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This research employed both quantitative and qualitative research methodologies to

explore the impact of mobile wireless technology (MWT) in higher education classrooms.

The methodology was developed using systems engineering concepts. A methodology to

evaluate and compare the cost, cost-effectiveness and cost-utility of different MWT

configurations was also developed. Five outcomes were used to assess impact: student

attitudes, student learning outcomes, teaching and learning processes, contribution of MWT

to meeting learning objectives, and effects of previous experiences with mobile technology.

In classrooms where MWT was used in lectures on a regular basis, particularly for

programming applications, the robustness of the supporting infrastructure (e.g. wireless

network) appeared to play an important role in positively or negatively influencing student

attitudes such as liking, enthusiasm and student views of the general usefulness of MWT. The

device type appeared to play an important role in changing student attitudes. In classrooms

where MWT devices were used for special applications, MWT costs as well as assigning

grades were found to influence student attitudes.



The frequent and individual use of MWT with wireless capability inside and outside

classroom was positively related to student learning outcomes as measured by student

homework grades, as well as course learning objective achievement and student overall

learning. The use of MWT in the classroom positively impacted student learning abilities.

Teaching and learning processes, interactions between the instructor and students, and

interactions between students were impacted by the use of MWT. Previous experience did not

always impact student attitudes. Significant differences were found only in some attitude

scales in some courses.

The results of this study highlight the value of using multiple outcomes to assess

impact. Based on these results, the advantages of MWT were found to outweigh the

disadvantages. The findings of this study provided a unique and comprehensive evaluation of

the contribution of MWT in the higher education classroom. The methodology was designed

so that other educational institutions may use it to evaluate MWT implementations in their

own unique settings.
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The Impact of Mobile Wireless Technology in Higher Education Classrooms

CHAPTER 1

INTRODUCTION

Over the past decade, advances in information and communication technology have

greatly affected our everyday life. Recently, these advances have been recognized as a

potential enabler for economic and social development and for strengthening competitiveness.

It is also believed to be the most significant potential force in shaping education in the

twenty-first century. These advances have already been affecting the teaching and learning

environment, content and methods, and the management of educational systems in profound

ways.

Mobile wireless technology (MWT) -- primarily personal digital assistants (PDA' s),

laptops and other customized devices -- have been used in classrooms at all levels from

primary school to professional education with the goal of improving the quality of teaching

and learning. The problems of "part-time" use of computers have been solved. Students with

personal MWT can use them throughout the day in class and also take them home at night for

homework and practice (Schieber, 1999).

As a result of collaborative support from various partnerships, the College of

Engineering (COE) at Oregon State University (OSU) has a commitment to using MWT in

the classroom. The entire college and a number of other buildings on the OSU main campus

now offer wireless connectivity. Students can instantly access the Internet and engineering

curriculum material in many buildings, without the need for specialized computer rooms.

COE began its college wide implementation of using MWT in 2004. Like many other higher
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education institutions, COE has required incoming freshman engineering students to have

their own wireless laptop computers for classroom use. Several types of MWT are currently

integrated into traditional classroom settings to improve education through a more handson

learning environment. Examples of educational activities with wireless computing might

include: remote control of robots built as projects for design classes; individual student use of

computer models in the classroom; real-time simulation of load and strain for structural

designs; immediate feedback on performance during exams and exercises; class exercises and

group work, as well as classroom analysis of statistical data sets ("The OSU College of

Engineering," 2005). One important issue surrounding this requirement is the relative cost

and the cost effectiveness of different MWT configurations for classroom usage.

Industrial engineering (IE) principles, concepts and tecirniques can be applied widely

in both manufacturing and service industries such as hospitals, banks, government

organizations, and educations (Turner, Mize & Case, 1987). The following definition of

industrial engineering has been adopted by the Institute of Industrial Engineers (lIE) (TIE,

n.d., Copyright © 1998 by lIE, Reprinted with permission):

Industrial engineering is concerned with the design, improvement, and installation of
integrated systems of people, material, information, equipment, and energy. It draws
upon specialized knowledge and skills in the mathematical, physical, and social
sciences together with the principles and methods of engineering analysis and design
to specify, predict, and evaluate the results to be obtained from such systems.

Although the term "industrial" is used, it does not mean only manufacturing. IE tools and

techniques that have been used to make improvements in manufacturing industries can be

used to evaluate and improve productivity and quality in service industries as well (lIE,

2005). In this research, the principles and methods of IE were used in conjunction with

educational evaluation methodologies to evaluate the results obtained from an educational

setting where MWT was applied in classrooms.



1.1 Mobile Wireless Devices

Several types of MWT have been integrated into traditional classroom settings at

OSU, primarily personal digital assistants (PDA's), laptops and customized response devices.

Two types of PDA's were used in the classes included in this study, the Hewlett Packard

Jornada 720 and the Jornada 567. These devices were equipped with wireless network cards.

See Figure 1.1.

HP Jornada 720- 32 MB RAM, 206 MHz HP Jornada 567- 64 MB RAM, 16-bit color
processor display, 206 MHz processor

Figure 1.1. HP Jornada 720 and HP Jornada 567. Pictures taken from http://www.hp.com.
Copyright © 2005 by Hewlett-Packard Development Company, L.P. Reprinted
with permission.

In some of the classrooms studied at OSU, students used a Personal Response System

(PRS) device to respond to questions or prompts from the instructor, responses were

collected, and summarized results were disp'ayed on a histogram for the entire class to view.

See Figure 1.2.
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period of revoftitior,?
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Figure 1.2. PRS. Pictures taken from http://www.gtcocalcomp.com. Copyright © by
GTCO CalComp, Inc. Reprinted with permission.

The final MWT used in the classrooms in this study were laptops. Laptops were also

equipped with wireless network cards. See Figure 1.3
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Figure 1.3.

Compaq Evo n620c
Intel ® Pentium ® M 1400 MHz processor
256 MB RAM
14.1-inch display
Microsoft Windows XP Professional 2002

HP Omnibook 6000
Intel Pentium III 535 MBz processor
128MB RAM
15-inch display
Microsoft Windows XP Professional 2002

Dell Latitude D600
Intel ® Pentium ® M 1400MHz Processor
512 MB RAM
14-inch display
Microsoft Windows XP Professional 2002

Compaq Evo n620c, HP Omnibook 6000 and Del] Latitude D600. Pictures
taken from http://www.hp.com and http://www.dell.com. Copyright © 2005 by
Hewlett-Packard Development Company, L.P. and Dell Inc. Reprinted with
permissions.
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1.2 Research Motivation

While most previous research has focused on the application and the implementation

of MWT's, a review of the literature has revealed only limited previous research focused on

evaluating the impact of using MWT in classrooms. Furthermore, even though many higher

education institutions have a commitment to using MWT in the classrooms, only a few

researchers have evaluated the use or impact of MWT in higher education classrooms. Most

of the available research has focused on elementary schools. This research addressed this gap

by studying the impact of MWT on higher educational students from both a student and

instructor perspective. This research has studied the implementation of MWT in multiple

courses in higher education, each with its own set of learning objectives and student

populations

The lack of systematic evaluation of the impact of MWT on students, and on the ways

in which MWT could be applied in classrooms most effectively, has contributed to the under-

utilization of MWT in education (Bergen & Kingston, 1994). This research used engineering

and scientific methods to evaluate the impact of MWT from a systems perspective. The

research explored how MWT could be utilized to improve quality in both the content and

process of education. This research also provided insight into how MWT could be utilized

most effectively in the higher education classroom.

While previous research has focused on the issues associated with implementation of

MWT in the classrooms, few studies have evaluated the impact of MWT in classrooms, and

even fewer have studied the costs of MWT to deteuiiine if MWT is cost effective.

Furthermore, cost information is rarely available in the literature. Different MWT's

implementations use different configurations of hardware, different software, and different

organizational and personnel arrangements, even when they are addressing the same

6
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objectives. This research evaluated both the costs and impact of MWT implementations to

develop a methodology for evaluating the cost effectiveness of different MWT

implementations.

1.3 Research Purpose

The purpose of this research was to develop a methodology to evaluate the impact of

MWT's for higher education classroom usage and to also develop a model to evaluate and

compare the cost, cost-effectiveness and cost-utility of different MWT configurations based

on engineering concepts. The proposed methodology can be used by instructors or school

decision makers to evaluate the impact of MWT for classroom usage from a systems

perspective where the instructional processes are viewed as a set of interrelated components.

An industrial engineer is synonymous with a systems integrator -- a big-picture

thinker (lIE, 2005). The methodology used for this research was developed based on system

engineering concepts. Sage and Armstrong (2000) defined system engineering as following:

System engineering is a management technology to assist and support policy making,
planning, decision making, and associated resource allocation or action deployment.
System engineers accomplish this by quantitative and qualitative formulation,
analysis, and interpretation of the impacts of action alternatives upon the needs
perspectives, the institutional perspectives, and the value perspectives of their clients
or customers (p.8-9).

This research focuses on the three primary steps of system engineering activities

formulation, analysis and interpretation of the impact of the alternative (MWT in higher

education classroom). This research evaluated the impact of MWT in the higher education

classroom by looking at the "teaching and learning processes in the classroom or instructional

process" from a "big picture" or system perspective. From a system perspective, instructional

processes can be considered within the educational system as being responsible for producing

educated graduates (Sage & Armstrong, 2000).
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The methodology was designed so that other institutions may use it to evaluate

different MWT configurations in their own unique settings. Institutions may have to make

decisions about investing in MWT from either an overall perspective or from the perspective

of the "average" student. This research studied MWT investments based on the "average"

student, from both a demographics perspective and in terms of learning styles. Other

institutions may use the processes developed to guide them in their decisions to invest ill

MWT and to assist them in determining which MWT is the most appropriate to invest in

given their objectives.

1.4 Research Contribution

The primary objectives of this research were to study the impact of the MWT usage in

classrooms, to gain a better understanding of how MWT can be utilized most effectively in

the classrooms to facilitate/enhance student learning, and to develop a methodology to

evaluate the cost and cost-effectiveness of different MWT implementations in university level

classrooms. While the analyses completed in this research were based on MWT

implementation in classrooms at OSU, the methodologies are applicable to other institutes of

higher education. The findings of this study provided a unique and comprehensive evaluation

of the contribution of MWT in the classroom. These findings are valuable to decision makers

who are examining and evaluating the impact of MWT programs. It is important for dec: sion

makers to know if investments in technology will significantly benefit students. The

methodology developed allows instructors or school decision makers to evaluate MWT

implementation from a systems perspective in which every component (i.e., instructor,

students, instructional materials, and learning environment) is crucial to the whole system

success.



1.5 Research Model

A system can be thought of as a process in which mechanisms transfoiiii the system

from an initial state to a transformed state subject to certain controls. An instructional system

can be defined in teiins of this set of inputs, outputs, mechanisms, and controls. This research

evaluated the impact of MWT in the higher education classroom by focusing not only on the

outcomes but also on the controls, the mechanisms as well as the instructional processes. The

research model used to guide this study is shown in Figure 1.4. It is hypothesized that the use

of MWT in higher education classroom will impact the instructional processes, outputs,

mechanisms and controls both directly and indirectly.

The model shown in Figure 1.4 includes research questions related to the impact of

MWT. From the research model, research questions were developed. These research

questions are summarized according to the five main areas of interest summarized in Table

1.1. The five main topical areas include (1) student attitudes towards MWT and the usage of

MWT in classroom, (2) student learning outcomes, (3) teaching and learning processes, (4)

contribution of MWT to meeting learning objectives, and (5) effects of previous experiences

with mobile technology on student attitudes and student learning outcomes.

9



Impact on Processes
- Impact on teaching and learning processes.

- Impact on interactions between instructor and students, and interactions between students.

Inputs
Instructional

Processes

Controls and Mechanisms
-J

Figure 1.4. Research model guiding overarching research propositions.

Table 1.1. Research questions in each key area.

Impact on Outputs
- Impact on student learning outcomes.

- Impact on student attitudes towards MWT and the usage of MWT.
- Impact of previous experience with mobile technology on student attitudes and student

learning outcomes

Contribution of MWT in student achievement of course learning objectives.

10

Areas Research Questions
Student attitudes towards MWT
and the usage of MWT

Does the introduction of MWT in the classroom affect
student attitudes towards MWT and the usage of MWT?

Student learning outcomes Does the introduction of MWT in the classroom affect
student learning outcomes?

Teaching and learning processes Does the introduction of MWT in the classroom affect
teaching and learning processes, interactions between
instructor and students, or interactions between students?

Contribution of MWT to
meeting learning objectives,

Does the introduction of MWT in the classroom affect
course learning objective achievement?

Impact of previous MWT
experience,

Does previous experience with mobile technology affect
student attitudes and student learning outcomes?

'1

Outputs



1.6 Research Hypotheses

The research hypotheses tested in this study are described below. The first four

hypotheses address the impact of MWT implementation on student attitudes towards MWT

and the usage of MWT, student learning outcomes, teaching and learning processes and also

interactions between instructor and students, and interactions between students, as well as

student and instructor perceptions of MWT contribution towards meeting learning objectives.

The next two hypotheses address the relationships between previous experience with mobile

technology on student attitudes, as well as student learning outcomes. Previous research

findings related to these hypotheses are reviewed in Chapter 2.

Hypothesis 1: The introduction of MWT in the classroom does riot affect student attitudes

towards MWT oi student attitudes towards MWT usage.

Hypothesis 2: The introduction of f in the classroom does not affect student learning

outcomes.

Hypothesis 3: The introduction of MWT in the classroom does not affect teaching and

learning processes, interactions between the instructor and students, or

interactions between students.

Hypothesis 4: The introduction of MWT in the classroom does not affect student course

learning objective achievement (as measured by student and instructor

evaluations).

Hypothesis 5a: Previous experience with mobile technology does not affect student attitudes

towards MWT and the usage of MWT. In particular, there is no difference in

student attitudes towards MWT and the usage of MWT between students

with and students without previous experience with mobile technology.

11
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Hypothesis 5b: Previous experience with mobile technology does not affect student learning

outcomes. In particular, there is no difference in student learning outcomes

between students with and students without previous experience with mobile

technology.

1.7 Definition of Terms

The following terms are defined and are used throughout the remainder of this

document.

Personal digital assistant (PDA) - A handheld, portable technology device that allows users

to store information and exchange it with a desktop or laptop computer.

Traditional classroom/Non-mobile wireless classroom (non-MWT classroom) - Traditional

lecture or laboratory classroom where instructors present information or knowledge to

students, typically using a lecture. Students are passive receivers of instructorcensored

knowledge (Jarzab, 2003). Students have no MWT access.

Mobile wireless classroom (MWT classroom) - Classroom where MWT (e.g. PDAs, laptops

or other customized devices with wireless capabilities) are used for teaching and learning

purposes. Students in the classroom have access to these devices and work on the device

either as an individual or as a group.

Higher education institutions Categorized as research universities, doctorate granting

universities, comprehensive colleges and universities, or liberal arts colleges (Kanji & Tambi,

1999).

Even though the terms "computer", "laptop", and "technology" were used

interchangeably in some parts of this document such as in the summary of the student

opinions, the term "computer" and "technology" were used to reflect student experiences with

laptops rather than desktop computers. In addition, the terms "instructor" and "teacher" were
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used interchangeably, as well as the terms "teaching" and "instruction." The terms "impact"

and "effect" were also used interchangeably throughout this document.



CHAPTER 2

LITERATURE REVIEW

This chapter describes previous research findings on technology and MWT in the

classroom. The chapter begins by defining both instructional processes and educational

system elements. The application of Integrated Definition Language 0 (IDEF0) to represent

instructional processes in previous research is also presented. This section is followed by a

more detailed discussion of technology in education. The theory framing this research and

prior research supporting the theoretical framework chosen for this study are discussed.

Models for the evaluation of the impact of technology in the classrooms are also presented.

Next, discussion of the application and the implementation of MWT in the classrooms is

included. Finally, the evaluation of technology and MWT in the classrooms from previous

research is discussed. Six main areas are of interest in this research. Previous research has not

studied the contribution of technology and MWT towards achieving course learning

objectives. Therefore, only five areas are explored in this section. The five main topical areas

explored in the final section are (1) student attitudes towards technology and the usage of

technology in education, (2) student learning outcomes, (3) teaching and learning processes,

(4) impact of previous experiences with technology on student attitudes and student learning

outcomes, and (5) cost, cost-effectiveness, and cost-utility.

2.1 Instructional Processes

It is important to define instructional processes as well as the educational system

elements associated with a MWT classroom so that observations of the dependent variables of

interest used to evaluate the impact of MWT on each educational system element can be

identified. In this section, a definition of instructional processes and the educational system

14
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elements, as described by previous research, are discussed. The terms "teaching" and

"instruction" are used interchangeably throughout this section consistent with previous

research. The MWT instructional process, which was the process of interest for this research,

the interrelated system elements as well as the variables of interest are defined and modeled

in Chapter 3.

2.1.1 Definition of Instructional Processes

Researchers have created descriptions and definitions of instructiona' processes.

While many different definitions have been offered, numerous studies have explained

instruction as a "systematic approach" which is composed of many sub-processes or sub-

functions (Aiuistrong, Denton & Savage, 1978; Davies, 1981; Hough & Duncan, 1970).

Some researchers have also defined instruction through a set of interrelated components

(Kaufman, 1972). For example, Hough and Duncan (1970) defined "teaching" as an activity

with four phases: a curriculum-planning phase, an instructing phase, a measuring phase, and

an evaluating phase. The curriculum-planning phase foiinulates the goals, selects aild

organizes the content of instruction, and states the objectives of instruction. The instruction

phase creates intentions regarding the strategies and tactics of instruction, instructs, and

obtains situational feedback about instruction. The measuring phase creates or selects devices

to measure student learning, measures student learning, and organizes and analyzes data. The

evaluating phase uses feedback to evaluate the appropriateness of the objectives from the

curriculum-planning phase, the effectiveness of instruction in the instruction phase, and the

validity and reliability of measurements in the measuring phase. The primary purpose of

teaching is to facilitate student learning, which can be measured through observations that

reveal changes in behavior. Teachers or instructors make observations of behavior either

directly or indirectly. In some instances the behavior is performed as the instructor observes.
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In other instances what instructors observe is a product of the behavior, such as homework

assignments.

Similarly, Davies (1981) defined "instruction and teaching" as both an art and science.

Davies suggested that there are four steps in the development of a training or educational

program. The first step is to identify the objectives of the program. The second step is to

design the program to meet the objectives. The third step is to organize the program to meet

the objectives. The fourth and final step is to evaluate the program in terms of the objectives.

Armstrong, Denton and Savage (1978) proposed a model of instruction that relates the actions

of teachers or instructors to the achievement of learners. The authors defined "teaching" as a

series of events requiring decisions made by an instructor. The authors grouped these

decisions into five categories: (1) specifying perfotinance objectives, (2) diagnosing learners,

(3) selecting instructional strategies, (4) interacting with learners, and (5) evaluating the

impact of instruction. Figure 2.1 shows a model of instruction as proposed by Aiiiistrong,

Denton and Savage (1978).



Figure 2.1.

Specifying
Performance
Objectives

Evaluating
Instruction

Diagnosing
Learners

Interacting with
Learners

Selecting
Instructional
Strategies

A model of instruction. From Armstrong, D.G., Denton, J.J. & Savage, T.V.,
Jr. (1978). Instructional Skills Handbook, p.14. Copyright © by Educational
Technology Publications. Reprinted with permission.
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Dick and Carey (1996) stated that instruction is a set of events or activities presented

in a structured or planned way, through one or more media, with the goal of teaching pre-

specified learner behaviors. Instruction is a systematic process in which every component

(i.e., instructor, students, instructional materials, and learning environment) is crucial to

successful learning. All components in the process must interact effectively in order to bring

about the desired outcomes. The authors proposed a systems model for the design,

development, implementation, and evaluation of instruction. Figure 2.2 presents "The Dick

and Carey Systems Approach Model for Designing Instruction"



Assess needs
to identify
goal(s)

Conduct
instrucsiottal
analysis

Analyze
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contexts
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performance
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Revise
instruction
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Develop
assesstnetst
iflStrusietits
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Des'elop and
select
instructiotial
materials

Design and
conduct
summative
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Figure 2.2. The Dick and Carey systems approach model for designing instruction. From
Dick, W. & Carey, L. (1996). The Systematic Design of Instruction (4th Ed.),
p.2-3. Copyright 1996 © by Pearson Education. Reprinted with permission.

The most common and widely used systematic approach to the instructional design

process is the ADDIF, model (Kruse, nd.; Peterson, 2003; Strickland, n.d,; Summerville,

2002; Tomei & Balmert, 2001). ADDlE stands for analyze, design, develop, implement, and

evaluate. Each step has an outcome that provides for the subsequent step. In the analyze

phase, the instructional problem is clarified. The goals and objectives are established. The

learning environment and learner characteristics are also identified. In the design phase. the

instructional strategies are designed. in the develop phase, materials are produced according

to decisions made during the design phase. In the implement phase, materials are delivered or

distributed to students. After delivery, the effectiveness of the training materials is evaluated.

Some researchers have explained instructional processes in terms of a set of

interrelated components. Kaufman (1972) defined the "education process" as a process for

providing learners with (at least minimal) skills, knowledge, and attitudes so that they may

live and produce in the society when they legally exit from the educational agencies.

Kaufman (1988) stated that an educational enterprise is dynamic, not linear or lock-step.
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Activities and their results flow back and forth within the educational system. Educational

agencies inputs are applied to doing things (processes) which have results (products, outputs

and outcomes). Sometimes a result is seen as an input to another process which builds still

another product. Table 2.1 summarizes the key concepts of the instructional process models

developed in previous research and their application to this research.



Table 2.1. Comparison of definitions of instructional processes.
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Authors Key Concepts Application to This Research

A system is composed of many sub processes or sub functions

Armstrong,
Denton &
Savage (1978)

Defined teaching as a series of events requiring
decisions made by an instructor. These decisions
can be grouped into five categories: specify
performance objectives, diagnose learners, select
instructional strategies, interact with learners, and
evaluate the impact of instruction.

From this perspective, an IDEF0 A0
diagram for the instructional
processes was developed to model
the M1NT instructional process
(details are discussed in Chapter 3).
In a MWT classroom, instruction can
be represented with five sub-
processes; (1) plan for instruction, (2)
perform instruction, (3) assess
student performance and
achievement, (4) evaluate course, and
(5) determine future improvements.

Davies (1981) Defined four steps in the development of a training
or educational program as identify the objectives
of the program, design the program to meet the
objectives, organize the program to meet the
objectives and evaluate the procram in terms of the
objectives.

Dick & Carey
(1996)

Defined instruction as a set of events or activities
presented in a structured or planned way, through
one or more media, with the goal of teaching pre-
specified learner behaviors. The authors proposed
a systems approach model for the design,
development, implementation, and evaluation of
instruction

Instruction is a systematic process in which every
component (i.e., instructor, students, instructional
materials, and learning environment) is crucial to
successful learning. All components in the process
must interact effectively in order to bring about the
desired outcomes.

Hough &
Duncan (1970)

Defined teaching as an activity with four phases: a
curriculum-planning phase, an instructing phase, a
measuring phase, and an evaluating phase with the
primary purpose to facilitate student learning.

ADDlE model Defined five phases for the instructional design
process: analyze, design, develop, implement, and
evaluate. Each step has an outcome that provides
for the subsequent step.

A set of interrelated components

Kaufman
(1972,1988)

Defined the "education process" as a process for
providing learners with (at least minimal) skills,
knowledge, and attitudes so that they may live and
produce in the society when they legally exit from
the educational agencies,

An educational enterprise is dynamic, not linear or
lock-step. Educational agencies inputs are applied
to doing things (processes) which have results
(products, outputs and outcomes). Sometimes a
result is seen as an input to another process which
builds still another product.

From this perspective, an IDEF0 A.0
diagram of the instructional
processes context was developed to
model the MWT instructional
process (details are discussed in
Chapter 3).



2.1.2 Educational System Elements

There are many previous studies that discuss the different educational system

elements or components -- inputs, processes, products, outcomes and outputs. Kaufman

(1972, 1988) defined and differentiated between educational system elements. The author

defined product as the basic en-route educational result which, by itself is not useful, but is

part of the overall outputs which can or will be delivered outside of the educational agency.

An outcome is defined as the societal consequences of what the educational organization

uses, does, produces and/or delivers (Kaufman, 1988) and as achievement of the required

minimal skills, knowledge, and attitudes of learners (Kaufman, 1972). Output is described as

the collected products which an educational agency can or does deliver for institutions

beyond itself (such as a graduate). Table 2.2 illustrates, differentiates and gives examples of

the various educational system elements.
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Table 2.2. Educational system elements. Adapted from Kaufman R. (l988).Planning
Educational Systems: A Results-Based Approach, p.30 and p.179.
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Astin (1991) developed a model of impact factors in college as shown in Figure 2.3.

This model contains three conceptually distinct components -- student inputs, college

environment and student outputs. Student inputs are composed of the talents, skills and

potential for growth and learning that a student brings with them. Some student inputs are

ascribed characteristics, such as sex and race; others reflect the student's present level of

intellectual development and personal values. The college environment element refers to

those aspects of the institution that affect students, for example, its administrative policies, its

physical plant and facilities, its curriculum, including methods of teaching, and the

individual's peer group. Student outputs consist of those aspects of the student's development

influenced by the institution and include academic achievement, knowledge, values, attitudes

and interests.

Inputs Processes Products Outputs Outcomes
Defined as raw
materials such as
existing human and
educational resources,
existing needs, goals,
objectives, policies,
board regulations,
laws, money, values,
societal and
community
characteristics, quality
of life,

Defined as the how-
to such as
educational means,
methods,
procedures,
voucher plans, in-
service training,
teaching, learning,
meditating,
managing.

Defined as en-route
results such as
course completed,
competency test
passed, competency
acquired, leaner
accomplishment,
teacher
accomplishment,
educational
building block,

Defined as the
aggregated products
of the educational
system which are
delivered or
deliverable to society
such as graduates,
program completers,
job placements,
certified licensees

Defined as the
effects of outputs
in and for society
and the community
such as self
sufficient, self-
reliant, productive
individual, socially
competent and
effective,
contributing to self
and to others, no
addictive
relationship to
others or to
substance, financial
independence.

a

Existing learner
characteristics, Budget,
Building, Staff, State
Law, Federal Laws,
Board Policies

Curriculum, Staff
Development,
Teaching Methods,
Community
Involvement,
Accountability
Reporting,
Management
Interaction

Course Completed,
Test Scores,
Validated Learning
Materials

Graduates/Program,
Completers, College
Placements, Dropouts

Individual and
Group Self
Sufficiency --
Earning a Living,
Contribution
(Current and
Future) -- Paid
Bills, Not on
Welfares or Food
Stamps, Quality of
Life



Environment

)77

Figure 2.3. The I-E-O model of factors in college impact. From Astin, A.W. (1991).
Assessment for Excellence: The Philosophy and Practice of Assessment and
Evaluation in Higher Education, p.18. Copyright © by American Council on
Education. Reprinted with permission.

Bogue and Hall (2003) state that college outcomes center on student growth-- changes

in knowledge, in skill, in attitudes, and in values. The authors refer to Ewell's (1985) four-

element model for college outcomes: cognitive development, skill development, attitudinal

development and behavior after college. Cognitive development is an assessment of general

education and major field knowledge expected of the college graduate. Skill development is

an assessment of basic skills such as communication, critical thinking, and analytical skill.

Attitudinal development is an assessment of student values and changes in those values.

Behavior after college is an assessment of student perfoiiiiance in work or further study after

the first degree is received. Bogue and HaIl (2003) also referred to the I-E-O model to classify

these college outcomes by two types of outcomes (cognitive and affective) and two types of

data (psychological and behavioral). Table 2.3 summarizes the key concepts of these models

and their application to this research.
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Table 2.3. Comparison of models of educational system elements.
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These previous descriptions and definitions for each educational system element are

crucial in identifying variables to evaluate the impact of MWT. In order to evaluate the

impact of MIWT, it is critical to clearly define both objectives and outcomes, as well as the

instructional processes and the interrelated elements. Instructional processes are complex.

Authors Key Concepts Application
to This Research

Bogue & Hall
(2003)

Defined college outcomes centerd on student growth--
changes in knowledge, skill, attitudes, and values,

The authors reference Ewell's (1985) four-element mode]
for college outcomes: cognitive development, skill
development, attitudinal development and behavior after
college.

Coanitive development is an assessment of eneral
education and major field knowledge expected of the
college graduate.

Skill development is an assessment of basic skills such as
communication, critical thinking, and analytical skill.

Attitudina] development is an assessment of student values
and changes in those values.

Behavior after college is an assessment of student
performance iii work or further study after the first degree is
received.

This research used
previous research on the
educational system
elements to create the
IDEF0 functional model
for instructional
processes in MWT
classrooms (details in
Chapter 3).

Kaufman (1972,
1988)

Defined product as the basic en-route educational result.

An outcome is defined as the societal consequences of what
an educational organization uses, does, produces and
delivers (1988) and as achievement of the required minimal
skills, knowledge, and attitudes of learners (1972).

Output is described as the collected products that an
educational agency can or does deliver for institutions
beyond itself (such as graduates).

Astin (1991) Described three relevant conceptually distinct components -

- student inputs, college environment and student outputs.

Student inputs are comprised of student talents, skills and
potential for growth and learning that a student brings with
them. Some student inputs are ascribed characteristics;
others reflect the student's present level of intellectual
development and personal values.

The college environment refers to those aspects of the
institution that affect students - - administrative policies,
physical plant and facilities, curriculum, including methods
of teaching, and peer groups.

Student outputs consist of those aspects of the student's
development influenced by the institution and will include
the academic achievement, knowledge, values, attitudes and
interests.
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The details of these processes are also difficult to identify. In the next section, the application

of Integrated Definition Language 0 (IDEF0) is discussed. IDEF0 is used to develop a

comprehensive representation of the instructional process.

2.1.3 IDEF Functional Modeling for Instructional Processes in MWT Classrooms

This section discusses the use of IDEF0 to model instructional processes. IDEF0 has

been used for process analysis in many industries. For this research, an IDEF0 model was

created to describe the instructional processes which were evaluated as part of the research.

IDEF0 provided a graphical illustration of the key processes, process relationships and entities

(information or objects) involved in the function of education.

There are a number of tools within the IDEF family. IDEF0 is the functional modeling

technique. The principle goal of IDEF0 is to provide a structured approach for breaking a

complex system into more elemental components that are simpler to deal with (Haines &

Evers, 1990). Each function within a system can be thought of as a process in which

mechanisms transform the system from an initial state to a transformed state subject to certain

controls. Each function is defined in terms of a set of inputs, outputs, mechanisms, and

controls. Boxes are used to represent activities, actions, processes, functions, tasks and

operations. Arrows indicate relationships or information flow among the functions. The

arrows entering and leaving the boxes on the left and right represent "inputs" and "outputs"

respectively. An input is something that is changed by the process. Outputs are what the

inputs are transformed to. Functions transform inputs into outputs. Arrows entering from the

top of the boxes are "controls" and arrows entering from the bottom are "mechanisms".

Controls restrict or guide the way transformation occurs. Mechanisms are actors (humans or

machines) that perfoim the function. An IDEF0 model consists of an integrated set of

diagrams. Each diagram contains more detail about a function and is linked to more general
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diagrams. The process of describing a function in more detail is called decomposing a

function. The more general diagram is called the parent of the detailed diagram. IDEF0

models are read in a top-down manner. The top level diagram or the A-U diagram summarizes

the overall function of the system, which is represented by a single box (Sarkis & Liles,

1995).

In industry, many companies, such as Lockheed-Martin, General Motors, and

Rockwell International, used IDEF0 for representing their processes as part of process

improvement or reengineering efforts (Zakarian & Kusiak, 2001). Kim, Weston, Hodgson

and Lee (2003) reported the use of IDEF together with the Unified Modeling Language

(UML) in an electronics organization. Sarkis and Liles (1995) also proposed the use of IDEF

and Quality Function Deployment (QFD) to determine the requirements and processes for the

justification methodology of computer-integrated enterprise technologies for small and

medium-sized manufacturing enterprises.

IDEF0 has also been used in service sectors, such as health care and training. Haines

and Evers (1990) reported on the use of IDEF0 modeling to describe an instructional system

development (ISD) process. The ISD process was used to develop an effective training

program in the Air Force. The goal of the IDEF0 model was to provide a representation of the

ISD process for teaching the ISD process, for implementing and managing an ISD

implementation project, and for analyzing and upgrading the ISD process. Bauer, Botney,

Doolen, and Funk (2003) reported the use of IDEF0 for describing the operating room (OR)

system and the associated surgical processes. The IDEF0 model enabled critical actors in the

OR system, such as physicians and nurses, to look at the OR from a systems perspective, to

recognize the overall scope of the work they do, and to comprehend how one component of

that work affected other components. The model also comprehensively documented the

characteristics and complexity of the OR. The model was also useful for system perfoiiiiance
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analysis and offered insight into identifying skills for training purposes. Similarly, for this

research, an IDEF0 model was used to present the MWT instructional process. The IDEF0

model development for this research is detailed in Chapter 3.

2.2 Technology in Education

This section describes the theory and the evaluation models used for framing this

research and describes how both theory and models influenced the study design. The section

begins with the theoretical framework and is followed by the evaluation models used in

previous studies.

2.2.1 Theoretical Framework

There are a number of learning theories explaining how students learn and construct

knowledge, such as behavioral, information processing and constructivist learning theories. In

behavioral theory, learning occurs when new behaviors or changes in behaviors are acquired

as the result of an individual response to stimuli. In infoiiiiation processing, learning is

conceptualized as a change in the knowledge stored in memory (governed by internal process

rather than by external circumstances). In contrast to behavioral and information processing

theories, in constructivist theory, learning is the process where individuals construct new

ideas based on prior knowledge and/or experience. Individuals construct knowledge by

working to solve realistic problems, usually in collaboration with others. Constructivist theory

draws from a variety of psychological and philosophical perspectives. Conway (1997)

described constructivist learning theory based on the work of educational philosopher John

Dewey and educational psychologists Lev Vygotsky, Jean Piaget, Jerome Bruner. Conway

contends that the construction of knowledge happens in a social context. Constructivism

emphasizes students' ability to solve real-life and practical problems. Students typically work



28

in cooperative groups rather than individually. Students tend to focus on projects that require

solutions rather than on instructional sequences that require learning of certain content skills.

Boettcher (n.d.) illustrated these similar key concepts of constructivist theory. Students learn

by fitting new infoiination together with what they already have. Constructivisn-i focuses on

collaborative learning, interactions and continuity of building on known concepts. Learners

create their own unique education because learning is based on prior knowledge; therefore,

instructors have to design learning to assist students to build on what they know. Teachers

are not the sole possessors of knowledge and perspective but co-learners and guides.

Carbonell (2001), based on Lev Vygotsky's

where individuals construct new ideas or

work, also found that learning is the process

concepts based on prior knowledge andlor

experience. The focus of instruction is the process, interaction, discussion and collaboration

among students and not on what is specifically to be accomplished as a result of the lesson.

Teacher roles are to construct a learning environment, to create group learning activities and

to encourage students to solve problems on their own or in groups. Student roles are to

explore the learning environment in concert with others and construct meaning from learning

experiences and to apply knowledge in personally meaningful contexts.

MWT may enable the construction of ideas and concepts, thus contributing to student

learning. Based on constructivism learning theory, students construct new ideas or concepts

based on prior knowledge and/or experiences. With the use of MWT devices, students can

build up knowledge and experiences that they can then use to construct new concepts in the

classroom by accessing resources such as library materials, websites, and electronic databases

both outside and inside the classroom.

The second principle of constructivism is that learning occurs through interactions,

participation, discussion and collaborative learning. Students learn by interacting, asking

questions, responding to others, replying to instructors and discussing. Fisher (2003)
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explained that interaction prompts more interaction, and in turn stimulates ideas, reactions,

and challenges. Participants have questions, perspectives, and ideas that are valuable. When

other students are engaged in answering these questions, they explore and examine concepts

more, think more, and share more.

There are many studies indicating that the usage of MWT and other types of

technology, such as web-based tools, enhanced interactions (both instructor-student and

student-student interactions), participation, discussion, and collaborative learning. Bauer and

Ulrich (2002) found that students given PDAs created collaborative groups to complete

projects. Winsler and Manfra (2002) reported that student motivation and communication

were enhanced in the classroom with web-based course tools. Lowther, Ross and Morrison

(2001) reported that laptop classes incorporated technology to a much greater degree and

tended to employ more student-centered strategies. Laptop students were more active,

autonomous, and collaborative in their classroom behaviors. Landay (1999) reported the use

of an electronic note-taking appliance, along with software called Notepals to enhance student

collaboration in courses that utilized project-based learning. Students could view the notes of

their teammates to check for details they missed on their own or to get a different perspective

on what was said in class. The students found the system to be a productive and effective way

to study as a group.

One important application of MWT is to provide opportunities for students to respond

to instructor questions even in large classrooms. MWT devices such as Personal Response

Systems (PRS) are designed primarily to increase interactions in the classroom. In a

classroom, each student responds privately to a question or prompt, all responses are

collected, and the summarized results are displayed as a histogram for all to see. This

application enables the instructor to assess student understanding of a concept. The use of the

application also increases the level of student participation.
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The third principle related to constructivism is that students construct knowledge by

working to solve realistic problems, usually in collaboration with others. MWT can be used

as a real world tool. With the use of MWT devices, for example, instructors could create or

provide classroom activities or exercises similar to realistic problems for students to work on

in teams or individually. Some previous researchers have alluded to results consistent with

constructivism. For example, Lawrence (2002) pointed out that after presenting some material

on a topic by traditional lecture, an in-class exercise was performed with laptops to reinforce

the concepts just presented. This encouraged students to be actively involved in the learning

process. Avanzato (2001) reported that classroom activities on PDAs such as the creation and

execution of small C programs helped highlight course topics and enhanced active and

collaborative learning experiences in the classroom and laboratory. PDAs were also used to

support individual and team design exercises iii the classroom and lab. Ritter (2001) reported

that third-and fifth grade students used PDAs with accompanying probes and the memo pad

feature to record data collected on an acid rain study.

These examples provide a foundation for linking key principles of constructivism

learning principles with the potential role of MWT in the classroom. One of the challenges of

understanding the impact of MWT in the classroom is in evaluation. Previously established

models of evaluation were reviewed and are summarized in the next section.

2.2.2 Models for Evaluation of Technology in Classroom

The lack of systematic evaluation of the impact of technology on learning, and on the

ways in which technology can be applied to the classrooms most effectively, contributed to

the under-utilization of technology in education (Bergen & Kingston, 1994). Some important

questions remain unanswered. For example, which technologies are most useful for student

learning? How should teaching methods be modified to maximize the impact of such tools?
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Some of these issues have been addressed in previous research and are discussed further in

the following sections. In this section, proposed systematic evaluation models presented in

prior studies are discussed.

A number of researchers have proposed models for evaluating the usage of technology

in the classrooms. Some researchers have proposed models that are focused on instructional

processes, rather than on outcomes. Oliver and Harvey (2002) proposed an alternative to

measuring the impact of technology on student learning using a process focus rather than a

product focus (i.e. studying learning processes rather than assessing test scores). Kinnaman

(1992) identified two potential problems with overemphasizing test data as a measure of a

technology program success. First, tests may not measure the skills and knowledge the

program was designed to teach. Second, even if the test was compatible with the program's

goals, improvement of test scores may take more than one program cycle or academic year to

surface. The process-oriented assessment strategy provided an important new perspective for

evaluation. Rather than having changes in process be a problem for a study, process changes

become the focus. The use of learning contracts, self-assessments leading to personal action

plans, and documented peer-assessments were used to obtain a rich set of longitudinal data

related to learning processes. The authors also provided another fonii of data collection that

could provide insights into changes in students' learning processes-- direct observation.

Some researchers have proposed that comprehensive evaluation models incorporate

all instruction sub-processes and educational system elements. Kinnaman (1992) proposed an

evaluation model that begins in the planning phase, rather than beginning at the conclusion of

a program. This approach allows evaluation data to be used to improve program while it is

still adaptable. The author also proposed that practitioners (instructor and students) must be

included in evaluation activities since they were the individuals who actually experienced a

program. The author recommended that other important and useful evaluation data can be
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obtained from sources other than test scores. For example, performance assessment, which

focuses on what the students can do, might involve completing a project or compiling a

portfolio of work. Student attitudes and instructor attitudes and behaviors were offered as

additional potential assessment criteria. The Kinnaman model includes four types of

evaluation--context, input, process, and product.

The first type of evaluation is context evaluation. The major objective of context

evaluation is to define the environment where change occurs, the environment's unmet needs,

and the problems underlying those needs. The evaluation begins with the initial planning for

the technology program, which includes an investigation of the current program and

identification of possible deficiencies.

The second type of evaluation is input evaluation. Input evaluation involves an

analysis of alternative procedural designs in terms of potential costs and benefits. in effect, it

calls for gathering information and making decisions regarding alternative approaches to meet

the program goals. Input evaluation could help to answer several important questions such as:

How can new technologies be used to enhance, enrich, and extend the curriculum? How

significant are the benefits of these technologies? How much will it cost for the necessary

hardware, software, staff development, and required modifications to the physical plant (e.g.

wiring for computer networks)? Are such enhancements achievable only through technology

or can they be achieved just as effectively another way? Is the potential impact worth the

cost? And finally, what are the potential opportunity costs of failing to use technology in

these ways?

The third type of evaluation is the process evaluation. The process evaluation

facilitates decision making during the implementation of the program. It helps to reveal and

validate program strengths and provides an opportunity to identify and correct problems and

potential sources of failure while the program is being implemented.
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The fourth type of evaluation is product evaluation. Product evaluation provides

information for deciding to continue, terminate, modify, or refocus a change activity, and for

linking the activity to other phases of the change process. The product evaluation also shows

significant benefits resulting from the ways in which technology was used.

This research evaluated the impact of MWT in higher education classroom by

focusing not only on the outcomes but also the inputs, as well as the instructional processes.

Evaluation data were obtained from sources other than test scores, such as student attitude

surveys, student focus group discussion, and instructor interviews and surveys. Direct

observations were used to obtain data related to learning processes (details in Chapter 3).

Table 2.4 summarizes the evaluation models related to this research.

Table 2.4. Comparison of models for evaluation of technology in the classroom.

2.3 Application and Implementation of MWT in Classroom

M\VT -- primarily personal digital assistants (PDAs), laptops and other customized

devices-- have been used in the classrooms at all levels from primary school to professional

Authors Key Concepts Application to This Research
Oliver & Harvey
(2002)

- Measure the impact of technology on student
learning based on a process focus rather than a
product focus (i.e. studying learning processes
rather than assessing test scores)

- Learning contracts, self-assessments,
documented peer-assessments and direct
observation were used to obtain data related to
learning processes.

- This research evaluated the impact
of MWT based on both the
process focus and product focus.

- Direct observations were used to
obtain data related to learning
processes.

Kinnaman
(1992)

- Use four types of evaluation--context, input,
process, and product beginning in the planning
phase, rather than beginning at the conclusion
of a program.

- Evaluation data can be obtained from sources
other than test scores such as performance
assessment (completing a project or compiling
a portfolio of work), student attitudes and
instructor attitudes.

. This research evaluated the impact
of MWT focused on input,
process and product.

- Evaluation data were obtained
from sources, such as student
attitudes and instructor opinions,
other than only using test scores.
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education with the goal of improving the quality of instruction. Examples of some of the

common applications include class exercises, group work, and in-class quizzes. The

following sections discuss the applications and implementations of PDAs, laptops and other

customized devices based on previous research.

2.3.1 Personal Digital Assistants (PDAs)

Once used primarily for personal time management, PDAs are increasingly being used

in education, at all levels from primary school to professional education. PDAs were used in

the classrooms for many purposes and in many activities. For example, Alford and Ruocco

(2001) reported that during the fall 2000 semester, 44 junior and senior computer science

majors at the United States Military Academy, West Point, New York were issued PDAs.

The study focused on how the cadets used their PDAs. There was no formal plan to

encourage cadets to use their PDAs. Cadets were free to experiment. Gathering information

from cadets regarding PDA use rested solely on the senior design course director. In addition

to standard PDA uses (scheduling, note taking email, address book, calculation, expense

accounting, games), cadets also used their PDAs for sharing of information, lesson

preparation, programming and senior design projects.

There are many reports on the application of PDAs in the classroom. In many cases,

PDAs were used for class exercises and group work. For example, Ritter (2001) reported that

third-and fifth grade students used PDAs with accompanying probes and the memo pad

feature to record data collected on an acid rain study. Avanzato (2001) reported that PDAs

were used at Pennsylvania State University at Abington in the classroom and laboratory of a

sophomore-level digital systems course. PDAs were used in classroom activities which

included the creation and execution of small C programs that were designed to highlight

course topics. PDAs were also used to support individual and team design exercises in the
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classroom and lab. Experiments interfacing the PDAs to microcontroller technology were

also explored, and an operational autonomous mobile robot was designed and constructed

using the PDA as the brain of the robot. Software could be entered and modified directly on

the PDA allowing modifications to be performed in locations where desktop or laptop PCs

were not available.

In other cases, PDAs were also used for class material downloading. Avanzato (2001)

reported that class notes and quizzes were distributed to the students via an infrared beaming

feature. Class materials and tutorials were also downloaded to the devices for access in the

classroom, and in other locations, such as the lab, library, or at home.

Other applications were also documented in the literature, Russell and French (2001)

reported on the use of a recording system designed for ethological observations. PDAs were

used to gather data on student participation in biology labs. The authors found that computer-

aided data collection systems not only required less time to program than it would take to

create and modify paper checklists but also reduced the number of transcription errors made

when transferring data to a computer for analysis. In professional school, University of Texas

Health Science Center at San Antonio (UTHSCSA) Library (2003) reported the use of PDAs

in medical education, PDAs were used on clinical rotations to provide medicalldrug

information resources such as medical calculators, patient tracking tools, learning tools,

document readers, medical equipment, and for accessing anatomical diagrams and databases.

Sommers, Hesler and Bostick (2001) reported on various uses of PDAs on the medical

campus of Virginia Commonwealth University (VCU). In the first project, a school of

medicine project, groups of randomly selected medical students were given PDAs and

medical-related applications for their evaluation. Results of the study indicated that the

students found PDAs useful for medical reference information and documentation, data

collection, treatment guidelines, calculations, patient monitoring and various practice
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management activities. In the second project, the authors reported a creative use of PDAs and

scanners to record attendance during grand rounds in the Department of Surgery. In the third

project, the authors reported on the use of video clips of procedures downloaded to PDAs for

quick reference by students in the field. Carison (2002) also reported the use of PDAs by

Samford University's pharmacy school students for taking notes in class and checking

medical references. Students at Florida State University's College of Medicine also used

PDAs to compare interactions of prescription drugs in patients.

Education institutions have begun requiring incoming freshman engineering students

to have their own PDAs for classroom use. For example, Roach (2001) reported that

academic departments, in the University of Minnesota-Duluth. mandated that students used

PDAs in their classes. The incoming freshman engineering and computer science students

were required to use PDAs in their computer science and engineering courses. Pierce (2001)

reported that in the University of South Dakota, entering freshman were all given PDAs that

linked through a campus-wide infrared transmission system supported by the university's

central computing system. Carison (2002) also reported that higher educational institutions,

such as Dartmouth College, the University of Iowa's business college, Duke University, and

Brigham Young University all require students to have handheld devices for some classes.

Roach (2001) reported that colleges and universities with prominent PDA initiatives for

undergraduate study include George Fox University in Newberg. OR, East Carolina

University in Greenville, NC, and Carnegie Mellon University in Pittsburgh, PA.

2.3.2 Laptops

Laptops have been used in classrooms for many purposes. In many cases, laptops have

been used for class exercises and group work to encourage students to be actively involved in

the learning process. Lawrence (2002) reported using in-class exercises on laptops to
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reinforce the concepts just presented in a traditional lecture. A study by Haynes (1996)

reported the use of word processing on laptop computers as writing tools for middle school

students identified as being inhibited writers in order to improve student writing ability, as

well as student attitudes toward writing.

Growing numbers of higher education institutions have begun requiring incoming

freshmen to own a laptop computer. For example, at Wake Forest University, North Carolina,

students have been required to own laptops since 1997. Smith, Tedford and Womack (1999)

reported that laptop computers fostered better communication and collaboration, which in

turn enhanced teaching and learning. The University of North Carolina at Chapel Hill

announced a laptop requirement in 1998. In the fall of 2001, the first freshman class required

to bring a laptop arrived on campus (Cisco Systems, 2001). The College of Engineering at the

University of Cincinnati, Ohio, has required entering freshmen to own a laptop computer

since 2000 ("Student Owned," 2004). At Villanova University, Pennsylvania, beginning Fall

2003, as part of their curriculum, students in the College of Commerce and Finance and the

College of Engineering are issued a laptop computer from the university

("Laptops@Villanova," 2004). At Clemson University, South Carolina, all incoming

freshman for the 2004-2005 academic year are required to own a laptop ("What does," 2004).

Other colleges and universities with prominent laptop computer usage for undergraduate

study include University of Florida, West Virginia Wesleyan College, Virginia Tech and

University of Oklahoma (Brown, 2004).

2.3.3 Customized Appliances Specifically Designed for Classroom Usage

There are also reports summarizing the use of customized appliances designed for

classroom usage. Landay (1999) described the development and the implementation of an

electronic note-taking appliance along with the Notepals system to enhance student
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collaboration in courses that utilize project-based learning. The electronic note-taking

appliance was a device designed specially for taking notes. The Notepals system was a note-

sharing system that captured and provided access to handwritten notes and documents of

interest to a workgroup. Students could view their notes side-by-side with the presentation

slides that an instructor was showing when the notes were taken. Students could also view the

notes of their teammates at the same time to check for details they missed on their own or to

get a different perspective on what was said in class. Notepals were used in both

undergraduate and graduate classes. Only a handful of students used the system in

undergraduate classes, but the graduate users benefited by using Notepals. The main reasons

for different usage rates were the nature of the class and the teaching style of the instructors.

In the undergraduate class, the instructor provided an online presentation, using slides while

the graduate course instructor did not lecture from slides -- rather the class was a combination

of lecture and discussion. The graduate course instructor also wrote and drew on the

whiteboard frequently. The graduate students found the Notepals to be a productive and

effective way to study as a group.

Hudgins (2001) reported on the use of a handheld device specifically designed for

high school level classroom testing. The device was designed with the sole purpose of testing

and communicating with the teacher. Therefore, all other functions such as sending answers

to other students and Internet access were disabled. The author found that students were

enthusiastic about using the device to take quizzes, and they were studying harder for quizzes.

The students responded very well to the immediate feedback provided by the application and

enjoyed competing with themselves as their scores improved each day.

The Personal Response Systems (PRS) are wireless keypads that are designed to

increase interactions in the class, and are required for students attending physics classes at

Oregon State University. In a classroom, each student responds privately to a question or
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prompt, all responses are collected, and the summarized results are displayed as a histogram

for the class to view. This enables instructors to assess student understanding of a concept and

to increase the level of student participation even in large classrooms. Burnsteiri and

Lederman (2001) reported that asking students questions and having students performing

tasks with wireless keypads allows the instructor to determine student levels of attention,

understanding, thinking, concept recognition, as well as the level of pre-class preparation.

Further, with the use of the wireless keypads, getting feedback could happen both ways (from

instructors to students and vice versa) and anytime during the instructional processes, not

only in the final class evaluation. Students could get prompt feedback from the instructor.

Instructors could also evaluate and get feedback on their performance in real time (Burnstein

& Lederman, 2001).

2.4 Evaluation of Technology Usage in Classroom Settings

While most previous research has focused on the application and the implementation

of MWT, a review of the literature has revealed only limited previous research focused on

studying the impact of using MWT in classrooms. Among these existing studies, only limited

aspects of MWT impact were reported. Even though many higher educational institutions

have committed to using MWT in classrooms, few researchers have evaluated MWT in

higher education classrooms. Most of the available research was based on studies in K-12

classrooms. However, the evaluation methodologies in closely-related technical application

areas, such as in web-based applications or in computer-aided instruction (CAl) in K-12 and

higher education, can be effectively applied to a study of the impact of MWT in higher

education classrooms,

A variety of results were reported in the literature on the impact of educational

technology in the classrooms. Some of these studies found that MWT, such as laptops, were
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successful in increasing student learning outcomes and cooperative behaviors. Some

researchers reported that technology (e.g. web base learning, MWT, etc.) had positive impact

on student learning outcomes (Carlson, 2002; Cianfrani, 2002; Doolen, Porter & Hoag, 2003;

Henson, Fridley & Pollock, 2002; Kolar, Sabatini & Fink, 2002; Kulik & Kulik, 1986;

Lowther, Ross & Morrions, 2001; Lyons, 2002; Sieglle & Foster, 2001; Winsler & Manfra,

2002). However, some researchers reported that the impact of MWT on student performance

was not significant (Haynes, 1996; Lowry, 2001; Schieber, 1999). There were also some

studies documenting students and instructor frustration with the technical aspects of MWT

hardware and software, and some research documenting inappropriate use of MWT (game

playing) by students (Avers, 2004; Hammond, 1994; Kinlaw, 2003). Carison (2002) reported

that based on the student e-mail questionnaires about the use of PDAs in the classroom,

students felt that they did not use PDAs much in the classrooms; only the calendar features

were used. Some students even reported the use of PDAs for game beaming, rather than

taking a practice quiz. Only one study by Waker (2001) indicated that non-laptop students

scored higher in the writing assessment.

Previous research (on both technology in the classroom and on MWT in the

classroom) related to the research questions of this study are explored in this section. Five

different areas are explored: (1) student attitudes towards technology and the usage of

technology in education, (2) student learning outcomes, (3) teaching and learning processes,

(4) impact of previous experiences with technology on student attitudes and student learning

outcomes, and (5) cost, cost-effectiveness and cost-utility.

2.4.1 Student Attitudes towards Technology and the Usage of Technology in Education

There are numerous previous studies on student attitudes in related areas, such as the

study of student attitudes toward the use of computer-aided instruction (CAT) and the study of
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student attitudes toward the use of Internet in the classrooms. Attitude scales have been used

widely to collect data on student attitudes. For instance, Winsler and Manfra (2002) reported

on the use of pre and post course evaluations to assess the extent to which using a variety of

standard and instructor-modified modules within WebCT were effective in increasing student

learning, motivation, communication, and technology use and skill, while decreasing student

technology anxiety or fear. Over 100 undergraduates, three sections (one section in Fall

semester 1999 and two sections in Spring semester 2000), of the same 300-level child

development course completed pre and post course surveys. The same instructor and syllabus

were used in all three sections. The number of WebCT hits per semester per student, the

mean number of posts by students, and the average total number of posts to WebCT per

course were used to assess the extent to which students actually used the web-based course

tools. Results showed that students used web-based tools extensively. Statistically and

practically; significant pre and post changes were observed for student technology use, skill,

and enjoyment, and a reduction in student computer anxiety was also observed.

Similarly, Mitra and Steffensmeier (2000) studied changes in student attitudes and

student computer use in a computer-enriched environment using data from three years of a

five-year longitudinal study. The results indicated that a computer-enriched environment was

positively correlated with student attitudes toward computers in general, their role in teaching

and learning, and their ability to facilitate communication. In addition, there were few

changes in attitudes for students who did not have access to the network.

Doolen, Porter and Hoag (2003) developed a reliable tool for assessing student

attitudes towards the integration of PDAs in a freshman-level engineering course. The

instrument was 43-item Likert-scale self rating questionnaire designed to assess attitudes

towards PDAs in six different areas: confidence, liking, anxiety, enthusiasm, usefulness in

general, and usefulness in the classroom. The results from this study suggested that students
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had fairly positive attitudes towards PDAs when utilized in a traditional classroom setting.

The study also found some relationships between student attitudes towards PDAs and

demographic data including gender, age, and ethnicity.

In the same way, Buckley (2003) reported that evaluation data were collected and

analyzed to compare a traditional classroom, a web-enhanced, and a web-based nutrition

course. The course was attended by 58 undergraduate nursing students during the 2000 and

2001 academic years. The syllabus, textbook, and content of the examination questions were

identical for all three groups. All three groups had equal access to the course instructor

during office hours. A survey of student opinion and instruction was used to evaluate student

perceptions. The survey consisted of 27 items which measured student perceptions of the

instructor's commitment to student learning, the instructor's preparation level, instructor-

student interaction, testing, course objectives, assignments, and textbooks. In addition,

student comments were elicited on the strengths and weaknesses of the course, suggested

course changes as well as general remarks. Although the web-based course received the

lowest mean course evaluation scores and was significantly different from the scores of the

other two instructional methods, qualitative comments revealed both positive and negative

aspects of online instruction. Waker (2001) reported that there is no correlation between use

of computer at school and student attitude towards school.

2.4.2 Student Learning Outcomes

There are many previous research studies focused on understanding the impact of

technology or teaching methods on student learning outcomes as measured by student

performance (test scores or grades). In general, researchers have found either that technology

has a positive impact on student learning outcomes or that technology has no impact on
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student learning. Only few studies, e.g. Waker (2001), found that non-laptop student scoring

was higher for a writing assessment.

Kolar, Sabatini and Fink (2002) conducted the comparative study of laptop usage in a

classroom in a third-year undergraduate engineering course at the University of Oklahoma.

Two sections of a course were offered: one for students who owned laptops and one

traditional section for students who did not own laptops. Enrollment in the laptop section was

voluntary. The two sections were similar in terms of course content and assignments;

however the student groups were different in terms of the average GPA. The average GPA of

the non-laptop section was higher than the laptop section. Student performance was compared

to determine if the laptops helped improve student learning. The findings indicated that the

laptop students performed slightly better than non-laptop students, even though their

composite grade point average entering the course was lower. Evaluations also indicated that

when the technology was used properly and when class time was not spent resolving

technical problems, the laptop students had a more positive learning experience.

Winsler and Manfra (2002) calculated the Pearson correlation coefficients between

WebCT use in a course (number of WebCT hits, reads, and posts) and student course

performance (midterm examination, final examination, and final grade). The Pearson

correlation coefficients were used to test for a relationship between the use of the online tools

and student performance in the course. The authors found that the Pearson correlations

between student WebCT use in the course (number of WebCT hits, reads, and posts) and

course performance (midterm exam, final exam, and final grade) indicated that use of the

online tools was positively associated with performance in the course. Doolen, Porter and

Hoag (2003) also used statistical methods to study the relationship between student

performance as measured by scores on a midteiiii examination and the use of PDAs in a

traditional classroom. The results showed that the introduction of PDAs in a traditional
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classroom improved student performance as measured by scores on a midteiiu exam and

student self-evaluation of learning objectives directly tied to the portions of the course in

which PDAs were used. Lowther, Ross and Morrison (2001) studied the impact of a laptop

program for fifth and sixth grade students. The study measured the impact on three different

aspects -- classroom practices, student behavior and writing ability. A sample of 32 laptops

and 32 non-laptop students was randomly selected to complete the writing test. The writing

was graded based on ideas and content, organization and foiiii, style, and conventions,

Statistical methods were used to compare student performance between the laptop and non-

laptop groups. The results indicated that laptop students had significantly higher performance

than non-laptop students. Siegle and Foster (2001) studied the impact of laptop computers as

well as multimedia and presentation software on student achievement (as measured by course

grades) in anatomy and physiology by using statistical methods. The results indicated that

laptops with accompanying software had a favorable impact on student course grades. Kulik

and Kulik (1986) used statistical methods to study the impact of computer-based education

(CBE) on college student examination scores. The authors indicated that CBE had positive

impact on college students. CBE raised student examination scores by 0.26 standard

deviations on the average. Carlson (2002) reported on the use of PDAs in a psychology class.

The instructor of the course offered class topics, schedules, practice quizzes, and syllabus in

formats that were compatible with student PDAs. The instructor found that the scores of the

students who used the devices were higher than students who did not. Henson, Fridley and

Pollock (2002) indicated that the use of interactive Web-based instructional modules to

supplement the traditional lecture in undergraduate engineering course provided student with

a better understanding of course material. The students who made consistent use of the

modules had a higher understanding and comprehension of the material than the students who
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did not use the modules. The increase in student understanding and comprehension could be

attributed directly to the usage of the modules.

In contrast to these findings, Buckley (2003) reported the evaluation results for a

study comparing the impact of a traditional classroom, web-enhanced, and web-based course

in nutrition taken by undergraduate nursing students. Evaluation measures included midterm

and final examination scores, course grades, and student self-reports of multiple course

details. No differences were found in student learning outcomes (midterm, final examination

scores, and course grades). Lewis (2004) also reported that there was no significant impact

on student achievement in subject areas of reading comprehensive, math application and

writing between the sixth-grade laptop and non-laptop students.

2.4.3 Teaching and Learning Processes

Lowther, Ross and Morrison (2001) reported that observations were used to collect

data to see whether teaching was different in a laptop classroom. The results indicated that

laptop classes were being taught differently than non-laptop classes. Laptop classes

incorporated technology to a much greater degree and tended to employ more student-

centered strategies. Teaching and learning were modified in ways that promoted active

learning and technology application. Laptop students were more active, autonomous, and

collaborative in their classroom behaviors. Similarly, student learning processes also appear

to be affected by technology integration. Winsler and Manfra (2002), for example, used

surveys to assess student perceptions of the usefulness of the web-based course tools for

improving learning, motivation, and communication. The study indicated that most students

perceived the web-based tools to be quite useful for improving student learning, student

motivation, and course communication. Kolar, Sabatini and Fink (2002) also reported that

class dynamics were consistently better in the laptop section (compare to the non-laptop
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section), which was reflected in the much higher class participation score. Lewis (2004)

found that students with full-time laptop access, when compared with not having laptops,

believed that their organizational skills were strengthened. Similarly, Bauer and Ulrich (2002)

conducted a study of PDA usage on 26 sixth graders. They found that students given PDAs

were better organized, requested more information about assignments, and created

collaborative groups to complete projects.

2.4.4 Impact of Previous Experiences with Technology on Student Attitudes and Student
Learning Outcomes

In the literature review, Byrd and Koohang (1989) used statistical methods to

determine whether existing computer usage or the expectation of future usage led to

differences in subject attitudes toward the usefulness of computers. The results of the study

indicated that present usage of computers was a significant factor on subject attitudes toward

the usefulness of computers. Subjects who were using a computer felt more positive about the

usefulness of computers than subjects who were not using computers at the time of the

survey. Necessary and Parich (1996) studied the relationships between computer usage and

computer-related attitudes and behaviors using statistical methods. The authors found that

increased levels of computer experience and weekly computer usage were related with

reduced levels of computer-related anxiety, enhanced computer confidence, greater computer

knowledge, and increased liking for computers. Loyd and Gressard (1984) reported that

computer experience was found to be significantly related to more positive attitudes. Karsten

and Roth (1998) used statistical methods to study the relationship between prior computer

experience and student perceptions of computer efficacy and between prior computer

experience and performance in an introductory computer literacy courses. The results

suggested that although a wide variety of computer experiences enhanced student perceptions

of their computer competencies, only those experiences that develop or enhance the specific
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computer skills defined to comprise computer literacy in a particular context were likely to

have an impact on course performance. The results indicated that computer self-efficacy was

found to be significantly related to computer-dependent course performance. However, the

relationship was not particularly strong.

2.4.5 Cost, Cost-Effectiveness and Cost-Utility

There are numerous types of MWT that can be used in the classrooms. It is possible

that all MWT devices, when well-implemented, will have a positive impact on students.

Normally, the selection of a MWT would be based on identifying the MWT that either has the

greatest impact or has the lowest cost. However, due to financial limitations especially in

educational environments where there is little funding for purchasing equipment and building

computing infrastructure, the "best" alternative for classroom usage is often debated and

criteria used to choose among various alternatives are rarely discussed. Hazen (1987)

suggested a general set of criteria applicable for choosing among instructional software tools

from four different perspectives -- content specialist or instructor, instructional designer or

analyst, programmer, or administrator. However, in most cases it is extremely difficult to find

the ideal alternative when all perspectives are considered. For example, an instructor may

choose an alternative that enhances student outcomes the best; whereas an administrator or

decision maker may choose the alternative that is least expensive. Finding an alternative that

meets as many criteria as possible is important.

In an environment where significant budget constraints are a reality, it is essential that

educators have a methodology to assist them in evaluating how to best spend limited financial

resources. This methodology should enable trade-off's between different MWT's and be

based on both cost factors as well as impact or consequences in the classroom. There is some

limited previous research providing a foundation for evaluating the cost of the integration of
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MIWT and for evaluating the cost-effectiveness of using MWT. Most evaluations however

consider only the impact of alternatives and not the cost. Costs are rarely taken into account.

This study focused not only on outcome assessment, but also in developing a methodology

for determining cost-effectiveness. This more complete evaluation provides critical

information to both instructors and decision makers in higher education to more fully evaluate

the impact of MWT's.

Levin and McEwan (2001) suggested three models of cost analysis for weighing the

cost of an educational alternative against its outcomes: cost-effectiveness, cost-utility, and

cost-benefit analysis. All three methods use the same structure by foll1ling a ratio between

costs and either the impact, the utility or the benefit. All three methods rely upon the same

cost estimates gathered by the ingredients method (Levin, 1983). The only difference is

detennining the impact or utility or benefit. Cost-effectiveness analysis compares two or more

alternatives according to their impact and costs in accomplishing a particular objective e.g.,

raising student learning achievement. By combining infoiiiiation on impact and costs, the

evaluator can determine which alternative provides a given level of impact at the lowest cost

or, conversely, which alternative provides the highest level of impact for a given cost. It is a

useful mechanism for evaluating alternatives that have a limited number of objectives, but, it

is difficult to interpret results when there are multiple measures of the impact.

Cost-utility analysis provides a means of combining disparate measures of impact into

a summative measure. The evaluator first conducts an impact analysis. In a cost-utility

analysis, the evaluator assesses the overall utility of stakeholders, or their satisfaction with a

number of alternatives. To measure utility, the evaluator attempts to obtain individual

preferences for the relevant measures of impact, such as student learning achievement,

student attitudes, and so on. These measures produce a set of utility weights that can be used

to obtain a summary measure of utility for each alternative. Once this is accomplished, the
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analysis proceeds much like a cost-effectiveness analysis. For a cost-benefit analysis, the

methodology is similar to both cost-effectiveness and cost-utility methods, except the

outcomes of an educational alternative are directly expressed in monetary tei ins.

The three key outcomes measured in this research (contribution to achieving class

learning objectives, impact on student learning achievement, and impact on student attitudes)

are difficult to evaluate in monetary teiiiis. As a result, the cost-benefit analysis will not be

used. The focus of the remainder of this section of the literature review will be on

summarizing previous research on cost-effectiveness and cost-utility analyses. Both methods

will also be discussed further in Chapter 3.

2.4.5.1 Cost-Effectiveness Analysis

Early work by Alkin (1970) discussed the use of cost-effectiveness analysis in the

evaluation of instructional programs instead of using cost-benefit analysis which required the

monetary specification of benefits. The cost-effectiveness analysis enables the evaluator to

compare educational outcomes with different units as well as outcomes that cannot be

expressed in monetary units. The most referenced study using cost-effectiveness analysis in

education is the study completed by Levin (1984). Levin developed a methodology to

evaluate both costs and costeffectjveness of computer-assisted instruction (CAl). Several

researchers replicated Levin's approach in subsequent studies. For example, Levin, Glass, and

Meister (1984) studied the cost-effectiveness of four different educational interventions to

improve elementary school reading and math scores. Levin, Leiterner and Meister (1986)

studied the costs and cost-effectiveness of eight interventions using CAT to improve student

learning. Most recently, Dean (1989) developed a model for evaluating the cost-effectiveness

of computer-assisted instruction in a university based on Levin's approach.
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In Levin's approach (1983, 1984), there are three steps for evaluating the cost and

cost-effectiveness. The author studied the cost-effectiveness of each alternative by

synthesizing a large number of existing studies on each alternative. First, an assessment of

impact was completed. Second, a cost estimate for the intervention was detejjiiined. Finally a

cost-effectiveness ratio (size of effect for each $100 of cost per student) was then computed.

A meta-analysis was carried out for each of the general alternatives in order to estimate the

range of effect sizes on mathematics and reading achievement. Effects or impact of the

alternatives were converted into standard scores or effect sizes in terms of standard deviation

units. In order to do the cost analysis, the exact ingredients needed for a particular application

of an alternative were specified, and an annual cost was determined for each ingredient. The

summation of these costs provided an estimated total annual cost for each intervention.

Finally, the cost per student was derived by dividing the total annual cost figure by the

number of students served. The costs included only those additional resources required to

reproduce the alternative in new settings but not the costs associated with the initial

development activities or evaluations that created and assessed the intervention, While some

researchers contend that Levin's approach was not sensitive to the accuracy of the estimation

and disagree with some of the assumptions that were used in the study (Niemiec, Blackwell &

Walberg, 1986), the methodology is still applicable in many areas.

2.4.5.2 Cost-Utility Analysis

Cost-effectiveness analysis is limited when trying to interpret multiple measures of

impact. For this research there were three main measures of impact to be considered. As a

result, cost-utility analysis is a better approach. The use of cost-utility analysis is common in

healthcare research; however the use in education is rare (Levin & McEwan, 2001). Fletcher,

Hawley and Piele (1990) illustrated the methodology for comparing the costs, effects, and



51

utility of mathematics instruction assisted by microcomputer presentations against a

traditional classroom approach. The three performance attributes or outcomes were student

mathematics achievement, student mathematics attitudes, and computer literacy. The different

outcome measures were converted to a common metric: percentile ranks. The cost-

effectiveness of each alternative for effecting mathematics achievement was calculated by

calculating the ratio of cost per student to achievement gain for each achievement outcome.

The utility of an outcome was measured by asking several respondents, such as school board

members, to rate the importance of the outcome using a Likert scale and then by aggregating

the ratings to obtain an overall utility for each outcome. Each of the seven members of the

board of education was interviewed to deteiiiiine the relative utility for each of the three

performance attributes. The respondents were asked to assume that a value of 10 had been

assigned to mathematics achievement. They were then asked to assign on a scale of 0 to 20

proportionally higher or lower ratings to mathematics attitude and computer literacy. The

costs of both microcomputer assisted instruction and traditional instruction were collected by

using the ingredients approach. The cost-utility ratio of each alternative was then calculated

by applying the following formula:

Cost-utility
C

(2.1)
(X XU )+(YxU )+(ZXUz)

where C is the cost per student per alternative, X, Y, Z are the mean changes in

achievement test score, mathematics attitudes test score, and computer literacy score

respectively, and Ux Uy, Uz are the utility of X, Y, Z as assessed by the interviewees

respectively. The lower the cost-utility ratio is, the greater the cost-utility of the alternative.

Lewis (1989) also suggested that the cost-utility decision model could be used in

decision making in business education. A cost-utility analysis for the selection of curricula or
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instructional strategies for teaching of keyboarding in business education was demonstrated.

The performance attributes or learning dimensions (the perceived outcomes/learning/benefits

from the alternative instructional strategies) for keyboarding were speed, accuracy and the

number of applications.

The procedure proposed by Lewis was slightly different from that suggested by

Fletcher, Hawley and Piele (1990). Fletcher, Hawley and Piele ranked the performance

attributes regardless of the alternative; whereas in Lewis, the stakeholders assessed each of

the multiple perfoiiiiance attributes separately for each of the alternatives. The stakeholders

were asked to rank each of the three performance attributes for each project on a scale of 0 to

100. For this ranking, a "0" is the lowest and a "100" signifies the highest likely contribution

to that performance attribute. Every performance attribute was compared against that same

perfoiinance attribute for all the alternatives and ranked with a score between 0 and 100.

These values for each performance attribute of every alternative given were then summed and

averaged to provide an overall rating. Thus, every alternative had three average utility scores,

one for each performance attribute (assigned utility value).

Costs were standardized in per-student terms using the ingredients approach. With the

costs also known for each alternative, such values (units of utility) could then be compared on

a cost-utility basis. If the importance of each of the three performance attributes was equal, a

utility-cost ratio was the ratio between the total score (obtained by adding the utility scores

for each of the three attributes) and the cost. If the three perfoniiance attributes had different

priorities, these relative importances could be converted into proportional weights, and the

total weighted score was found using the sum of the products derived from multiplying the

proportional weights for each attribute with their assigned utility value. The weighted utility-

cost ratio was the ratio between the total weighted score and the cost. The cost-utility model
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proposed by Lewis does not consider the actual impact results of the performance attributes

of each alternative. The utility is obtained solely by the stakeholders' assessment.

A similar model to Lewis was also used in a comparative cost and utility analysis of

three models of service delivery to improve educational outcomes for special needs students

by Pruslow (2001). This model is representative of cost analysis studies in which quantitative

outcome data such as test scores are unavailable (Pruslow, 2001). The method used for

identifying and calculating the costs of special education was the Resource Cost Model

(RCM) approach which was rooted in Levin's ingredients approach (1983). The utility scales

were rated by the stakeholders. Selected school district representatives were asked to rate

each model based on their assessment of its value or utility in assisting their special education

students to achieve grade appropriate language arts goals and grade appropriate mathematic

goals as defined by the learning standard for all New York state students. A respondent's

score for each goal was then found by calculating the product of its utility rating (a score from

0 to 10 where 0 means no preference or support and 10 means unqualified support) and

probability rating (a score from 0 to 10 where 0 means no probability for success and 10

means grade level achievement). A respondent's total math scores for each model was

calculated as the average of the four utility and probability products for each model. Thus for

each respondent, each of the four math goal products were averaged for each of the three

models. Then, for each respondent, a final combined score was calculated for each of the

three models by totaling respondent math and language arts score for each model. Finally,

scores for each model were averaged to identify final utility scale rating for each model. The

cost-utility ratio was then calculated by the average total utility scores for each model.

divided by the cost per student calculated for each model.

Table 2.5 compares the cost estimation, the cost-effectiveness and the cost-utility

methodologies described in previous research.



Table 2.5. Comparison of cost estimation, cost-effectiveness and cost-utility methodology of previous research.

Authors Research Settings Cost Estimation
Cost-Effectiveness

Methodology
Cots-Utility Methodology

Fletcher,
Hawley
& Piele
(1990)

Illustrated the
methodology for
comparing costs,
impact, and utility of
mathematics
instruction assisted by
microcomputer
presentations against
a traditional
classroom approach.

Costs were
collected using
the ingredients
approach

The cost-effectiveness
of each alternative for
mathematics
achievement was
calculated by
calculating the ratio of
cost per student to
achievement gain for
each achievement
outcome.

- The utility of an outcome was measured by asking several respondents to
rate the importance of the performance attributes (regardless of alternatives)
using a Likert scale and then by aggregating the ratings to obtain an overall
utility for each performance attribute.

- The cost-utility ratio for each alternative was then calculated as
c

(X xU )+(yxU )+(ZxU)
X Y

Lewis
(1989)

Illustrated a cost-
utility analysis for the
selection of curricula
or instructional
strategies br teaching
keyboarding in
business education

Costs were
collected using
the ingredients
approach

- - The cost-utility model does not consider the actual impact results of the
performance attributes of each alternative. The utility is obtained solely by
the stakeholders' assessment.

- The stakeholders assessed each of the multiple performance attributes
separately for each of the alternatives.

- The importance values assessed by the stakeholders for each performance
attribute of every alternative given were summed and averaged to provide an
overall rating. Every alternative had three average utility scores, one for each
performance attribute (assigned utility value).

- If the importance of each of the three performance attributes was equal, a
utility-cost ratio was the ratio between the total score (obtained by adding the
utility scores for each of the three attributes) and the cost.

- If the three performance attributes had different priorities, these relative
importances could be converted into proportional weights, and the total
weighted score was found using the sum of the products derived from
multiplying the proportional weights for each attribute with their assigned
utility value. The weighted utility-cost ratio was the ratio between the total
weighted score and the cost.



Table 2.5. Comparison of cost estimation, cost-effectiveness and cost-utility methodology of previous research (Continued).

Authors Research Settings Cost Estimation
Cost-Effectiveness

Methodology Cots-Utility Methodology

Pruslow
(2001)

Illustrated a
comparative cost and
utility analysis of
three models of
service delivery to
improve educational
outcomes for special
needs students

Costs were
collected by
using the
Resource Cost
Model (RCM)
approach which
was rooted in
Levin's
ingredients
approach
(1983).

- - Stakeholders were asked to rate each model based on their assessment of its
value or utility in assisting students to achieve four grade-appropriate language
arts goals and four grade-appropriate mathematics goals.

- A respondent's score for each goal was found by calculating the product of its
utility rating and probability rating

- A respondent's total math scores for each model was calculated as the
average of the ftur utility and probability products pertaining to each math
model. For each respondent, each of the four math goal products were
averaged for each of the three models. Then, for each respondent, a final
combined score was calculated for each of the three models by totaling
respondent's math and language arts score for each model. Finally, scores for
each model were averaged to identify final utility scale rating for each model.

- The cost-utility ratio was then calculated by the average total utility scores for
each model, divided by the cost per student calculated for each model.



2.5 Summary

The definitions of instructional processes and the educational system elements, as well

as the application of Integrated Definition Language 0 (IDEF0) to represent instructional

processes provided context for the process analysis in this research. Constructivist theory has

been used as the theoretical basis for this research. The evaluation methodologies from a

variety of studies, in both the MWT and closely-related technical application areas, such as in

web-based applications or in computer-aided instruction (CAT) in K-12 and higher education,

were analyzed to develop the set of research methodologies to assess impact of MWT in

higher educational classrooms using multiple outcomes. The five different areas of evaluation

were used. They are: (1) student attitudes towards technology and the usage of technology in

education, (2) student learning outcomes, (3) teaching and learning processes, (4) impact of

previous experiences with technology on student attitudes and student learning outcomes, and

(5) cost, cost-effectiveness and cost-utility. Table A. 1 in Appendix A summarizes previous

research findings as they relate to the evaluation of technology use in classroom settings.
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CHAPTER 3

METHODOLOGY

In this chapter, the research methodology used to investigate the research questions

outlined in Chapter 1 is described. The chapter begins with the discussion of a systems

engineering based method for evaluating the impact of MWT in higher education classrooms.

Key instructional processes are defined to provide context for the remainder of the chapter.

The variables, participants and the descriptions of the courses included in this study, data

collection instruments and protocols, as well as research design and analysis, are then

discussed. The chapter concludes with a discussion of a methodology to evaluate and

compare the cost, cost-effectiveness and cost-utility of different MWT configurations.

This research was extended from previous work (Doolen, Porter & Hoag, 2003) which

focused on the development of an instrument or questionnaire to evaluate student attitudes

towards technology in the classroom and on a method to assess the impact of technology on

student learning. In this previous research, PDAs were introduced in an introductory

engineering course at OSU in Winter tei in 2002. A reliable attitude assessment survey was

developed. Standard student performance metrics (course assignment and exam scores) and

student opinion surveys were used to assess the impact of MWT on student learning. This

research is an extension to the previous work and covers other types of MWT, additional

implementations, multiple courses and other aspects of impact.

3.1 Systems Engineering Based Method

The methodology to evaluate the impact of MWT for higher education classroom

usage was developed based on systems engineering concepts. Three steps of system

engineering activities; formulation, analysis and interpretation of the impact of the alternative
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(the use of MWT in higher education classroom) were used. This section discusses each of

these three steps. Figure 3d illustrates the steps and examples of the systems engineering

tools/techniques used to evaluate the impact of MWT in the higher education classrooms.

Steps

Formulation

Problem Definition

Value System Design

Analysis

4/

Interpretation

Examples of Supporting
Tools/Techniques

IDEF0

Objectives Hierarchies
or Trees and QFD

Engineering Economics
Analysis,
Statistical Techniques,
Educational Evaluation
Methodologies,
Qualitative Method

Figure 3.1. Steps and examples of systems engineering tools/techniques used for
evaluating the impact of MWT in higher education classrooms.

3.1.1 First Stage: Formulation

There are two sub-steps in the first stage of formulation: (1) problem definition and

(2) value system design. This section discusses each of the two sub-steps.

3.1.1.1 Problem Definition

The problem definition stage identifies a set of needs and constraints associated with

the foiiiiulation (Sage & Armstrong, 2000). It is critical to clearly define and understand the

process of interest (i.e. the instructional processes) and the interrelated elements. Instructional

processes are complex. The details of these processes are also difficult to identify. In industry,
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many companies, such as Lockheed-Martin, General Motors, and Rockwell International,

have used Integrated Definition Language 0 (IDEF0) for representing their processes as part

of process improvement or reengineering efforts (Zakarian & Kusiak, 2001). IDEF0 provides

a graphical mechanism for representing key processes, process relationships, and entities. In

this study, an IDEF0 model was created to visually represent the complex relationships

associated with teaching and learning processes in the classroom. The inputs, functions,

controls, mechanisms and outputs of the instructional processes were defined. The system

constraints and variables were also identified.

The section begins with a discussion of the instructional processes in MWT

classrooms. This is followed by a discussion of the use of modeling in describing

instructional processes. The dependent, mediating and independent variables identified as a

result of the IDEF0 model are also discussed.

3.1 .1 .1.1 Instructional Processes in MWT Classrooms

Researchers have created comprehensive descriptions and definitions of instructional

processes. While different definitions have been offered, numerous studies have explained

instruction as a system composed of many sub-processes. Hough and Duncan (1970), Davies

(1981), and Armstrong, Denton and Savage (1978) define "instruction and teaching" as an

activity with sub-processes including planning, instructing and interacting with learners,

measuring, and evaluating the effectiveness of instruction. Each sub-process can be further

broken down. For example, planning may include activities such as identifying objectives,

diagnosing learners, and designing or selecting instructional strategies.

In a MWT classroom, instruction can be represented with five sub-processes; (1) plan

for instruction, (2) perform instruction, (3) assess student performance and achievement, (4)

evaluate the course, and (5) determine future improvements. Although the major steps of the
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instructional processes in the MWT and non-MWT classrooms are common, the details are

different in a number of ways. In the MWT environment, the teaching pedagogy may be

different from those used in a more traditional course (Lowther, Ross & Morrison, 2001). The

instructor is no longer focused oniy on the presentation of materials; rather the instructor

becomes a facilitor of learning. Instructors may have to plan and design for providing

students with a collaborative situation (e.g. creating class activities and exercises), rather than

only planning to present the materials as in a traditional lecture based course. In a MWT

classroom, students must also plan. As with a traditional classroom, this includes activities

such as reviewing prerequisites or class materials. Students may also have to become familiar

with the required MWT before coming to class and must also plan to bring the MWT devices

to the classroom. The student roles in the MWT classroom are not only to absorb instructional

presentations, but also to explore and participate in the learning environment.

In the second sub-process (performing instruction), the MWT classroom may differ

from a traditional classroom. Previous research indicates that the use of MWT enhances

interactions (both instructor-student and student-student interactions), participation,

discussion and collaborative learning. Lawrence (2002) found that laptop classrooms, using

in-class exercises to reinforce the concepts just presented, encourage students to be actively

involved in the learning process. Lowther, Ross and Morrison (2001) reported that teaching

was different in a laptop classroom. Laptop classes incorporated technology to a much greater

degree and tended to employ more student-centered teaching strategies. Avanzato (2001)

reported that classroom activities using PDAs helped highlight course topics and enhanced

active and collaborative learning experiences in both the classroom and laboratory. MWT

devices have also been designed to allow students to respond to questions or prompts. In

these MWT systems, responses are collected and summarized for display This enables



61

instructors to assess student understanding of a concept and increases the level of student

participation even in large classrooms.

In the third sub-process, instructors assess student performance and achievement.

Some of the activities include creating or selecting instruments to measure student learning

and communicating with students about the assessment objectives. Assessment in the MWT

classroom may differ from assessment in a traditional classroom. Assessment in the MWT

classroom includes the evaluation of performance and processes such as the interaction of and

collaboration among students. Burnstein and Lederman (2001) reported that asking students

questions and having students performing tasks with the MWT allows the instructor to

determine student levels of attention, understanding, thinking, concept recognition, as well as

the level of pre-class preparation. The assessment in a MWT classroom must be integrated

throughout the curriculum rather than only in the final products. Class activities, exercises,

group work, and projects all must be used to assess learning.

In the fourth sub-process, students evaluate the course and give feedback to the

instructor for future improvement. In this sub-process, getting feedback can happen both

ways (from instructors to students and vice versa) and anytime during the instructional

processes, not only in the final class evaluation. Students can get prompt feedback from the

instructor. Instructors can also evaluate and get feedback on their perfoiuiance in real time

(Burnstein & Lederman, 2001). Last but not least, in the fifth sub-process, feedback from

students and instructor self-evaluations are used to plan for future improvements.

Instruction is a systematic process in which every component (e.g. instructor, students,

instructional materials, and learning environment, etc.) is crucial to successful learning. All

components in the process must interact effectively in order to bring about the desired

outcomes. Kaufman (1972) defined the "education process" as a process for providing

learners with (at least minimal) skills, knowledge, and attitudes so that they may live and
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produce in the society when they legally exit from the educational agencies Kaufman (1988)

stated that an educational enterprise is dynamic, not linear or lock-step. Activities and their

results flow back and forth within the educational system. Educational inputs are applied to

doing things (processes) which have results (products, outputs and outcomes). Sometimes a

result is seen as an input to another process which builds still another product. From this

perspective, IDEF0 functional modeling provides a graphical mechanism for representing key

processes, process relationships and entities (infonnation or objects) and can be used to depict

the instructional processes in classrooms. An IDEF0 model was created to visually represent

the complex set of relationships associated with the teaching and learning processes in a

MWT classroom.

3.1.1.1.2 IDEF0 Functional Modeling for Instructional Processes in MWT Classrooms

In the MWT classroom instructional process, inputs are students with existing

abilities, knowledge, attitudes, and technology experiences. Controls are MWT availability,

usability, curriculum, other requirements and regulations (e.g. ABET criteria, etc.), institution

policies (e.g. academic honesty, class length, class size, etc.), classroom policies (e.g.

syllabus, learning objectives, curriculum, etc.), and the physical learning environment (e.g.

building, classroom, etc.) Mechanisms are material, equipment, technology (both hardware

and software), instructors, as well as other students. Students have important roles in MWT

instructional processes. They are both inputs which are changed by the processes and

mechanisms which perform the functions. Outputs are observable changes in abilities,

knowledge, attitudes, and technology experiences in students. Figure 3.2 illustrates the IDEF0

A-O (context) node of the instructional process. In the MWT classroom instructional process,

students with existing abilities, knowledge, attitudes, and technology experiences enter the

system, then are transformed by the instructional process, and leave the processes with
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observable changes in abilities, knowledge, attitudes, and technology experiences. An

evaluation of the impact of MWT on student learning and attitude must focus on assessing

both changes in student attitudes and learning outcomes.

Functii,n: a goal-
directed process

Student: with existing
abilities, knowledge,
attitudes, and technology
experiences

inputs: systems and other entl!ies
that are changed by the function

Mechanisms' actors (humans,
machines) that perform the function

Figure 3.2

MWT availability, usability, etc.

Curriculum
Controls: entities that define
the goal for and guu!e,
facilitate, or constrain the

Other requirements and regulations function
(e.g ABET criteria, etc.)

Insutution policies (e.g. acadensic honesty, class length, class size etc.)

Classroom policies (syllabus, learning objectives, curriculum)
Physical learning environment (e.g. building, classroom, etc.)

Execute
instructional

Process
0

Instructor

Students

Student: observable
changes in abilities,
knowledge, attitudes, and
technology experiences

Oulpats' the results of
performing the function

Matenal, equipment, technology (both hardware and software)

IDEF0 A-0 diagram of the instructional processes context. From "IDEF
functional modeling for instructional processes in mobile wireless technology
classrooms," by Chompu-inwai, R. & Doolen, T. L. (2004), Proceeding of the
34th International Conference on Computers & Industrial Engineering, San
Francisco, CA, p.63. Copyright © by the 34th International Conference on
Computers and Industrial Engineering. Reprinted with peiuiission.

The instructional process was decomposed using the IDEF technique. The results at

the AD level (IDEF0 AD diagram for the instructional processes) are shown in Appendix B.

There are five major interrelated functions at the AD level: Plan for Instruction (Al), Perform

Instruction (A2), Assess Student Perfotlllance and Achievement (A3), Evaluate Course (A4),

and Detetinine Future Improvements (A5). There are also informational relationships existing

among the functions. The functions and sub-functions were decomposed further. The
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functional hierarchy is shown in Appendix C to provide a high-level view of the

decomposition.

Based on the non-MWT and MWT IDEF models, a comparison of the elements was

completed. Figure 3.3 summarizes the significance of the role of inputs, controls, and

mechanisms to the instructional processes in both MWT and non-MWT classrooms based on

IDEF functional modeling analysis. In the MWT classroom, students have very important

roles in the instructional processes, whereas in the traditional lecture-based classroom, the

instructor is primary. The MWT and other material, equipment, technology (both hardware

and software) are very important in the MWT classroom; however the physical learning

environment (e.g. building, classroom, computer lab, etc.) is crucial in the non-MWT

classroom. The MWT classroom can be anywhere; however, the non-MWT classroom is

more dependent on a particular physical layout. These proposed comparisons will be analyzed

further in Chapter 5. IDEF0 modeling techniques were used to help in defining and

describing instructional processes in higher education classrooms. In particular, the use of

IDEF0 has been valuable in understanding instructional processes associated with the added

complexity of a technology element. The framework described was used for evaluating the

impact of the teaching methods used in mobile wireless classrooms. This framework provides

educators with a model for instructional process analysis for course redesign or improvement,

as well as for evaluating the impact of changes.



Figure 3.3

3.1.1.1.3 Research Variables

The dependent, mediating and independent variables were identified as a result of the

IDEF0 model. This section describes the independent, mediating and dependent variables for

this research. The independent variable in this study is different applications of MWT in the

classroom. The mediating variable is a student's previous experiences with mobile

technology. The dependent variables are student attitudes, student learning outcomes,

teaching and learning processes, and student and instructor perceptions of MWT contribution

towards meeting learning objectives. Table 3.1 summarizes and describes the independent

variables, mediating variable and dependent variables included in this study.

Comparison of the significance of inputs, controls, and mechanisms in
instructional processes in MWT and non-MWT classrooms. From "IDEF
functional modeling for instructional processes in mobile wireless technology
classrooms," by Chompu-inwai, R. & Doolen, T. L. (2004), Proceeding of the
34th International Conference on Computers & Industrial Engineering, San
Francisco, CA, p.65. Copyright © by the 34th International Conference on
Computers and Industrial Engineering. Reprinted with permission.
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MWT
classroom

Non-MWT
classroom

Inputs
- Student with existing abilities, knowledge, attitudes,

and technology experiences
+ o

Controls
- MWT availability, usability, etc. + -
- Curriculum o
- Other requirements and regulations (e.g. ABET criteria, etc.) o o
- Institution policies (e.g. academic honesty, class length, class size, etc.) + o
- Classroom policies (e.g. syllabus, learning objectives, curriculum, etc.) + o
- Physical learning environment (e.g. building, classroom, etc.) - +
Mechanisms
- Instructor + +
- Students o
- Material, equipment, technology (both hardware and software) + o

+ very important o moderately important - = unimportant



Table 3.1. Summary of independent, mediating and dependent variables

3.1.1.2 Value System Design

The value system design involves the identification of a Set of objectives and

objectives measures (Sage & Armstrong, 2000). The set of objectives of the instructional

processes were identified. Kaufman (1972) defined the "education process" as a process for

providing learners with (at least minimal) skills, knowledge, and attitudes so that they may

live and produce in the society when they legally exit from educational agencies. Consistent

with this definition, the objective of the instructional process was defined as providing

students with observable changes in skills, knowledge and attitudes. Additionally, the specific

objectives for the use of MWT in the classroom were defined based on the objectives of the

OSU, COE wireless laptop initiative as stated by the current Dean (Adams, n.d.). (See
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Research Variables Description
Independent
Variables

I. Different Applications of
MWT in the Classroom

The impact of different applications of MWT in the
classroom on multiple outcomes (dependent variables)
was evaluated.

Mediating
Variable

1. Previous Experiences
with Mobile Technology

The relationships between previous experience with
mobile technology on student attitudes and learning
outcomes were evaluated.

Dependent
Variables

1. Student Attitudes
towards MWT and the
Usage of MWT

Student attitudes towards MWT and the usage of
MWT were studied in six different areas - confidence,
liking, anxiety, enthusiasm, usefulness in general, and
usefulness in the classroom.

2. Student Learning
Outcomes

Student work samples (homework) were used to study
the impact of MWT usage in the classroom on student
learning.

3. Teaching and Learning
Processes

The study focused on how the use of MWT changed
the teaching and learning processes, interactions
between instructor and students, and interactions
between students.

4. Student and Instructor
Perceptions of MWT
Contribution towards
Meeting Learning
Objectives

The study focused on the extent to which students and
instructors think the use of MWT contributed to
meeting class learning objectives.
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Appendix D). As a result, the measured attributes were specified as the use of MWT as a

"supplement" to existing instruction, rather than a "replacement" for existing instruction. The

impact was measured in tern-is of improvement in (1) student attitudes towards MWT and the

usage of MWT in classroom, (2) student learning outcomes, (3) teaching and learning

processes, and (4) the contribution of MWT to meeting learning objectives.

3.1.2 Second and Third Stages: Analysis and Interpretation

In the second stage, analysis to determine the impact of various MWT alternatives

was completed. Four specific impacts were determined based on the measured attributes of

the use of MWT as described in previous stage. In addition, a study to investigate the impact

of previous experiences with mobile technology was also conducted, This section discusses

participants and the descriptions of the courses included in this study, instruments and data

collection protocols, as well as research design and analysis, used to deteiiiiine the impact.

The third stage, interpretation of the impact involves evaluating and interpreting the

extent to which the use of MWT achieved the set objectives. The impacts were evaluated and

interpreted from the perspectives of multiple stakeholders (i.e. decision makers, instructors,

and students). Results of this stage are summarized in section 5.4.

3.1.2.1 Research Participants

The participants in this study included instructors and students taking specified

engineering and non-engineering classes at OSU in eight different terms during the 2002-

2005 school years. The courses were taught in Winter term 2002, Spring teiin 2002, Winter

teiin 2003, Spring term 2003, Fall term 2004. Winter term 2004, Winter term 2005 and

Spring term 2005. All courses included in this study were offered for only undergraduate

students, except IE 411 that enrolled both undergraduate and graduate students. These courses
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all used some type of MWT in an effort to enhance the learning experience of the students.

The subject population was restricted to those instructors and students taking courses in

which MWT was used but was not limited based upon gender or ethnic background. All

participants were at least 18 years old. Table 3.2 summarizes the courses included in this

research, as well as course enrollment, the devices used in each course, the availability of

wireless capability and the distribution method used for the MWT devices. The following

section discusses the topics and contents of each course included in this research.



Table 3.2. OSU MWT-based course summary, devices used, wireless capability and distribution method.

Course Name Term
Student

Enrollment

MWT

Device
Wireless

Capability Distribution Method

ENGR 112 Engineering
Orientation II

Winter 2002 72 FDA No Students checked out devices as they arrived and checked in
devices before they left the classroom.

Spring 2002 52 FDA No Students checked out devices as they arrived and checked in
devices before they left the classroom.

Winter 2003 73 PDA Yes Devices were loaned to the student for the duration of the term.

Spring 2003 36 PDA Yes Devices were loaned to the student for the duration of the term.

Winter 2004 137 Laptop No Students checked out devices as they arrived and checked in
devices before they left the classroom. Groups of 2-3 students
shared laptops in the classroom.

Winter 2005 85 Laptop Yes Students owned the laptops used.

IE 411 Visual Winter 2004 25 Laptop Yes Devices were loaned to the student for the duration of the term.
Programming for
Industrial Application

PH 202 General Physics Winter 2004 480 PRS Yes Devices were loaned to the student for the duration of the term.

CHE 101 Chemical Fall 2004 70 Laptop Yes Students owned the laptops used.
Engineering Orientation

CHE 102 introductory Winter 2005 85 Laptop Yes Students owned the laptops used.
Chemical Engineering
Computation

ST 314 introduction to
Statistics for Engineers

Spring 2005 103 Laptop Yes Students checked out devices as they arrived and checked in
devices before they left the classroom.

CE 102 Civil Spring 2005 120 Laptop Yes Students owned the laptops used.
Engineering I : Problem
Solving and Technology



3.1.2.1.1 Engineering Orientations II (ENGR 112)

This class is the second introductory engineering orientation course for engineering

freshmen at OSU. There were approximately 110-130 students per year, primarily

engineering majors or students from exploratory studies (students who were considering

engineering as a possible degree option) enrolled in this class. One of the objectives of this

course is to expose students to a broad range of engineering problems and to demonstrate the

critical problem solving and computing skills needed to address these problems. In the teiins

included in this research, the course was composed of lectures supplemented with a one hour,

fifty minute computer lab where students learned to apply off-the-shelf applications such as

Microsoft Excel and Visual Basic to engineering problems. The same instructor taught this

class for all terms included in this research. However, only Winter term 2004 and Winter term

2004 used the same class material, textbook, computer laboratory facilities, overall syllabus

and a similar homework structure.

Different. types and configurations of devices were used in the classroom in each term.

PDAs were used in Winter term 2002, Spring term 2002, Winter term 2003 and Spring term

2003. Laptops were used in Winter term 2004 and Winter teiiii 2005. Due to the limited

availability of devices, students had to check out devices as they arrived and to check in

devices before they left the classroom in Winter term 2002, Spring term 2002 and Winter

term 2004. In Winter term 2004, groups of 2-3 students shared laptops in the classroom. In

Winter term 2003 and Spring term 2003, there were sufficient devices for students to use the

devices for the duration of the term. In Winter teun 2005, all freshman engineering students

were required to supply their own laptop for in-class usage. Wireless capability was available

only in Winter term 2003, Spring term 2003 and Winter term 2005. MWT was used in

lectures and was used on a regular basis in all terms.
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3.1.2.1.2 Visual Programming for Industrial Application (IE 41]

This course covers the concepts of object-oriented modeling, Unified Modeling

Language, software development concepts, file and database connectivity, and visual

programming skills (Microsoft Visual Basic) for use in developing industrial applications.

The course was composed of only lectures. There were approximately 25 students per year

enrolled in this class, primarily IME majors. The course enrolled both undergraduate (seniors)

and graduate students. Laptops with wireless capability were loaned to students for the

duration of the term. Laptops were used on a regular basis.

3.1.2.1.3 General Physics (PH 202)

This course covers a broad spectrum of classical and modem physics with

applications and was for non-engineering sophomores. There were approximately 480

students per year enrolled in this class. The course was composed of lectures supplemented

with a one hour, fifty minute lab and a fifty minute recitation. PRS devices with wireless

capability were loaned to students for a fee for the duration of the term. PRS units were used

in the lecture classroom for students to respond privately to an instructor's question or prompt

on a regular basis. These responses were collected, and summarized results were displayed as

a histogram for the class to view.

3.1.2.1.4 Chemical Engineering Orientation (CHE 101)

This class is an introductory chemical engineering orientation course for engineering

freshmen. The class enrolled students from three majors: chemical engineering,

bioengineering, and environmental engineering. The course was composed of lectures

supplemented with one hour, fifty minute lab and a one hour, fifty minute recitations. There

were approximately 70 students per year enrolled in this class. Two instructors co-taught the
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class. Laptops with wireless capability were used. Students brought their own laptops for in-

class use. Laptops were used only in the lab and recitation for data collection, data analysis,

and group project. Laptops were not allowed in lectures.

3.1 .2.1 .5 Introductory Chemical Engineering Computation (GHE 102)

The course covers the application of programming to various topics in chemical

engineering and was targeted at engineering freshmen. The course was composed of lectures

supplemented with one hour, fifty minute recitations. There were approximately 85 students

per year enrolled in this class. Laptops with wireless capability were used. Students brought

their own laptops for in class use. Laptops were used in lectures and recitations and were used

on a regular basis

3.1.2.1.6 Introduction to Statistics for Engineers (ST 314)

The course covers probability, common probability distributions, sampling

distributions, estimation, hypothesis testing, control charts, regression analysis, and

experimental design and for engineering juniors. The course was composed of only lectures.

There were approximately 100 students per term enrolled in this class. Laptops with wireless

capability were used. Students checked out laptops as they arrived and checked in laptops

before they left the classroom. Some students brought their own laptops for in class use. In

this course, three instructional lessons were developed and utilized MWT. Each of these

instructional lessons had different learning objectives. Students worked on laptops in groups

of 2-4 and spent 30 minutes answering questions for the particular instruction lesson and

submitted online. Laptops were used three times during the entire term.



3.1.2.1.7 Civil Engineering I: Problem Solving and Technology (CE 102)

This class is the introductory civil engineering orientation course for freshmen. The

course focuses on introducing freshman students to the use of technology in solving civil

engineering problems. The course covered several topics such as units, homework

professionalism, professional presentations, Internet tools, software for numeric methods and

programming such as Microsoft Excel and Visual Basic. Some classes involved professional

societies and covered projects from various areas of civil engineering. The course was

composed of only lectures. There were approximately 120 students per year enrolled in this

class. Laptops with wireless capability were used. Students brought their own laptops for in-

class use. Laptop was used in lectures on a regular basis.

3.1.2.2 Data Collection Instruments and Protocols

A variety of data collection tools were developed to assist in the collection of both

student and instructor data. Different techniques were used to evaluate the research questions

and reflect the different ways of conceptualizing the impact. The data collection tools used

included student learning outcome measures (homework assignment grades). pre-test and

post-test attitude surveys, student opinion surveys, instructor surveys and interviews, a

student focus group, and classroom observations. Detailed data collection methods for the

measurement and assessment data are presented in Table 3.3.
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Table 3.3. Variables and data collection method

3.1.2.2.1 Surveys

Responses for all the surveys in this study were collected using paper and pencil.

Student Attitudes Survey

The student attitude survey used in this research was modified from a survey

developed by Doolen. Porter and Hoag (2003) to assess student attitudes towards PDA's in a

traditional classroom. This original survey was developed to measure student attitudes toward

both PDA's and the usage of PDA's in the classroom. The questionnaire was designed to

assess attitudes towards PDA's in six different areas confidence, liking, anxiety,

enthusiasm, usefulness in general, and usefulness in the classroom. Items from this survey

were used wherever possible. The questions were modified to refer to laptops or PRS units

and the use of Laptop and PRS rather than PDA's as appropriate. The original items used

language to match the target pre-engineering student population; slight modifications were
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Variables Data Collection Method

Student Attitudes towards
MWT and the Usage of MWT

Pre-test and post-test attitude surveys
Student opinion surveys
Focus group interview

Student Learning Outcomes Student performance on homework
Student opinion surveys
Focus group interview
Instructor opinion surveys and interviews

Teaching and Learning
Processes

Student comments on pre-test and post-test attitude surveys
Student opinion surveys
Focus group interview
Instructor opinion surveys and interviews
Researcher observations

Contribution to Meeting
Learning Objectives

Student opinion surveys
Instructor opinion surveys and interviews

Previous Experiences with
Mobile Technology

Pre-test attitude survey
Student performance on homework



75

made to match the other targeted population, such as engineering students and non-

engineering students. Students were asked to express agreement or disagreement with each

survey item. A five-point Likert scale (strongly disagree, disagree, neutral, agree, strongly

agree) was used for all survey items except for demographic information (gender, age, and

ethnicity). Pre-test and post-test surveys were used to study changes in student attitudes

before and after integrating MWT into the classroom, except in Winter term 2002 where only

post-test survey data were collected.

Four attitudes surveys; survey 1, survey 2, survey 3, and survey 4, were used to collect

student attitude data for each course. All surveys were based on the same set of the attitude

scale items. However, each survey had a different number of items in each scale. Survey 1

(post-test only) was used to collect data in ENGR 112 in Winter term 2002. Survey 2 was

used to collect data in ENGR 112 in Spring term 2002. Survey 3 was used to collect data in

ENGR 112 in Winter term 2003, Spring term 2003, Winter term 2004, Winter teiui 2005,

lB 411 in Winter tei 2004, (3) CuE 101 in Fall term 2004, (4) CHIE 102 in Winter term

2005, (5) ST 314 in Spring term 2005, and (6) CE 102 in Spring teiiii 2005. Survey 4 was

used to collect data in PH 202 in Winter terni 2004.

In addition to the attitude scales, one question was included on the pre-test survey to

determine if students had previously used a given type of MWT. This question was included

in pre-test surveys beginning in Spring term 2003. The question was not included in pre-test

surveys for ENGR 112 in Spring term 2002 or Winter term 2003. In the student pre-test

surveys for all courses beginning Winter term 2004 and later, students were asked to share

their thoughts on the use of MWT devices in the classroom. Prior to Winter 2004, students

were asked if they had any thoughts on the use of MWT devices in the classroom in both the

pre-test and post-test surveys. The complete surveys are included in Appendices E 1-4 and F

1-5.



Student Opinion Survey

A survey was used to measure student opinions of MWT, to assess student

perceptions on how the mobile technology enhanced learning, and to obtain data on how

students used MWT in the classroom. Beginning at the end of Winter teiii 2004, students

were first asked questions about how they used MWT devices in the classroom. Students

were asked to rate the frequency (always, usually, about half of the time, seldom or never)

that they used MWT devices during class. Students were also asked what they used MWT

devices for. Students could choose as many responses as applied. Then, students were asked

to rate on a five-point scale (strongly disagree, disagree, neutral, agree, and strongly agree)

the extent to which MWT usage in the classroom helped students achieve course learning

objectives. Course learning objectives were developed by the instructors for all the courses

included in the study. The learning objectives were shared with students at the beginning of

the term. Students were also asked to evaluate MWT usage in the classroom as it related to

overall student learning. Students were asked if they wished to use MWT devices in future

classes. Students were also asked to record other comments or suggestions related to MWT

usage. The full survey, for an example course, is included in Appendix G.

Instructor Opinion Survey

Beginning at the end of Winter term 2004, instructor opinions were obtained to assess

instructor perceptions on how MWT impacted student learning. A survey was used to

measure instructor perceptions of student learning in the course. Instructors were asked to rate

on a five point scale (strongly disagree, disagree, neutral, agree, strongly agree) how they

believed the MWT helped students meet course learning objectives, as well as their

perceptions of whether or not MWT enhanced student learning abilities. Learning ability was

assessed based on the ABET 2004-2005 general criteria for accrediting engineering programs
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(ABET, 2003). Instructors were also asked to evaluate MWT usage in the classroom as it

related to student overall learning. The instructor survey, for an example course, is included

in Appendix H.

3.1.2.2.2 Focus group

A focus group was conducted to study student opinions on teaching and learning

processes, and interactions in the MWT classroom. The objective of the focus group

discussion was to reveal unanticipated or missed points related to the usage and the role of

MWT on student attitudes and learning. A moderator facilitated a one-hour discussion with a

group of seven volunteer students from ENGR 112 following Winter teiiii 2005. Students

attending the focus group session were asked questions related to MWT use. The set of

questions used in the focus group session are included in Appendix I. The focus group session

was conducted following the completion of the course and term, and it was conducted outside

of the classroom. The focus group interview was recorded on audiotape and field notes were

taken.

3.1.2.2.3 Instructor Interview

Interviews were used to study instructor opinions on student learning in the courses

where MWT was integrated, and to assess instructor opinions on how MWT impacted

teaching and learning processes. Interviews were used to gain a deeper understanding of

teaching and learning processes, interactions between the instructor and students, and

interactions between students in classrooms using MWT. The instructor interview guidelines

are included in Appendix J. All interviews were recorded on audiotape and field notes were

taken.



3.1.2.2.4 Student Work Samples

Student work samples (homework assignment) were used to study the impact of the

MWT usage in classroom on student learning. Student homework grades from ENGR 112 in

Winter 2004 and Winter 2005 were compared to determine if the introduction of MWT

improved student learning outcomes. Samples of homework assignments and grading criteria

are included in Appendix K.

3.1 .2 .2 .5 Researcher Observation

Non-participant observation was used to collect data on teaching and learning

processes and interactions. The observation protocol included 12 questions in five categories:

(1) instructional strategies, (2) student engagement and student activities, (3) technology use,

(4) assessment, and (5) interactions. A copy of the classroom observation protocol is included

in Appendix L.

3.1.2.3 Research Design and Analysis

Since actual courses in natural educational settings were used, it was not possible to

randomly assign MWT devices to just some of the students in the same classroom nor

randomly assign students from a common population to experimental or comparison groups.

As a result, quasi-experimental designs were used. In any comparison in this research, the

comparison group (or control group) and the experimental group were chosen so that they

were as similar as possible on all variables. The details of the designs and analyses used to

study the research questions are described in this section. The five areas for this research

were: (1) student attitudes towards MWT and the usage of MWT in classroom, (2) student

learning outcomes, (3) teaching and learning processes, (4) the contribution of MWT to

meeting learning objectives, and (5) impact of previous experiences with mobile technology
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on student attitudes and learning outcomes. In this study, quantitative data such as homework

assignment scores and surveys provided empirical results, but qualitative data provided

context for interpreting these empirical results. Approval from the OSU Institutional Review

Board (IRB) was given. The IRB approval is included in Appendix M.

3.1.2.3.1 Student Attitudes towards MWT and the Usage of MWT Stuy

Research question: Does the introduction of MWT in the classroom affect student attitudes

towards MWT and the usage of MWT?

Hypothesis 1: The introduction of MWT in the classroom does not affect student

attitudes towards MWT or student attitudes towards MWT usage.

Attitude scales have been used widely to collect data on student attitudes. A similar

methodology was applied to the study of MWT usage in the classroom. Students taking

targeted courses were asked to complete attitude and opinion surveys. The surveys were

administered early in the quarter and again at the end of the quarter. A facilitator (other than

the instructor) distributed these surveys during a regularly scheduled class period.

Participation was voluntary. The facilitator provided each student with an informed consent

form (See Appendix N-l) and a survey. The informed consent form was read to the group.

Students were informed that participation (or non-participation) would have no consequence

to their grade or standing in the university. The students were permitted to ask questions

prior to making a decision on whether or not to complete the survey. Students who did not

wish to participate were allowed to leave the classroom. The survey took approximately 10-

15 minutes to complete. The facilitator also collected the surveys.

The surveys from the beginning of the quarter were matched with end of quarter

surveys for each student to deteiiiiine individual attitude changes. The surveys were coded

only for the purpose of matching the pre and post-survey. The last four digits of student ID
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were used for a code. After matching these data together, any identification to an individual

student was eliminated. The anonymous pre and post surveys were then provided to research

personnel for data entry and analysis.

Each teim (except for Winter term 2002), the one-group pre-test and post-test design

(Campbell & Stanley, 1966; Fraenkel & Wallen, 1993) was used. The single group of

students (each term) was measured or observed before and after being exposed to an

experiment (MWT implementation). The student attitudes survey was administered to the

same group of students twice to look for changes. Figure 3.4 shows the design used to

evaluate the impact on student attitudes within one class. Statistical techniques were used for

student attitude analyses.

Experimental group 0 X 0
Observation Experiment Observation

(Pre-test) (MWT) (Post-test)

Figure 3.4. Diagram of one-group pre-test and post-test design (Pre-experimental design)

A pre-test and post-test, non-equivalent multiple-group design was used to study

changes in student attitudes between terms, for the same course (only in ENGR 112).

Comparisons were made between groups of students receiving different experiments (e.g.

PDA or laptop implementation, etc.) in different teiiiis. Pre-test and post-test surveys were

given to all groups. A comparison of pre-test and post-test scores changes (post-test - pre-

test) was completed using statistical techniques. Figure 3.5 shows a diagram of this design.
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Experimental group I 0 X1 0
Observation Experiment 1 Observation

(Pre-test) (PDAs) (Post-test)

Experimental group 2 0 X2 0
Observation Experiment 2 Observation

(Pre-test) (Laptops) (Post-test)

Figure 3.5. Diagram of pre-test and post-test non-equivalent multiple group design

In addition to student attitude surveys, student opinion surveys and focus group were

also used to study student attitudes towards MWT in more depth. Focus groups have been

used extensively as a data gathering tool in qualitative research (Patton, 1990). For ENGR

112, a moderator facilitated a one-hour discussion with a group of seven volunteer students.

Students attending the focus group were asked questions related to MWT use to reveal

unanticipated or missed points. A facilitator (other than the instructor) provided each student

with an infojuied consent form (see Appendix N-2). The informed consent form was read to

the group. Students were informed that participation (or non-participation) had no

consequence to their grade or standing in university. The students were permitted to ask

questions prior to making a decision on whether or not to participate in the focus group. The

focus group took about an hour. Students who did not wish to continue the focus group were

allowed to leave at any time. The focus group interviews were recorded on audiotape and

field notes were taken. Students were not required to identify themselves. The audiotape was

converted into notes and then was destroyed. The anonymous notes were used for further

analysis.



3.1.2.3.2 Student Learning Study

Research question: Does the introduction of MWT in the classroom affect student learning

outcomes?

Hypothesis 2: The introduction of MWT in the classroom does not affect student

learning outcomes.

In this study, student homework assignment grades were used to study the impact of

MWT usage on student learning. Student homework grades from ENGR 112 in Winter 2004

and Winter 2005 were compared to determine if the different implementation of MWT

impacted student learning outcomes. The same class material, textbook, computer laboratory

facilities, overall syllabus and a similar homework structure were used in both courses.

Graders (other than the instructor) graded homework assignments using detailed grading

instructions and grading criteria (see Appendix K). A non-equivalent multiple-group design

was used to study student learning between these two teiiiis. Statistical techniques were used

for the analyses. Student opinion surveys and focus group interview data were also used for

the student learning analysis. Quantitative data such as homework assignment scores

provided empirical results, but qualitative data provided context for interpreting these

empirical results.

In addition, instructor opinion surveys and interviews were used to assess instructor

perceptions of how the MWT impacted student learning. The instructor survey and interview

were administered at the end of the quarter. The researcher distributed instructor surveys

outside of the classroom to one instructor at a time. Participation in the survey and interview

was voluntary. The researcher provided each instructor with an informed consent form (see

Appendix N-3) and a survey. The instructor was permitted to ask questions prior to making a

decision on whether to complete the survey and participate in the interview. Instructors then
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completed the survey, which took approximately 10-15 minutes. The researcher collected the

surveys. The instructor was interviewed following the completion of the survey. The

interview took approximately 30 minutes. Instructors who did not wish to complete the

survey or did not wish to be interviewed were allowed to discontinue the interview/survey at

any time. Instructors did not identify themselves for either data collection method. The

interview was recorded on audiotape and field notes were also taken. The audiotape was kept

in a secure location. The audiotape was translated into notes by a research assistant and then

was destroyed. The notes were analyzed further by the researcher. The instructor opinion

survey and instructor opinion interview guidelines are included in Appendices H and J.

Quantitative data were analyzed using statistical techniques.

3.1.2.3.3 Teaching and Learning Processes Study

Research questions: Does the introduction of MWT in the classroom affect teaching and

learning processes, interactions between instructor and students, or

interactions between students?

Hypothesis 3: The introduction of MWT in the classroom does not affect teaching and

learning processes, interactions between the instructor and students, or

interactions between students.

The definitions of the teaching and learning or instructional processes were discussed

earlier in this Chapter. The teicii "instructor-student interactions" were defined as the

interactions between the expert and the learner (Moore, 1989). This included classroom

activities such as asking questions, providing feedback, administering rewards and

punishments, praising and criticizing, responding to student questions and requests for

assistance, and offering help when students experienced difficulties (Schunk, 2000). Learner-

learner interactions or interactions between students were defined as inter-learner interactions,
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between one learner and other learners, alone or in group settings, with or without the real-

time presence of an instructor (Moore, 1989). Multiple tools were used to collect data on

teaching and learning processes, and interactions. The five data collection method were used:

(1) classroom observations, (2) student comments on pre-test and post-test attitude surveys,

(3) student opinion surveys, (4) student focus group discussion, and (5) instructor opinion

surveys and interviews.

Observations have been used extensively in previous educational research (Patton,

1990). The purpose of observations is to determine the extent to which a particular behavior

is present. One of the most common uses of observations in education is to study classroom

behavior. In this study, non-participant observation was used to study teaching and learning

processes, interactions between instructor and students, and interactions between students in

the MWT classroom. The observations took place in ENGR 112, Winter term 2005 and CE

102, Spring teiiii 2005.

Observations rely on observers. As a result, bias may be introduced. Ary, Jacobs and

Razavieh (2002) categorized two sources of bias that must be taken into account in the design

of observational data collection; observer bias and observer effect. The observer bias occurs

when the observer's own perceptions, beliefs, and biases influence the way he or she observes

and interprets the situation. Having more than one person make independent observations

helps in detecting bias and also enhances the reliability of the study. In this study, at least two

out of three researchers independently observed each class as non-participant observers. The

two observers recorded the behaviors seen and then a check was perfonned to verify the

extent to which the two sets of observer records agreed. Researchers observed each class for

the entire teiui (approximately 10 weeks). Observations were made in fifteen minute cycles.

Prior to data collection, researchers were trained on the details of observing, interpreting and

reporting observations. The researchers used the same classroom observation protocol (see
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Appendix L). Fraenkel and Wallen (1993) recommend that to minimize observer bias in

direct observation, hypotheses should not be posed at the beginning. Instead, hypotheses

should emerge from the data as the study progresses. However, the study may begin with few

general hypotheses at the start, with several details being formulated, reconsidered, dropped,

and/or modified as the study proceeds. In this study, the study was initiated with only general

hypotheses that the use of MWT in the classroom may affect teaching and learning processes

and interactions between instructor and students, and interactions between students.

The second type of bias is observer effects. Observer effects occur when the students

and instructors being observed behave differently because they are being observed. Fraenkel

and Wallen (1993) recommend one possible solution to observer effects bias is to make it

easy for students to believe that the experiment is just a regular part of the instruction and not

part of an experiment. In this study, the students were informed of the nature and purpose of

the study. Students were informed of the classroom observation during the first class session.

In an attempt to mitigate observer effect, students were also assured that the observations

were focusing on regular classroom practices, and not focusing on any specific student.

During the observations, the researchers remained as unremarkable as possible by sitting in

the back of the classroom.

In addition to classroom observations, student opinion surveys, student comments on

pre-test and post-test attitude surveys, student focus group discussion, and instructor opinion

surveys and interviews, were used to gain a deeper understanding of teaching and learning

processes, interactions between the instructor and students, and interactions between students

in classrooms using MWT. Qualitative methods were used for data analyses.



3.1.2.3.4 Contribution of MWT to Meeting Learnin,g Objectives Study

Research question: Does the introduction of MWT in the classroom affect course learning

objective acluevement?

Hypothesis 4: The introduction of MWT in the classroom does not affect course

learning objective achievement (as measured by student and instructor

evaluations).

This research was targeted not only at evaluating how students use MWT, but also in

assessing how MWT contributes to the achievement of learning objectives from the

perspective of both students and instructors. Course learning objectives were developed for

the courses included in this part of the study by instructors. The learning objectives were

shared with students at the beginning of the term. Beginning at the end of Winter term 2004,

students and instructors were asked to rate on a five-point scale (strongly disagree, disagree,

neutral, agree, strongly agree) the extent to which MWT usage in the classroom helped

students achieve course learning objectives. Statistical techniques were used for data

analyses. The student response data from ENGR 112 in Winter term 2004 and 2005 were

further analyzed using statistical methods to evaluate if a significant difference was seen

between the contributions of MWT in meeting course learning objective as evaluated by

students in the two terms, A non-equivalent multiple-group design was used.

3.1 .2.3.5 The Impact of Previous MWT Experience Study

Research questions: Does previous experience with mobile technology affect student

attitudes and student learning outcomes?

Hypothesis 5a: Previous experience with mobile technology does not affect student

attitudes towards MWT and the usage of MWT. In particular, there is
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no difference in student attitudes towards MWT and the usage of MWT

between students with and students without previous experience with

mobile technology.

Hypothesis 5b: Previous experience with mobile technology does not affect student

learning outcomes. In particular, there is no difference in student

learning outcomes between students with and students withoutprevious

experience with mobile technology.

One item was included on the pre-test survey to determine if students had previously

used a given type of MWT. This question was included in pre-test surveys beginning in

Spring term 2003. The question was not included in pre-test surveys for ENGR 112 in Spring

term 2002 or Winter term 2003. A static-group comparison design was used. Figure 3.6

shows a diagram of this design.

Experimental group X 0
(Students with previous Experiment Observation
MWT experience) (Experience

with MWT)

Control group 0
(Students without Observation
previous MWT
experience)

Figure 3.6. Diagram of static-group comparison design

Statistical techniques were used to check for any differences in student attitudes and

learning outcomes between students with and students without previous experience with

mobile technology in each course.

Table 3.4 summarizes the research questions and courses used to collect data in this

study. Table 3.5 summarizes the research questions, research hypotheses, and research
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designs and analyses used. Decisions on the statistical significance of results were made using

an alpha (a) 0.05 or at a 95% confidence level.



Table 3.4. Research hypotheses, courses used to collect data and data collection methods.

The abbreviations a-h are used to represent the data collection methods where
a = Pre-test attitude survey only, b Post-test attitude survey only, c= Pre-test and post-test attitude surveys, d = Student opinion surveys, e = Focus group interview,
J Student performance on homework, g = Instructor opinion surveys and interviews, and h Researcher observations.

Empty cells indicate that no studies were completed.

Research Hypotheses
ENGR 112 lE4ll PH202 CHE 101 CUE 102 ST314 CE 102

Winter
2002

Spring
2002

Winter
2003

Spring
2003

Winter
2004

Winter
2005

Winter
2004

Winter
2004

Fall
2004

Winter
2005

Spring
2005

Spring
2005

Hypothesis 1: The introduction of
MWT in the classroom does not
affect student attitudes towards
MWT or student attitudes towards
MWT usage.

b c c c c, d c, ci, e c, d c c, d c, d c, d c, d

Hypothesis 2: The introduction of
MWT in the classroom does not
affect student learning outcomes.

d,f, g
d e

g

Hypothesis 3: The introduction of
MWT in the classroom does not
affect teaching and learnine
processes or Interactions between
the instructor and students, or
interactions between students.

h e c c a, d, g
a, 4,

e, g, h
a, d, g e.g a, d, g a, 4, g a, d, g

a, a,
g, h

Hypothesis 4: The introduction of
MWT in the classroom does not
affect course learning objective
achievement.

d,g d,g d,g d,g d,g d,g d,g

Hypothesis 5a: Previous experience
with mobile technology does not
affect student attitudes towards
MWT and the usage of MWT.

a a a a a a a

Hypothesis 5b: Previous experience
with mobile technology does slot
affect student learning outcomes.

a, f



Table 3.5. Research questions, research hypotheses, and research designs and analyses.
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Areas Research Questions Research Hypotheses Research Design Analyses
Student
attitudes
towards MWT
and the usage
of MWT

Does the
introduction of
MWT in the
classroom affect
student attitudes
towards MWT and
the usage of MWT?

Hypothesis 1: The
introduction of
MWT in the
classroom does not
affect student
attitudes towards
MWT or student
attitudes towards
MWT usage.

Hypothesis 2: The
introduction of
MWT in the
classroom does not
affect student
learning outcomes.

design

Each term: one-
group pre-test and
post-test design

Between terms:
pre-test and post-
test, non-equivalent
multiple-group

Non-equivalent
multiple-group
design

Non-parametric
method (Wilcoxon
Signed-Rank Test
for matched data)

Linear contrast of
treatment means and
t-test

T-testStudent
learning
outcomes

Does the
introduction of
MWT in the
classroom affect
student learning
outcomes?

Teaching and
learning
processes

Does the
introduction of
MWT in the
classroom affect
teaching and
learning processes,
interactions
between instructor
and students, or
interactions
between students?

Hypothesis 3: The
introduction of
MWT in the
classroom does not
affect teaching and
learning processes or
interactions between
the instructor and
students, or
interactions between
students.

Qualitative method
(e.g. focus group,
interview, surveys,
classroom
observation, etc.)

Qualitative analysis
method

Contribution of
MWT to
meeting
learning
objectives,

Does the
introduction of
MWT in the
classroom affect
course learning
objective
achievement?

Hypothesis 4: The
introduction of
MWT in the
classroom does not
affect course
learning objective
achievement.

Non-equivalent
multiple-group
design

T-test

Impact of
previous MWT
experience,

Does previous
experience with
mobile technology
affect student
attitudes and
student learning
outcomes?

Hypothesis 5a:
Previous experience
with mobile
technology does not
affect student
attitudes towards
MWT and the usage
of MWT.

Static-group
comparison

Non-parametric
method (Mann-
Whitney Test for
two independent
samples)

Hypothesis Sb:
Previous experience
with mobile
technology does not
affect student
learning outcomes.

Static-group
comparison

Non-parametric
method (Mann-
Whitney Test for
two independent
samples)



3.2 Cost, Cost-Effectiveness and Cost-Utility Methodology

It is important to emphasize that this portion of the research was focused on

illustrating the methodology for determining cost, cost-effectiveness, and cost-utility. Each

MWT configuration and setting may have different ingredients, as well as different costs for a

particular ingredient. There were three measures of impact or effectiveness in this study --

impact on student learning outcomes, impact on student attitudes, and contribution to

achieving class learning objectives. Due to the limitation of the cost-effectiveness analysis

when multiple measures of effectiveness are used, a cost-utility analysis was chosen. Cost

estimates were gathered using the ingredients method and are discussed first. The cost-

effectiveness and cost-utility analysis are discussed second.

3.2.1 Cost Estimation (The Ingredients Approach)

Levin's ingredients approach (1983, 1984) for estimating costs was chosen for this

research. The steps for cost estimation are described first. First, the exact ingredients and the

costs needed for a particular application were specified. The costs included any "opportunity

costs" which were the cost of pursuing the alternative and giving up the ability to use these

resources in some other ways (Levin, 1983; 1984). Even contributed or donated resources

were included as ingredients. Ingredients with common properties were grouped together into

five categories -- personnel, facilities, equipment and materials, other inputs, and client inputs

(Levin & McEwan, 2001). Personnel ingredients include all human resources required for the

alternative. For example, to calculate the cost of an instructor, the proportion of time that an

instructor devoted to instruction and preparation was converted to a cost based on the

instructor's base salary. Facilities refer to the physical space required for the alternative

including any classroom space, offices, storage areas, or other building requirements.

Equipment and materials refer to furnishings, instructional equipment, or materials that were
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used for the alternatives, including classroom and office furniture such as computers,

audiovisual equipment, scientific apparatus, books, machines, and other supplies. Other

inputs, such as liability insurance, the costs of training, or Internet access fees, refer to all

other ingredients that did not fit in the previously described categories. Required client inputs

included any ingredients that were required of the clients, for example, required software

programs that students had to purchase or any fees that students had to pay.

Cost data were collected from ENGR 112 in Winter term 2002, Spring term 2002,

Winter term 2003, Spring term 2003, Winter term 2004 and Winter term 2005. Cost data

were collected based on four different MWT implementations in a higher education setting;

(1) PDAs without wireless capability (student checks out/in method), (2) PDAs with wireless

capability (term loan method), (3) laptops without wireless capability (student checks out/in

method) and, (4) laptops with wireless capability (student owns laptop method). For each

application, the ingredients and the costs were identified by consulting documents and expert

practitioners, as well as through direct observation. Meetings with a network computer

coordinator for the college, a network administrator for the Industrial and Manufacturing

Engineering department (IME), and the ENGR 112 instructor were also used to collect cost

data.

In the next step, an annual cost was calculated for each ingredient. The annual cost

was calculated based on the depreciation over the useful life of the facilities and equipment,

as well as the interest rate. Engineering economics concepts and techniques (e.g. discounted

cash-flow, time value of money, etc.) were applied. More details on the engineering

economics concepts and techniques can be found in Park (2002, 2004).The summation of

costs provides an estimated total annual cost for each application.

Finally, the cost per student was derived by dividing the total annual cost figure by the

number of students served. By using cost data for the same year, it was possible to obtain a
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uniform basis for comparison. Cost estimation software was developed to assist users in

applying engineering economic methods to estimate multiyear costs of classroom based

MWT implementations. The software tool and user guide are included in Appendix 0.

3.2.2 Cost-Effectiveness Study

The methodology for a comparative evaluation the cost-effectiveness of MWT in

classrooms were based on Levin's (1983, 1984) approach. Although the methodologies were

originally developed for comparing different teaching methods, the approach was modified

and used in this research to compare the cost-effectiveness of the various MWT

implementations studied. There are three steps for evaluating the cost-effectiveness of a

MWT deployment in higher education classrooms.

As a first step, the impacts of different MWT implementations were determined. The

impact of the MWT was evaluated based on three key outcomes: impact on student learning

outcomes, impact on student attitudes, and contribution to achieving class learning objectives.

The evaluation of each outcome was described earlier in previous sections. Impact (of three

key outcomes) from each application was then converted into standard scores or effect sizes

in terms of standard deviation units. Measuring of effect size is a technique used to assess the

magnitude of the difference between two groups (Ary, Jacobs & Razavieh, 2002; Cohen,

1988; Grissom & Kim, 2005). The effect size indices are different depending on the chosen

statistics used. Non-parametric estimation of standardized-difference effect sizes can be seen

in Hedges and 01km (1984), Kraemer (1984), and Kraemer and Andrews (1982). In this

study, the effect sizes were measured to assess the magnitude of the difference between the

means of the three outcomes. The effect size index for the difference between means can be

calculated by dividing the difference between the two group means by the common standard

deviation as described in equation 3.1 (Cohen, 1988; Ott & Longnecker, 2001).



Effect size for a difference between means (d) =
-
sp

(3.1)
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/(n 1)s (2 1)s

are means of group 1 and 2 respectively.

is a weighted average of the sample variance and s

and s and s are variances of group 1 and 2

respectively.

Second, the costs of various MWT configurations (e.g. hardware, software, support,

personnel, and infrastructure) were determined based on the ingredients approach as

described in the previous section.

In the final step, the cost-effectiveness ratios were then computed from the data. The

cost-effectiveness ratio is the annual cost per student per size of effect (of each of the three

key outcomes) as described in Equation 3.2. Cost-effectiveness ratios were then used to

compare different MWTs implementations.

CCost-effectiveness = (3.2)X(orYorZ)

where C is the additional cost (from the baseline or control group) per

student per alternative.

x,Y,z are the overall effect size of impact on student attitudes, impact

on student learning outcomes, and contribution of MWT in

meeting course learning objectives, respectively.

where x1, x2

s
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For each alternative, there were three cost-effectiveness ratios (one for each measure

of impact). The cost-effectiveness analysis is useful for evaluating alternatives that have only

few objectives. For multiple measures, however, it can become difficult to have multiple cost

ratios for each alternative. It may turn out that one alternative is more effective when

assessing one outcome, but not be the best alternative for a second outcome. For example,

alternative A may be a better choice with respect to impact on student learning outcomes,

whereas alternative B may be a better choice with respect to impact on student attitudes. One

approach for handling multiple outcomes is to have decision makers prioritize each outcome.

Cost-utility analysis provides an approach for utilizing these prioritizations into a complete

evaluation.

3.2.3 Cost-Utility Study

Cost-utility analysis provides a means for combining disparate measures of

effectiveness into a summative measure, in estimating cost-utility, the approach proposed by

Fletcher, Hawley and Piele (1990) was used. The cost-utility is calculated as follow:

Cost-utility =
(XXUx )+(YxU )+(ZXUz)

where C is the additional cost (from the baseline or control group) cost

per student per alternative.

X, Y, Z are the overall effect size of impact on student attitudes,

impact on student learning outcomes, and contribution

of MWT in meeting course learning objectives, respectively.

U>, Uy, Uz are the utility of X, Y, Z respectively,

C
(3.3)



96

Cost data (C) collected based on the ingredients approach and effectiveness data (X,

Y, Z) were used in the cost-utility analysis. In this context, cost-utility may be interpreted as

the cost to obtain one unit of combined outcome gain weighted by the utilities assigned to

three different outcomes. The equation (Xx Lix) + (Yx Uy) + (Zx liz) is also called overall

utility. In this research, the utility U Uy, U were assumed by changing importance weights

(utility values).



CHAPTER 4

RESULTS

This study used both quantitative and qualitative research methods to investigate the

research questions. Some of the research questions were difficult to measure quantitatively.

Multiple data collection methods such as surveys, interviews, focus group discussion and

observations were used. This section describes the results from the hypotheses testing

completed for the five research areas included in this study: (1) student attitudes towards

MWT and the usage of MWT in the classroom, (2) student learning outcomes, (3) teaching

and learning processes, (4) role of MWT in student achievement of course learning

objectives, and (5) impact of previous MWT experience. Decisions on the statistical

significance of results were made using an alpha (a) 0.05 or at a 95% confidence level. This

is followed by the illustration of the methodology for evaluating cost, cost-effectiveness and

cost-utility of different IVIWT configurations and applications.

4.1 Student Attitudes towards MWT and the Usage of MWT Study

Research question: Does the introduction of MWT in the classroom affect student attitudes

towards MWT and the usage of MWT?

Hypothesis 1: The introduction of MWT in the classroom does not afJct student

attitudes towards MWT or student attitudes towards MWT usage.

4.1.1 Courses Included in Research and Response Rates
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Table 4.1 summarizes the courses

enrollment, the devices used in each course

distribution method used for the MWT devic

included in this research, as well as course

the availability of wireless capability and the

es. These courses all used some type of MWT in
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an effort to enhance the learning experience of the students. The courses were taught in

Winter term 2002, Spring teiin 2002, Winter term 2003, Spring term 2003, Fall term 2004,

Winter term 2004, Winter term 2005 and Spring term 2005. In one of the courses included in

the study (ENGR 112), different types and configurations of devices were used in the

classroom in each teiin. PDAs were used in Winter term 2002, Spring term 2002, Winter term

2003 and Spring term 2003. Laptops were used in Winter teiiii 2004 and Winter term 2005.

Due to the limited availability of devices, students had to check out devices as they arrived

and to check in devices before they left the classroom in Winter term 2002, Spring term 2002

and Winter term 2004. In Winter tecii 2004, groups of 2-3 students shared laptops in the

classroom. In Winter term 2003 and Spring term 2003, there were sufficient devices for

students to use the devices for the duration of the term. In Winter term 2005, all freshman

engineering students were required to supply their own laptop for in-class usage. Wireless

capability was available only in Winter term 2003, Spring term 2003 and Winter term 2005.

In the JE 411 course in Winter term 2004, laptops with wireless capability were loaned to

students for the duration of the term. In the PH 202 course in Winter term 2004, PRS devices

with wireless capability were loaned to students for the duration of the teiiii. In CHE 101 in

Fall term 2004, CITE 102 in Winter 2005, and CE 102 in Spring term 2005, laptops with

wireless capability were used. In these terms, students brought their own laptops for in class

use. In the ST 314 course in Spring term 2005, laptops with wireless capability were used.

Students checked out laptops as they arrived and checked in laptops before they left the

classroom.

Table 4.2 summarizes the number of students completing surveys, the response rates,

and the number of matched surveys (pre-test and post-test) for each course included in this

research. Response rates varied from 36% to 99%. However, the number of surveys used for

determining average values varied for different survey scales because some surveys were



99

incomplete. If a student did not complete all items for a scale, the data for that scale were not

used in any subsequent evaluation or analyses. For example, if a student did not complete all

items for the "liking" scale in the pre-test, the data for the "liking" scale were not used in pre-

test or matched data analyses. The response rate for matched surveys varied from 17% to

76%.



Table 4.1. OSU MWT-based course summary, devices used, wireless capability and distribution method.

Course Name Term
Student

Enrollment

MWT

Device
Wireless

Capability
Distribution Method

ENGR 112 Engineering
Orientation II

Winter 2002 72 PDA No Students checked out devices as they arrived and checked in
devices before they left the classroom.

Spring 2002 52 PDA No Students checked out devices as they arrived and checked in
- i ft the classroom.

Winter 2003 73 PDA Yes Devices were loaned to the student for the duration of the term.

Spring 2003 36 PDA Yes Devices were loaned to the student for the duration of the term.

Winter 2004 137 Laptop No Students checked out devices as they arrived and checked in
devices before they left the classroom. Groups of 2-3 students
shared laptops in the classroom.

Winter 2005 85 Laptop Yes Students owned the laptops used.

JE 411 Visual Winier 2004 25 Laptop Yes Devices were loaned to the student for the duration of the term.
Programming for
Industrial Application

PH 202 General Physics Winter 2004 480 PRS Yes Devices were loaned to the student for the duration of the term.

CHE 101 Chemical Fall 2004 70 Laptop Yes Students owned the laptops used.
Engineering Orientation

CHE 102 Introductory Winter 2005 85 Laptop Yes Students owned the laptops used.
Chemical Engineering
Computation

ST 314 Introduction to
Statistics for Engineers

Spring 2005 103 Laptop Yes Students checked out devices as they arrived and checked in
devices before they left the classroom.

CE 102 Civil Spring 2005 120 Laptop Yes Students owned the laptops used.
Engineering I: Problem
Solving and Technology



Table 4.2. Summary of survey response rates for each course included in the research.

= INot applicable

4.1.2 Participant Description

In this research, comparisons were made only if the comparison gioup and the

experimental group were as similar as possible. Table 4.3 summarizes student demographics

for each term for each course in percentages. The data were taken from the post-test surveys

of ENGR 112 in Winter term 2002 and from the pre-test surveys of the remaining courses.

Some surveys were incomplete since students did not answer the demographic questions in

101

Number of

Course Term
Pre-test/

Post-test
Students

Completing
Response

Rate

Number of
Matched

Surveys (n) Surveys

Pre-test N/A N/A
ENGR 112 Winter 2002 N/A

Post-test 50 70%

Spring 2002
Pre-test 35 67% 10

Post-test 24 46% (19%)

Winter 2003
Pre-test 60 82% 31

Post-test 46 63% (42%)

Spring 2003
Pre-test 28 78% 21

Post-test 23 64% (58%)

Winter 2004
Pre-test 81 59% 32
Post-test 70 51% (23%)

Winter 2005
Pre-test 77 91% 43
Post-test 61 72% (51%)

1E411 Winter2004
Pre-test 21 84% 19

Post-test 19 76% (76%)

PH 202 Winter 2004
Pre-test 356 74% 90
Post-test 252 53% (19%)

CHE 101 Fall 2004
Pre-test 55 79% 32

Post-test 62 89% (46%)

CHE 102 Winter 2005
Pre-test 84 99% 43
Post-test 70 82% (51%)

ST 314 Spring 2005
Pre-test 37 36% 17

Post-test 46 45% (17%)

CE 102 Spring 2005
Pre-test 79 66% 55

Post-test 96 80% (46%)



a sraainonai stuuent is cletined as a student who is 23 years old or younger.
b Non-traditional student is defined as a student who is older than 23 years old.

4.1.3 Attitudes Scale Reliability Analysis
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the pre-test survey. For ENGR 112, the student demographics of all terms were quite similar.

The majority of students were male, traditional (< 23 years old), and white. In PH 202,

however, over half of students were female. In iF 411, the majority of students were non-

traditional and about half of students were white and about half were other. Iii 411 enrolled

both undergraduate and graduate students. All other courses included in this study were

offered for only undergraduate students.

Table 4.3. Summary of student demographic data (in percentages).

Four attitudes surveys; survey 1, survey 2, survey 3, and survey 4, were used to collect

student attitude data for each course. All surveys were based on the same set of the attitude

Course

Gender Age Ethnicity

Female Male Traditional
Studenta

Non-
Traditional

Student5
White Asian Other

ENGR 112

-Winter 2002 28 72 9 8 76 11 13

-Spring 2002 29 66 86 6 80 0 11

-Winter 2003 18 82 100 0 83 8 8

-Spring 2003 13 87 90 6 71 19 6

-Winter2004 11 88 95 4 86 10 2

-Winter 2005 21 78 95 4 82 3 13

1E411 19 81 29 71 48 0 48

PH 202 52 44 84 10 74 8 10

C}{E 101 30 65 96 0 75 15 7

CHE 102 37 61 93 6 73 12 14

ST314 27 70 73 22 81 3 11

CE 102 10 85 91 4 75 9 8
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scale items. However, each survey had a different number of items in each scale. Survey 1

was used to collect data in ENGR 112 in Winter term 2002. Survey 2 was used to collect

data in ENGR 112 in Spring term 2002. Survey 3 was used to collect data in (1) ENGR 112

in Winter term 2003, Spring term 2003, Winter term 2004, Winter term 2005 (2) Tfi 411 in

Winter term 2004 (3) CHE 101 in Fall term 2004 (4) CHE 102 in Winter term 2005 (5) ST

314 in Spring term 2005, and (6) CE 102 in Spring term 2005. Survey 4 was used to collect

data in PH 202 in Winter term 2004. In survey 4, the items were modified to be appropriate

to the PRS Units and the use of a PRS. Items that were not relevant to PRS units were not

included in survey 4.

Cronbach's Alpha was used to estimate the reliability of the survey. The reliability

coefficient and the number of survey items for each scale for all the different surveys are

included in Table 4.4. Reliabilities were determined based on the entire set of respondents

for each survey. Survey 1 Cronbach's Alpha coefficient was calculated based on all

respondents from the ENGR 112 course in Winter teiiii 2002 (N = 50 for the post-test data).

Survey 2 Cronbach' s Alpha coefficient was calculated based on the entire set of respondents

from ENGR 112 in Spring term 2002 (N = 35 for pre-test data and N = 24 for the post-test

data). Survey 3 Cronbach' s Alpha coefficient was calculated based on the entire set of

respondents from (1) ENGR 112 in Winter term 2003, Spring teiiii 2003. Winter in term

2004, Winter term 2005; (2) IF 411 in Winter term 2004 ;(3) CHE 101 in Fall teiiii 2004;

and (4) CHE 102 in Winter term 2005 (N = 406 for pre-test data and N = 351 for the post-

test data). Survey 4 Cronbach' s Alpha coefficient was calculated based on the entire set of

respondents from PH 202 in Winter term 2004 (N = 356 for pre-test data and N = 252 for the

post-test data).

Guidelines regarding acceptable reliabilities for scales state that a Cronbach' s Alpha

below 0.60 is unacceptable, between 0.60 and 0.65 is undesirable, and between 0.65 and
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0.70 is minimally acceptable (DeVellis, 2003). Based on these criteria, for survey I, the

reliabilities were acceptable for all scales. For survey 2, the reliabilities were acceptable for

all scales, except the usefulness in general scale of the post-test surveys. For survey 3, the

reliabilities were acceptable for all scales. For survey 4, the reliabilities were acceptable for

all but one scale. The confidence scales (both pre-test and post-test surveys) were not

reliable. Summarized results from the scales that were not highly reliable should be

interpreted with caution. For survey 4, only one item was included from the general

usefulness scale, so no reliability coefficient was calculated. However, Ary, Jacobs and

Razavieh (2002) purposed that the degree of reliability needed in a measure depends on the

use of the results. The need for accurate measurements increases as the consequences of

decisions and interpretation become more important. If the measurement results will be used

for making a decision about a group or for research purposes, coefficients in the range of

0.50 to 0.60 are acceptable. Given the nature of this study, the reliabilities for all scales for

all surveys were considered to be acceptable, as none were lower than 0.50.



Table 4.4. Number of items and reliabilities for all scales of each survey.

a survey I was used to collect data in ENGR 112 Winter 2002.
b Survey 2 was used to collect data in ENGR 112 Spring 2002.
c Survey 3 was used to collect data in (1) ENGR 112 Winter 2003, Spring 2003, Winter 2004, Winter 2005 (2) IE 411 Winter 2004 (3) CHE 101 Fall

2004 (4) CHE 102 Winter 2005 (5) ST 314 Spring 2005, and (6) CF. 102 Spring 2005.
d Survey 4 was used to collect data in PH 202 Winter 2004.
* Scale internal reliability less than 0.65.
N/A = Not applicable

Survey scale

Survey 1a Survey 2b Survey 3 Survey 4d

Number

of Items
Reliability

Number

of Items
Reliability

Number

of Items
.

Reliability
Number

of Items
Reliability

Pre-test survey N 35 N = 406 N = 356

Confidence N/A N/A 4 0.85 4 0.75 3 0.53*

Anxiety N/A N/A 5 0.89 5 0.87 5 0.84
Liking N/A N/A 4 0.70 4 0.70 4 0.83

Enthusiasm N/A N/A 3 0.82 3 0.77 3 0.75

Usefulness in general N/A N/A 3 0.70 5 0.74 1 N/A

Post-test survey N = 50 N = 24 N = 351 N = 252

Confidence 5 0.77 4 0.83 4 0.74 3 0.55*

Anxiety 11 0.95 5 0.88 5 0.86 5 0.87

Liking 7 0.84 4 0.87 4 0.67 4 0.84

Enthusiasm 3 0.79 3 0.67 3 0.81 3 0.80

Usefulness in general 7 0.73 3 0.61* 5 0.79 1 N/A

Usefulness in classroom 6 0.91 5 0.92 10 0.87 10 0.87



4.1.4 Student Attitude Analyses

The student attitude surveys described in Chapter 3 were designed to assess attitudes

towards MWT and the usage of MWT in six different areas -- confidence, liking, anxiety,

enthusiasm, usefulness in general, and usefulness in the classroom. A five-point Likert scale

(strongly disagree, disagree, neutral, agree, strongly agree) was used for all survey items. A

high score 3-5 is indicative of a favorable attitude for all scales. For the anxiety scale, a high

rating is used to indicate a low level of anxiety. The surveys from the beginning of the teiiii

were matched with end of term surveys for each student to determine individual attitude

changes. It was not possible to match pre-test and post-test surveys if students did not include

the last four digits of their student ID's on both of the surveys.

Levene's Tests for equality of variances were conducted to test homogeneity of

variances. Results indicated that variances were not significantly different. A noiiiial Q-Q

plot was created for each scale for each term's data set. A Q-Q plot is generally used to

determine whether the distribution of a data set matches a given distribution. A Q-Q plot

displays the quantiles of a data set distribution against the quantiles of any test distributions.

If the selected data set matches the test distribution, points will cluster around a straight line.

For a normal Q-Q plot, observed values of a single numeric variable are plotted against the

expected values to deteiiiiine if the data are from a noiuial distribution. Results from these

plots indicated that the attitude data used for this study were not normally distributed. Figure

4.1 shows an example of a normal Q-Q plot for the "anxiety" scale for paired data obtained

from students enrolled in ENGR 12 in Winter 2005.
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Figure 4.1. Example of notiiial Q-Q plot (Anxiety scale for paired data, ENGR 112.
Winter 2005).

Since the data were not normally distributed and the range of possible responses were

limited from 1 to 5 (which could lead to floor or ceiling effects in the data), non-parametric

statistical methods were used. The non-parametric statistical test or distribution-free test does

not require that populations be normally distributed. Bryman and Cramer (1999) also

proposed that it may be more desirable to use non-parametric tests when the number of

samples is small (under 15) since it is more difficult to determine the extent to which the

assumptions or conditions concerning sample measurements and the populations from which

they are drawn have been met.

Since the full data set contained a mix of paired and non-paired data, both a Wilcoxon

Signed-Rank Test for paired data and a Mann-Whitney Test for two independent samples

were used on the paired data to determine if the results of the analysis assuming dependent

data differed from independent data assuming analyses. The p-values in the Wilcoxon

Signed-Rank Test were dramatically different from the Mann-Whitney Test for all paired data
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sets in this study indicating significant covariance due to pairing effects. This indicated that

pairing was an important aspect. As a result, a Wilcoxon Signed-Rank Test for matched data

was used to test hypothesis 1. The matched sets of pre-test and post-test surveys were

analyzed with the Wilcoxon Signed-Rank Test. If a student did not complete both a pre-test

and a post-test, or if it was not possible to match a pre-test with a post-test, the data for that

survey were not used in the matched pair analysis.

4.1.4.1 Engineering Orientation II (ENGR 112)

Winter 2002

Table 4.5 summarizes the descriptive statistics for the entire data set for data collected

in Winter teim 2002. The minimum values, maximum values, medians, means, and standard

deviations for each scale are shown (only post-test survey data were collected). The overall

responses were quite favorable. The median and the mean scores were over 3.0 for all scales,

showing that students responded favorably to the use of MWT in a traditional classroom

setting.

Table 4.5. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Winter 2002).

Survey Scale n Mm Max Median Mean SD

Confidence 50 1.60 5.00 3.80 3.76 0.70
Anxiety 35 1.27 5.00 4.27 4.15 0.81

Liking 37 214 5.00 3.86 3.81 0.71

Enthusiasm 38 1.67 5.00 4.00 3.88 0.70
Usefulness in general 37 2.14 4.86 3.71 3.82 0.55

Usefulness in classroom 38 1.50 500 183 3.82 079



Spring 2002

Table 4.6 summarizes the descriptive statistics for the entire data set for data collected

in Spring term 2002. The minimum values, maximum values, medians, means, and standard

deviations for each scale are shown. The overall responses were quite favorable. The median

and the mean scores were over 3.0 for all scales for both the pre-test and post-test surveys,

showing that students responded favorably to the use of MWT in a traditional classroom

setting. The median and the mean scores of the usefulness in classroom scale (only available

in the post-test survey data) were 4.00 and 3.71, indicating that students had positive attitudes

about the usefulness of the devices as part of their learning experience.

The attitude data were further analyzed using the nonparametric Wilcoxon Signed-

Rank Test to determine if significant differences in the pre-test and post-test medians (Md)

existed. The null hypothesis was that of no change between pre-test and post-test attitudes,

H0: Md = 0 and the alternate hypothesis was Ha: Md 0. The abbreviations "pre" and "post"

are used to represent "pre-test" and "post-test" respectively. Summary descriptive statistics

for the paired data set used for this analysis and resuJts of the Wilcoxon Signed-Rank test are

included in Table 4.7. The data from the survey scale measuring the usefulness of the laptops

in the course are not included in Table 4.7 because the items for this scale were included only

in the post-test survey. P-values less than 0.05 are indicative of a significant difference

between the pre-test and post-test scores. Significant differences between pre-test and post-

test medians were identified for the confidence and anxiety scales (p-value 0.05). There was

sufficient evidence to conclude that student confidence was higher, and that student anxiety

was lower at the end of the term. Summary descriptive statistics for the non-paired data set

used for this analysis are included in Table 4.8. Since pairing effects were identified, these

data were not used further.
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Table 4.6. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Spring 2002).

auai renaouiy was iess than U.b3.

Table 4.7. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ENGR 112, Spring 2002).

y was less than U.65.
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Survey Scale n Mm Max Median Mean SD
Confidence (pre) 34 2.00 5.00 3.75 3.79 0.70
Confidence (post) 24 2.75 5.00 4.00 4.03 0.62
Anxiety (pre) 35 2.20 5.00 3.80 3.91 0.70
Anxiety (post) 24 2.40 5.00 4.30 4.10 0.73
Liking (pre) 34 2.25 5.00 4.00 3.96 0.62
Liking (post) 23 2.25 5.00 4.00 3.77 0.88
Enthusiasm (pre) 35 2.67 5.00 4.00 4.06 0.63
Enthusiasm (post) 24 2.00 5.00 3.84 3.60 0.73

Usefulness in general (pre) 35 2.67 5.00 4.00 4.06 0.62
Usefulness in general (post)* 24 2.00 5.00 4.00 3.80 0.69
Usefulness in classroom

-,

23 2.20 5.00 4.00 3.71 0.76

Survey Scale n Mm Max Median Mean SD p-value
Confidence (pre) 10 2.25 4.50 4.00 3.70 0.73

0.041Confidence (post) 10 3.00 5.00 4.00 4.13 0.54
Anxiety (pre) 10 2.80 4.60 4.00 3.86 0.57

0.020Anxiety (post) 10 3.00 5.00 4.40 4.26 0.56
Liking (pre) 9 3.00 4.75 4.00 3.94 0.57

0.187Liking (post) 9 2.50 4.75 4.25 4.08 0.71

Enthusiasm (pre) 10 2.67 5.00 4.17 4.07 0.78
0.056Enthusiasm (post) 10 2.33 4.67 4.00 3.70 0.76

Usefulness in general (pre) 10 3.33 4.67 4.00 4.00 0.57
0.854Usefulness in general (post)* 10

.

3.33 4.67 4.00 4.00 0.42



Table 4.8. Summary descriptive statistics for each scale for non-paired data
(ENGR 112, Spring 2002).

ernal rellarnilty was less than 0.65.

Winter 2003

Table 4.9 summarizes the descriptive statistics for the entire data set for data collected

in Winter term 2003. The median and the mean scores were over 3.0 for all scales except the

usefulness in classroom scale.

Using the nonparametric Wilcoxon Signed-Rank Test, testing was completed to

determine if significant differences in the pre-test and post-test medians (Md) existed.

Summary descriptive statistics for the paired data set and results of the Wilcoxon Signed-

Rank test are included in Table 4.10. Significant differences were found for the liking,

enthusiasm and usefulness (general) scales. There was sufficient evidence to conclude that

student attitudes towards MWT and the usage of MWT were lower after the introduction of

MWT in the liking, enthusiasm and usefulness (general) scales. Summary descriptive

statistics for the non-paired data set are included in Table 4.11. Since pairing effects were

identified, these data were not used further.
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 24 2.00 5.00 3.75 3.83 0.69

Confidence (post) 14 2.75 5.00 4.00 3.96 0.69
Anxiety (pre) 25 2.20 5.00 3.80 3.93 0.76

Anxiety (post) 14 2.40 5.00 4.10 3.99 0.83
Liking (pre) 25 2.25 5.00 4.00 3.96 0.65
Liking (post) 13 2.25 5.00 3.75 3.65 0.92
Enthusiasm (pre) 25 3.00 5.00 4.00 4.05 0.58
Enthusiasm (post) 14 2.00 5.00 3.67 3.52 0.72

Usefulness in general (pre) 25 2.67 5.00 4.00 4.08 0.65
Usefulness in general (post)* 14 2.00 5.00 3.50 3.67 0.82



Table 4.9. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Winter 2003).

Table 4.10. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ENGR 112. Winter 2003).
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Survey Scale n Mm Max Median Mean SD
Confidence (pre) 58 2.00 4.75 3.75 3.72 0.56

Confidence (post) 46 2.75 5.00 3.75 3.74 0.54

Anxiety (pre) 58 2.00 5.00 3.80 3.76 0.66

Anxiety (post) 44 2.40 5.00 4.00 3.92 0.68

Liking (pre) 57 2.25 5.00 3.75 3.78 0.60

Liking (post) 46 2.00 5.00 3.25 3.26 0.73

Enthusiasm (pre) 60 2.00 5.00 3.84 3.69 0.76

Enthusiasm (post) 46 1.00 5.00 3.00 3.04 0.94

Usefulness in general (pre) 60 2.60 5.00 3.80 3.83 0.59

Usefulness in general (post) 45 1.80 5.00 3.40 3.47 0.72

Usefulness inclassroom 44 1.40 4.00 285 2.82 0.69

Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 31 2.00 4.75 3.75 3.73 0.60
0320

Confidence (post) 31 3.00 4.25 3.50 3.63 0.39

Anxiety (pre) 29 2.60 5.00 3.80 3.79 0.65
0.526Anxiety (post) 29 2.40 5.00 4.00 3.86 0.59

Liking (pre) 31 2.25 5.00 3.75 3.77 0.57
0.000Liking (post) 31 2.00 4,75 3.25 3.27 0.72

Enthusiasm (pre) 31 2.00 5,00 3.67 3.65 0.81
0.000Enthusiasm (post) 31 1.00 5.00 3.00 3.06 0.89

Usefulness in general (pre) 31 2.60 5.00 3.80 3.86 0.60
0.010

Usefulness in general (post) 31 1.80 5.00 3.60 3.59 0.69



Table 4.11. Summary descriptive statistics for each scale for non-paired data
(ENGR 112, Winter 2003).

Spring 2003

Table 4.12 summarizes the descriptive statistics for the entire data set for data

collected in Spring tenn 2003. The overall responses were quite favorable. The median and

the mean scores were over 3.0 for all six scales for both the pre-test and post-test surveys. The

median and the mean scores of the usefulness in classroom scale were also over 3.0. These

results indicated that students felt positive about the MWT and its use in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.13. No significant differences were found. In

conclusion, student attitudes towards MWT and the usage of MWT were unchanged by the

introduction of MWT. Summary descriptive statistics for the non-paired data set are included

in Table 4.14.
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 27 2.50 4.50 3.75 3.70 0.52

Confidence (post) 15 2.75 5.00 4.00 3.97 0.74

Anxiety (pre) 27 2.00 5.00 3.80 3.73 0.70

Anxiety (post) 15 2.60 5.00 4.40 4.05 0.84

Liking (pre) 26 2.25 4.75 3.88 3.79 0.65

Liking (post) 15 2.00 5.00 3.25 3.22 0.78

Enthusiasm (pre) 29 2.33 5.00 4.00 3.74 0.70

Enthusiasm (post) 15 1.00 5.00 2.67 3.00 1.07

Usefulness in general (pre) 29 2.60 5.00 4.00 3.79 0.60

Usefulness in general (post) 14 2.20 4.60 3.20 3.19 0.72



Table 4.12. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Spring 2003).

Table 4.13. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ENGR 112, Spring 2003).
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Survey Scale n Mm Max Median Mean SD
Confidence (pre) 25 250 5.00 4.00 4.00 0.6(5

Confidence (post) 23 2.75 5.00 4.00 4.04 0.51

Anxiety (pre) 27 2.60 5.00 4.40 4.23 0.64
Anxiety (post) 23 3.40 5.00 4.20 4.25 0.51

Liking (pre) 25 3.00 5.00 4.00 4.13 0.51

Liking (post) 23 2.50 4.75 4.00 3.96 0.54

Enthusiasm (pre) 27 2.67 5.00 4.00 4.06 0.66
Enthusiasm (post) 23 2.67 5.00 3.67 3.84 0.64
Usefulness in general (pre) 27 3.20 4.80 4.20 4.07 0.46
Usefulness in general (post) 23 2.60 4.80 3.80 3.90 0.50

Usefulness in classroom 22 3.00 4.50 3.70 3.70 0.45

Survey Scale n Mm Max Median Mean SD p-value
Confidence (pre) 19 2.75 5.00 4.00 3.91 0.55

0.239Confidence (post) 19 2.75 5.00 4.00 4.05 0.49

Anxiety (pre) 21 2.80 5.00 4.20 4.17 0.54
0.457Anxiety (post) 21 3.40 5.00 4.20 4.28 0.49

Liking (pre) 19 3.00 5.00 4.00 4.14 0.55
0.324Liking (post) 19 3.25 4.75 4.00 4.05 0.40

Enthusiasm (pre) 21 2.67 5.00 4.00 4.05 0.60
0181

Enthusiasm (post) 21 2.67 5.00 4.00 3.89 0.65

Usefulness in general (pre) 21 3.20 4.80 4.20 4.06 0.48
0.3 20Usefulness in general (post) 21 3.00 4.80 4.00 3.97 0.43



Table 4.14. Summary descriptive statistics for each scale for non-paired data
(ENGR 112, Spring 2003).

Winter 2004

Table 4.15 summarizes the descriptive statistics for the entire data set for data

collected in Winter 2004. The overall responses were quite favorable. The median and the

mean scores were over 3.0 for all six scales for both the pre-test and post-test surveys. The

median and the mean scores of the usefulness in classroom scale were greater than 3.0,

indicating that students felt the devices were useful in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.16. No significant differences were found. In

conclusion, student attitudes towards MWT and the usage of MWT were unchanged by the

introduction of MWT. Summary descriptive statistics for the non-paired data set are included

in Table 4.17.
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 6 2.50 5.00 4.50 4.29 0.93

Confidence (post) 2 3.00 4.50 3.75 3.75 1.06

Anxiety (pre) 6 2.60 5.00 4.80 4.43 0.93

Anxiety (post) 2 3.40 4.60 4.00 4.00 0.85

Liking (pre) 6 3.50 4.50 4.13 4.08 0.34

Liking (post) 2 2.50 3.00 2.75 2.75 0.35

Enthusiasm(pre) 6 2.67 5.00 4.50 4.11 0.91

Enthusiasm (post) 2 3.33 3.33 3.33 3.33 0.00

Usefulness in general (pre) 6 3.60 4.80 4.00 4.10 0.45

Usefulness in general (post) 2 2.60 3.60 3.10 3.10 0.71



Table 4.15. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Winter 2004).

Table 4.16. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ENGR 112, Winter 2004).
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 81 2.00 5.00 4.00 4.00 0.58

Confidence (post) 69 1.00 5.00 4.00 4.09 0.61

Anxiety (pre) 81 1.60 5.00 4.00 4.12 0.64

Anxiety (post) 68 1.00 5.00 4.20 4.18 0.71

Liking (pre) 81 2.00 5.00 3.75 3.71 0.60

Liking (post) 70 2.00 5.00 3.75 3.71 0.68

Enthusiasm (pre) 81 1.33 5.00 3.33 3.40 0.70

Enthusiasm (post) 70 1.00 4.67 3.33 3.40 0.80

Usefulness in general (pre) 81 3.00 5.00 4.00 4.07 0.56

Usefulness in general (post) 70 2.80 5.00 4.20 4.15 0.63

Usefulness in classroom 69 2.40 4.80 3.60 3.56 0.56

Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 31 2.00 5.00 4.00 4.00 0.62
0204

Confidence (post) 31 1.00 5.00 4.00 4.08 0.72

Anxiety (pre) 32 1.60 5.00 4.00 4.07 0.68
0.125

Anxiety (post) 32 1.00 5.00 4.20 4.18 0.83

Liking (pre) 32 2.00 5.00 3.50 3.59 0.62
0.403

Liking (post) 32 2.00 5.00 3.88 3.67 0.74

Enthusiasm (pre) 32 1.67 5.00 3.33 3.27 0.74
0.322

Enthusiasm (post) 32 1.00 4.67 3.67 3.39 0.96

Usefulness in general (pre) 32 3.20 5.00 4.00 3.98 0.51
0.157

Usefulness in general (post) 32 2.80 5.00 4.00 4.09 0.70



Table 4.17. Summary descriptive statistics for each scale for non-paired data
(ENGR 112, Winter 2004).

Winter 2005

Table 4.18 summarizes the descriptive statistics for the entire data set for data

collected in Winter 2005. The median and the mean scores were over 3.0 for all six scales for

both the pre-test and post-test surveys, showing that students responded favorably to the use

of MWT in a traditional classroom setting. The median and the mean scores of the usefulness

in classroom scale were also over 3.0. These results indicated that students had positive

attitudes toward the MWT and its use in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.19. No significant differences were found, In

conclusion, student attitudes towards MWT and the usage of MWT were unchanged by the

introduction of MWT. Summary descriptive statistics for the non-paired data set are included

in Table 4.20.
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 49 2.25 5.00 4.00 3.98 0.57

Confidence(post) 38 3.00 5.00 4.00 4.11 0.50

Anxiety (pre) 49 2.80 5.00 4.00 4.16 0.62

Anxiety (post) 36 2.80 5.00 4.20 4.17 0.61

Liking (pre) 49 2.50 5.00 3.75 3.79 0.59

Liking (post) 38 2.25 475 3.75 3.74 0.64

Enthusiasm (pre) 49 1.33 5.00 3.33 3.48 0.66

Enthusiasm (post) 38 1.67 4.67 3.33 3.40 0.64

Usefulness in general (pre) 49 3.00 5.00 4.00 4.12 0.58

Usefulness in general (post) 38 2.80 5.00 4.20 4.19 0.57



Table 4.18. Summary descriptive statistics for each scale for entire data set
(ENGR 112, Winter 2005).

Table 4.19. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ENGR 112, Winter 2005).
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 77 2.00 5.00 4.00 4.01 0.64

Confidence (post) 61 2.50 5.00 4.25 4.18 0.57

Anxiety (pre) 75 1.60 5.00 4.00 4.10 0.69

Anxiety (post) 61 2.20 5.00 4.00 4.19 0.72

Liking (pre) 76 2.25 5.00 4.00 3.95 0.59

Liking (post) 60 2.50 5.00 4.00 4.10 0.58

Enthusiasm (pre) 77 1.67 5.00 3.67 3.68 0.66

Enthusiasm (post) 61 1.33 5.00 4.00 3.78 0.70

Usefulness in general (pre) 74 3.00 5.00 4.30 4.30 0.54

Usefulness in general (post) 61 2.60 5.00 4.40 4.33 0.55

Usefulness in classroom 59 1.50 5.00 3.90 3.80 0.64

Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 43 2.50 5.00 4.00 4.112 0.55
0.381

Confidence (post) 43 2.50 5.00 4.00 4.18 0.53

Anxiety (pre) 43 2.80 5.00 4.20 4.27 0.58
0.957

Anxiety (post) 43 2.20 5.00 4.00 4.26 0.62

Liking (pre) 42 2.75 5.00 4.00 4.05 0.51
0.983

Liking (post) 42 3.00 5.00 4.00 4.06 0.49

Enthusiasm (pre) 43 1.67 5.00 3.67 3.77 0.64
0.818

Enthusiasm (post) 43 1.33 5.00 3.67 3.74 0.73

Usefulness in general (pre) 40 3.00 5.00 4.20 4.32 0.54
0.299

Usefulness in general (post) 40 2.60 5.00 4.20 4.28 0.55



Table 4.20. Summary descriptive statistics for each scale for non-paired data
(ENGR 112, Winter 2005).

401.4.2 Visual Programming for Industrial Application (IE 411)

Table 4.21 summarizes the descriptive statistics for the entire data set for Winter

2004. The overall responses were quite favorable. The median and the mean scores were over

3.0 for all six scales for both the pre-test and post-test surveys. The median and the mean

scores of the usefulness in classroom scale were also greater than 3.0. These results indicated

that students had positive attitudes about the MWT and its use in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.22. A significant difference was found in the

enthusiasm scale. There was sufficient evidence to conclude that student enthusiasm was

lower at the end of the teiiii. Since all post-test surveys could be matched with pre-test

surveys, non-paired data analysis was not completed. Two additional pre-test surveys were

submitted, but there were no additional post-test surveys submitted at the end of the teiiii.
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 34 2.00 5.00 3.88 3.88 0.73

Confidence(post) 18 3.00 5.00 4.25 4.19 0.66
Anxiety (pre) 32 1.60 5.00 4.00 3.88 0.76

Anxiety (post) 18 2.40 5.00 4.10 4.04 0.92
Liking (pre) 34 2.25 5.00 4.00 3.84 0.67
Liking (post) 17 2.50 5.00 4.25 4.13 0.75

Enthusiasm (pre) 34 1.67 4.67 3.67 3.58 0.67
Enthusiasm (post) 18 2.33 4.67 4.00 3.87 0.62

Usefulness in general (pre) 34 3.20 5.00 4.40 4.28 0.55

Usefulness in general (post) 18 3.00 5.00 4.50 4.44 0.55



Table 4.21. Summary descriptive statistics for each scale for entire data set (IF 411).

Table 4.22. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (IE 411).

4.1.4.3 General Physics (PH 202)

Table 4.23 summarizes the descriptive statistics for the entire data set for data

collected in Winter 2004. The median and the mean scores were over 3.0 for all six scales for

both the pre-test and post-test surveys, except for the enthusiasm scale. The median and the
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Survey Scale n Mm Max Median Mean SD

Confidence (pre) 21 3.50 5.00 4.25 4.25 0,50
Confidence (post) 19 3.75 5.00 4.00 4.30 0.48
Anxiety (pre) 21 3.00 5.00 4.60 4.39 0.61

Anxiety (post) 19 3.20 5.00 4.40 4.36 0.53

Liking (pre) 20 3.25 5.00 4.00 4.10 0.60
Liking (post) 19 2.25 5.00 4.00 3.97 0.76
Enthusiasm (pre) 20 3.00 5.00 4.17 4.18 0.61

Enthusiasm (post) 19 2.33 5.00 3.67 3.88 0.73

Usefulness in general (pre) 21 3.80 5.00 4.60 4.49 0.41

Usefulness in general (post) 19 3.20 5.00 4.40 4.33 0.55

Usefulness in classroom 19 1.50 4.20 3.30 3.27 0.79

Survey Scale n Mm Max Median Mean SD p-value
Confidence (pre) 19 3.50 5.00 4.25 4.24 0.48

0.538Confidence (post) 19 3.75 5.00 4.00 4.30 0.48

Anxiety (pre) 19 3.00 5.00 4.60 4.41 0.59
0.723Anxiety (post) 19 3.20 5.00 4.40 4.36 0.53

Liking (pre) 18 3.25 5.00 4.00 4.08 0.58
0.338Liking (post) 18 2.25 5.00 4.00 3.96 0.78

Enthusiasm (pre) 18 3.00 5.00 4.17 4.15 0.61
0.025Enthusiasm (post) 18 2.33 5.00 3.67 3.82 0.70

Usefulness in general (pre) 19 3.80 5.00 4.60 4.49 0.43
0.115

Usefulness in general (post) 19 3.20 5.00 4.40 4.33 0.55
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mean scores of the usefulness in classroom scale were greater than 3.0, indicating that

students felt positively about the value of using the MWT in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.24. A significant difference was found in the liking

scale. There was sufficient evidence to conclude that student liking of MWT was lower at the

end of the term. Summary descriptive statistics for the non-paired data set are included in

Table 4.25. Since pairing effects were identified, these data were not used further.

Table 4.23. Summary descriptive statistics for each scale for entire data set (PH 202).

internal reliability was less than 0.65.

Survey Scale n Mm Max Median Mean SD
Confidence (pre)* 353 1.00 5.00 4.33 4.23 0.68
Confidence (post)* 245 1.00 5.00 4.33 4.22 0.72

Anxiety (pre) 351 1.40 5.00 4.60 4.36 0.70
Anxiety (post) 244 1.00 5.00 4.60 4.35 0.77

Liking (pre) 353 1.00 5.00 3.25 323 1.01

Liking (post) 244 1.00 5.00 3.25 3.18 0.97

Enthusiasm (pre) 355 1.00 5.00 2.33 2.25 0.85

Enthusiasm (post) 250 1.00 5.00 2.33 2.19 0.87

Usefulness in general (pre)* 353 1.00 5.00 3.00 3.11 1.22

Usefulness in general (post)* 250 1.00 5.00 3.00 3.04 1.26

Usefulness in classroom 245 1.00 5.00 3.50 3.39 0.75



Table 4.24. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (PH 202).

internal reliability was less than 0.65.

Table 4.25. Summary descriptive statistics for each scale for non-paired data (PH 202).

cale internal reliability was less than 0.65.

4.1.4.4 Chemical Engineering Orientation (CHE 101)
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Table 4.26 summarizes the descriptive statistics for the entire data set for data

collected in Fall 2004. The overall responses were quite favorable. The median and the mean

Survey Scale n Mm Max Median Mean SD p-value
Confidence (pre)* 88 2.33 5.00 4.33 4.30 0.60

0.742Confidence (post)* 88 3.00 5.00 4.33 4.27 0.62

Anxiety (pre) 88 1.60 5.00 4.70 4.42 0.65
0.2 13

Anxiety (post) 88 1.80 5.00 4.60 4.49 0.60

Liking(pre) 88 1.00 5.00 3.50 3.41 0.86
0.040Liking (post) 88 1.00 5.00 3.25 3.24 0.96

Enthusiasm (pre) 90 1.00 4.00 2.33 2.24 0.75
0.372Enthusiasm (post) 90 1.00 5.00 2.33 2.20 0.80

Usefulness in general (pre)* 87 1.00 5.00 3.00 3.13 1.10
0.519Usefulness in general (post)* 87 1.00 5.00 3.00 3.05 1.16

Survey Scale n Mm Max Median Mean SD
Confidence (pre)* 264 1.00 5.00 4.33 4.21 0.71

Confidence (post)* 156 1.00 5.00 4.33 4.19 0.77

Anxiety (pre) 262 1.40 5.00 4.60 4.34 0.72

Anxiety (post) 156 1.00 5.00 4.40 4.26 0.84

Liking (pre) 263 1.00 5.00 3.25 3.17 1.05

Liking (post) 156 1.00 5.00 3.25 3.15 0.98

Enthusiasm (pre) 265 1.00 5.00 2.33 2.25 0.89

Enthusiasm (post) 160 1.00 5.00 2.33 2.19 0.91

Usefulness in general (pre)* 265 1.00 5.00 3.00 3.10 1.25

Usefulness in general (post)* 161 1.00 5.00 3.00 3.02 1.31
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scores were over 3.0 for all six scales for both the pre-test and post-test surveys. The median

and the mean scores of the usefulness in classroom scale were also greater then 3.0. These

results indicated that students had positive attitudes towards the MWT and its use in the

classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.27. A significant difference was found for the

confidence scale. There was sufficient evidence to conclude that student confidence in MWT

and the usage of MWT was higher after the introduction of MWT into the c1assroom

Summary descriptive statistics for the non-paired data set are included in Table 4.28.

Table 4.26. Summary descriptive statistics for each scale for entire data set (CHE 101),

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 55 2.00 5.00 4.00 3.92 0.71

Confidence (post) 62 1.75 5.00 4.25 4.07 067
Anxiety (pre) 53 1.80 5.00 4.20 4.02 0.78

Anxiety (post) 60 2.20 5.00 4.10 4.16 0.69

Liking (pre) 50 2.50 5.00 4.00 3.92 0.66
Liking (post) 59 2.00 5.00 4.00 3.80 0.68

Enthusiasm (pre) 54 1.00 5.00 3.67 3.45 0.85

Enthusiasm (post) 61 1.00 5.00 3.33 3.45 0.83

Usefulness in general (pre) 55 1.80 5.00 4.40 4.25 0.71

Usefulness in general (post) 62 1.80 5.00 4.40 4.26 0.60

Usefulness in classroom 62 1.10 5.00 3.30 3.40 0.71



Table 4.27. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (CHE 101).

Table 4.28. Summary descriptive statistics for each scale for non-paired data (CHE 101).

4.1.4.5 Introductory Chemical Engineering Computation (CHE 102)

Table 4.29 summarizes the descriptive statistics for the entire data set for data

collected in Winter term 2005. The overall responses were quite favorable. The median and

the mean scores were over 3.0 for all six scales for both the pre-test and post-test surveys,

showing that students responded favorably to the use of MWT in a traditional classroom
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 32 2.50 5.00 4.00 3.96 0.69
Q.041

Confidence (post) 32 3.25 5.00 4.13 4.17 0.49

Anxiety (pre) 31 2.20 5.00 4.00 4.03 0.75
0.161

Anxiety (post) 31 2.80 5.00 4.00 4.17 0.60

Liking (pre) 29 2.50 5.00 4.00 3.92 0.66
0.45 1

Liking (post) 29 2.00 4.75 4.00 3.84 0.58

Enthusiasm (pre) 31 1.00 4.33 3.67 3.44 0.79
0.429

Enthusiasm (post) 31 1.67 5.00 3.33 3.55 0.81

Usefulness in general (pre) 32 1.80 5.00 4.20 4.21 0.70
0.846

Usefulness in general (post) 32 3.00 5.00 4.40 4.24 0.59

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 23 2.00 5.00 4.00 3.86 0.74

Confidence (post) 30 1.75 5.00 4.25 3.97 0.81

Anxiety (pre) 22 1.80 5.00 4.20 4.00 0.85

Anxiety (post) 29 2.20 5.00 4.20 4.14 0.77

Liking (pre) 21 2.50 5.00 4.00 3.92 0.69

Liking (post) 30 2.00 5.00 3.75 3.75 0.78

Enthusiasm (pre) 23 1.67 5.00 3.67 3.47 0.95

Enthusiasm (post) 30 1.00 5.00 3.33 3.34 0.85

Usefulness in general (pre) 23 2.60 5.00 4.40 4.30 0.74

Usefulness in general (post) 30 1.80 5.00 4.30 4.29 0.62
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setting. The median and the mean scores of the usefulness in classroom scale were also

greater than 3.0. These results indicated that students had positive attitudes towards MWT

and its use in the classroom.

Summary descriptive statistics for the paired data set and results of the Wilcoxon

Signed-Rank test are included in Table 4.30. A significant difference was found for the

confidence scale. There was sufficient evidence to conclude that student confidence in MWT

and the usage of MWT was higher after the introduction of MWT. Summary descriptive

statistics for the non-paired data set are included in Table 4.31.

Table 4.29. Summary descriptive statistics for each scale for entire data set (CHE 102).

Survey Scale n Mm Max Median Mean SD

Confidence(pre) 84 2.50 500 4.00 4.11 0.61

Confidence (post) 69 2.00 5.00 4.25 4.14 0.66

Anxiety (pre) 84 2.40 5.00 4.20 4.14 0.68

Anxiety (post) 70 2.20 5.00 4.20 4.15 0.72

Liking (pre) 83 1.25 5.00 3,75 3.82 0.72

Liking (post) 69 2.25 5.00 3.75 3.86 0.72

Enthusiasm (pre) 84 1.33 5.00 3.67 3.65 0.79

Enthusiasm (post) 70 2.33 5.00 3.67 3.59 0.67

Usefulness in general (pre) 84 2.60 5.00 4.40 4.36 0.54

Usefulness in general (post) 70 1.40 5.00 4.40 4.21 0.71

Usefulnessinclassroom 68 1.60 4.90 3.80 3.78 0.63



Table 4.30. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (CHE 102).

Table 4.31. Summary descriptive statistics for each scale for non-paired data (CHE 102).

4.1.4.6 Introduction to Statistics for Engineers (ST 314)

Table 4.32 summarizes the descriptive statistics for the entire data set for data

collected in Spring 2005. The overall responses were quite favorable. The median and the

mean scores were over 3.0 for all scales for both the pre-test and post-test surveys, showing

that students responded favorably to the use of MWT in a traditional classroom setting. The
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 43 2.50 5.00 4.00 4.13 0.59
0.048

Confidence (post) 43 3.00 5.00 4.25 4.24 0.60

Anxiety (pre) 43 2.60 5.00 4.20 4.17 0.63
0.319

Anxiety (post) 43 3.00 5.00 4.20 4.26 0.61

Liking (pre) 41 1.25 5.00 4.00 3.93 0.67
0.536

Liking (post) 41 2.75 5.00 4.00 4.01 0.66

Enthusiasm (pre) 43 2.00 5.00 3.67 3.77 0.69
0.119

Enthusiasm (post) 43 2.67 5.00 3.67 3.64 0.68

Usefulness in general (pre) 43 3.60 5.00 4.60 4.46 0.45
0.271

Usefulness in general (post) 43 3.00 5.00 4.40 4.35 0.58

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 41 3.00 5.00 4.00 4.09 0.64

Confidence (post) 26 2.00 5.00 4.00 3.98 0.74

Anxiety (pre) 41 2.40 5.00 4.20 4.11 0.74

Anxiety (post) 27 2.20 5.00 4.20 3.99 0.84

Liking (pre) 41 2.00 5.00 3.75 3.69 0.74

Liking (post) 27 2.25 5.00 3.50 3.64 0.76

Enthusiasm (pre) 41 1.33 5.00 3.67 3.52 0.87

Enthusiasm (post) 27 2.33 5.00 3.33 3.51 0.67

Usefulness in general (pre) 41 2.60 5.00 4.20 4.25 0.61

Usefulness in general (post) 27 1.40 5.00 4.00 3.98 0.85
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median and the mean scores of the usefulness in classroom scale were also greater than 3.0.

These results indicated that students had positive attitudes towards the MWT and its use in

the classroom.

Summary descriptive statistics for the paired data set used for this analysis and results

of the Wilcoxon Signed-Rank test are included in Table 4.33. No significant differences were

found. In conclusion, student attitudes towards MWT and the usage of MWT were unchanged

by the introduction of MWT. Summary descriptive statistics for the non-paired data set are

included in Table 4.34.

Table 4.32. Summary descriptive statistics for each scale for entire data set (ST 314).

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 37 2.75 5.00 4.50 4.34 0.62

Confidence (post) 46 2.75 5.00 4.00 4.18 0.60

Anxiety (pre) 36 3.00 5.00 4.50 442 0.60

Anxiety (post) 45 2.80 5.00 4.20 4.25 0.56

Liking (pre) 37 1.75 5.00 3.75 3.68 0.88

Liking (post) 46 2.00 5.00 3.75 3.67 0.74

Enthusiasm (pre) 36 1.00 5.00 3.50 3.50 1.03

Enthusiasm (post) 46 1.33 5.00 3.33 3.36 0.74

Usefulness in general (pre) 36 2.80 5.00 4.20 4.27 0.62

Usefulness in general (post) 45 2.80 5.00 4.20 4.19 0.61

Usefulness in classroom 44 1 20 4.30 3.20 3.13 0.63



Table 4.33. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (ST 314).

Table 4.34. Summary descriptive statistics for each scale for non-paired data (ST 314).

4.1.4.7 Civil Engineering I: Problem Solving and Technology (CE 102)

Table 4.35 summarizes the descriptive statistics for the entire data set for data

collected in Spring 2005. The overall responses were quite favorable. The median and the

mean scores were over 3.0 for all scales for both the pre-test and post-test surveys, showing

that students responded favorably to the use of MWT in a traditional classroom setting. The
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 17 2.75 5.00 4.75 4.40 0.64
0959

Confidence (post) 17 3.50 5.00 4.25 4.38 0.53

Anxiety (pre) 16 3.00 5.00 4.50 4.45 0.58
0.833

Anxiety (post) 16 3.60 5.00 4.40 4.43 0.54

Liking (pre) 17 1.75 5.00 3.50 3.71 1.06
0.285

Liking (post) 17 2.00 5.00 3.50 3.84 0.88

Enthusiasm (pre) 16 1.00 5.00 3.34 3.44 1.17
0.788

Enthusiasm (post) 16 2.00 5.00 3.17 3.48 0.91

Usefulness in general (pre) 16 2.80 5.00 4.20 4.30 0.68
0.645

Usefulness in general (post) 16 3.00 5.00 4.40 4.38 0.64

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 20 3.25 5.00 4.25 4.30 0.62

Confidence (post) 29 2.75 5.00 4.00 4.07 0.61

Anxiety (pre) 19 3.00 5.00 4.60 4.41 0.65

Anxiety (post) 29 2.80 5.00 4.00 4.16 0.55

Liking (pre) 20 1.75 4.75 3.75 3.65 0.72

Liking (post) 29 2.00 4.75 3.75 3.58 0.64

Enthusiasm (pre) 20 1.33 5.00 3.50 3.55 0.93

Enthusiasm (post) 29 1.33 4.67 3.33 3.29 0.65

Usefulness in general (pre) 19 3.20 5.00 4.20 4.23 0.59

Usefulness in general (post) 29 2.80 5.00 4.00 4.09 0.58
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median and the mean scores of the usefulness in classroom scale were also greater than 3.0.

These results indicated that students had positive attitudes towards the MWT and its use in

the classroom.

Summary descriptive statistics for the paired data set used for this analysis and results

of the Wilcoxon Signed-Rank test are included in Table 4.36. Significant differences were

found for the enthusiasm and usefulness (general) scales. There was sufficient evidence to

conclude that student attitudes towards MWT and the usage of MWT were lower after the

introduction of MWT in the enthusiasm and usefulness (general) scales. Summary descriptive

statistics for the non-paired data set are included in Table 4.37.

Table 4.35. Summary descriptive statistics for each scale for entire data set (CE 102).

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 79 2.50 5.00 4.00 3.93 0.59

Confidence (post) 95 2.00 5.00 4.00 3.92 0.62

Anxiety (pre) 78 2.60 5.00 4.00 4.00 0.64

Anxiety (post) 94 1.80 5.00 4.00 3.91 0.72

Liking (pre) 79 1.50 5.00 4.00 3.95 0.68

Liking (post) 92 2.00 5.00 4.00 3.83 0.73

Enthusiasm (pre) 79 2.33 5,00 4.00 3.84 0.65

Enthusiasm (post) 96 2.00 5.00 3.67 3.63 0.74

Usefulness in general (pre) 79 1.80 5.00 4.60 4.47 0.53

Usefulness in general (post) 96 3.00 5.00 4.20 4.25 0.55

Usefulness in classroom 95 2.00 5.00 3.70 3.62 0.60



Table 4.36. Summary descriptive statistics for each scale for paired data and results of
Wilcoxon Signed-Rank test (CE 102).

Table 4.37. Summary descriptive statistics for each scale for non-paired data (CE 102),

4.1.5 Attitude Analyses Summary

Summary results from the paired data analysis are shown in Table 4.38. An entry of

"Yes" indicates that significant differences were found. A "+" sign represents a signifcant

difference where a post-test attitude score was higher than a pre-test attitude score. A "-" sign
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (pre) 55 2.50 5.00 4.00 3.99 0.58
0.69 1

Confidence (post) 55 2.50 5.00 4.00 4.00 0.59

Anxiety (pre) 53 2.60 5.00 4.00 4.09 0.60
0.994

Anxiety (post) 53 1.80 5.00 4.00 4.06 0.64

Liking (pre) 53 1.50 5.00 4.00 4.07 0.64
0.215

Liking (post) 53 2.00 5.00 4.00 3.96 0.69

Enthusiasm (pre) 55 2.33 5.00 4.00 3.93 0.62
0.004

Enthusiasm (post) 55 2.00 5.00 3.67 3.69 0.71

Usefulness in general (pre) 55 3.20 5.00 4.60 4.56 0.43
0.001

Usefulness in general (post) 55 3.00 5.00 4.20 4.31 0.54

Survey Scale n Mm Max Median Mean SD

Confidence (pre) 24 2.50 5.00 3.75 3.81 0.60

Confidence (post) 40 2.00 5.00 3.75 3.81 0.66

Anxiety (pre) 24 2.60 5.00 3.90 3.78 0.68

Anxiety (post) 40 2.20 5.00 3.90 3.72 078

Liking (pre) 24 1.75 4.75 3.88 3.70 0.71

Liking (post) 39 2.00 5.00 3.75 3.65 0.76

Enthusiasm (pre) 24 2.33 5.00 3.84 3.64 0.67

Enthusiasm (post) 41 2.00 5.00 3.67 3.56 0.77

Usefulness in general (pre) 24 1.80 5.00 4.40 4.26 0.67

Usefulness in general (post) 41 3.00 5.00 4.20 4.18 0.54



131

represents a significant difference where a pre-test attitude score was higher than a post-test

attitude score. An entry of "No" indicates that no significant difference was found.

Table 4.38. Student attitude results from paired data analysis.

cale internal reliability was less than 0.65.

4.1.6 Analysis of the Effects of MWT Device Type, Distribution Methods, and
Wireless Capability on Student Attitudes

The overall data set for ENGR 112 were further analyzed to see if there were any

differences between the changes of student attitudes after MWT were used in the classroom

(post-test - pre-test) when the type of device, distribution method, and wireless capability

are taken into account. Table 4.39 summarizes the research design and the research

question for each comparison. There were two types of distribution methods; (1) students

checked out devices as they arrived and checked in devices before they left the classroom,

Course Term!
Device

Significant Differences Identified by Attitude Scale

Confidence Anxiety Liking Enthusiasm
Usefulness
in general

ENGR 112 Spring 2002/
PDA Yes( Yes(+) No No No*

Winter 2003/
PDA No No Yes(-) Yes(-) Yes(-)

Spring 2003/
PDA No No No No No

Winter 2004/
Laptop No No No No No

Winter 2005/
Laptop

Winter 2004/
Laptop

No

No

No

No

No

No

No

Yes(-)

No

No1E411

PH 202 Winter 2004/
PRS

No* No Yes(-) No No*

CHE 101 Fall 2004/
Laptop Yes(+,) No No No No

CHE 102 Winter 2005/
Laptop

Spring 2005/
Laptop

Yes(+)

No

No

No

No

No

No

No

No

NoST 314

CE 102 Spring 2005/
Laptop No No No Yes(-) Yes(-)



Le aOOreviations a and b are used to represent the distribution methods where;
a = Students checked out devices as they arrived and checked in devices before they left the classroom.
b = Devices were loaned to the students for the duration of the term or students owned the laptops used.

4.1.6.1 Analysis of the Effects of Distribution Method and Wireless Capability on Student
Attitudes

Research question: Are there differences in the change in attitudes after MWT devices

were used in the classroom (post-test - pre-test) when the distribution

method and wireless capability are taken into account?

Hypothesis: There are no significant differences in the change in attitudes after

MWT devices were used in the classroom (post-test - p re-test) when

the distribution method and wireless capability are taken into account.
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and (2) devices were loaned to the student for the duration of the teiiii or students owned

the devices used. In the former distribution method, students had access to the devices oniy

in the classroom, whereas in the latter method, students were able to use the devices both

inside and outside the classroom. In some tetins, wireless capability was also available.

There were two types of devices; (1) PDAs, and (2) laptops used in this part of the analysis.

Table 4.39. Research design and research questions when distribution methods and
wireless capability, and type of MWT devices are taken into account.

Term
(MWT Device,

Wireless Capability,
Distribution Method)

NCC oN z
._ .i

C'
C .

N

.<

C .-C '
N

. .

CC
N

-

C''tC .)
N >

Research Question

Spring 2002
(PDA, No, a)

V V Are there differences in the change in
attitudes after MWT devices were
used in the classroom (post-test - pre-
test) when the distribution method
and wireless capability are taken into
account?

Winter 2004
(Laptop, No, a)

Winter 2004
(Laptop, No, a)

V Are there differences in the change in
attitudes after M\VT devices were
used in the classroom (post-test - pre-
test) when the type of MWT devices
is taken into account

Winter 2005
(Laptop, Yes, b)

V V



4.1.6.1.1 Spring 2002 vs. Winter 2003 and Spring 2003 (PDA 's)

A normal Q-Q plot for each attitude scale was reviewed. The data appeared to be

normally distributed for all scales. Figure 4.2 shows an example of a normal Q-Q plot for the

"confidence" scale. The points clustered around a straight line providing evidence of

normally distributed data. Levene's test for the equality of variances was also performed.

Variances for all scales were not significantly different.

1.5

1.0 -

u 0.5

0.0 -
0z
0

-1.0 -

-1.5
-1.5

Observed Value

Figure 4.2. Example of normal Q-Q plot (Confidence scale for Spring 2002 vs. Winter
2003 and Spring 2003).

Once normality and equality of variance were established, a linear contrast of

treatment means test was performed to determine if there were differences in the change in

attitudes after PDA's were used in the classroom (post-test - pre-test) when distribution

method and wireless capability were taken into account. The null hypothesis was that of no

difference in the change of student attitudes between two distribution methods with and

0.5 1.0 1.5 2.0
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without wireless capability, H0 = Pa distribution method without wireless capability - !-'b distribution method with

wireless capability = 0 where "a" is students checked out and in and "b" is term loan/student

ownership. The alternate hypothesis was Ha = 1a distribution method without wireless capability - f-tb distribution

method with wireless capability 0. a distribution method without wireless capability - P-b distribution method with wireless

Capability can be written as a linear function of the means, C = P-spring 2002 - ((J.twinter 2003 + P-Spring

2003 )/2). From the results of the linear contrast test, significant differences were found in both

the confidence and liking scales. Results indicated that the positive change in the confidence

and liking scales after MWT devices with the a distribution method without wireless

capability were used in the classroom was greater than the change of the b distribution

method with wireless capability. Summary descriptive statistics and results of the linear

contrast test are included in Table 4.40.

Table 4.40. Summary descriptive statistics for the change in attitudes and results of linear
contrast test (ENGR 112, Spring 2002 vs. Winter 2003 and Spring 2003).

Survey Scale Term n Mm Max Mean SD p-value

Confidence Spring 02 10 -0.25 1.75 0.43 0.60 0.039

Winter 03 31 -1.25 1.00 -0.10 0.57

Spring 03 19 -0.50 1.25 0.14 0.48
Anxiety Spring 02 10 -0.20 1.40 0.40 0.48 0.060

Winter 03 29 -0.80 1.20 0.07 0.45

Spring 03 21 -0.60 1.40 0.11 0.48
Liking Spring 02 9 -0.50 0.50 0.14 0.28 0.015

Winter 03 31 -1.50 0.75 -0.49 0.54

Spring 03 19 -1.00 0.75 -0.09 0.41

Enthusiasm Spring 02 10 -1.00 0.33 -0.37 0.48 0.992

Winter03 31 -1.67 0.67 -0.58 0.63

Spring 03 21 -1.00 1.00 -0.16 0.51

Usefulness in general Spring 02 10 -0.67 0.67 0.00 0.35 0.279

Winter 03 31 -2.00 0.60 -0.27 0.54

Spring 03 21 -0.80 0.60 -0.09 0.41



4.1.6.1.2 Winter 2004 vs. Winter 2005 (Laptops)

A. normal Q-Q plot was used to evaluate the noiiiiality of each attitude scale. The data

were approximately normally distributed for all scales. Figure 4.3 shows an example of a

normal Q-Q plot for the "usefulness in general" scale. Levene's test for equality of variances

was also performed. Variances for all scales were not significantly different,
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Figure 4.3. Example of normal Q-Q plot (Usefulness in general scale for Winter 2004 vs.
Winter 2005)

A t-test was performed to see if there were any differences in the change in attitudes

after laptops were used in the classroom (post-test - pre-test) when distribution method and

wireless capability were taken into account. The null hypothesis was that of no difference

between the two means, H0: 1Winter2004 - -tWinter2005 = 0 and the alternate hypothesis was Ha:

IWjnter2OO4 - ItWinter2005 0. No significant differences were found. Summary descriptive

statistics and results of the t-tests are included in Table 4.41. In Winter term 2004, students

shared the laptops, since only a limited number of laptops was available for in-class usage.



Table 4.41. Summary descriptive statistics for the change in attitudes and results of t-test
(ENGR 112, Winter 2004 and Winter 2005).

4.1.6.2 Analysis of the Effect of Device Type on Student Attitudes

Research question: Are there differences in the change in attitudes after MWT devices

were used in the classroom (post-test - pre-test) when the type of MWT

devices is taken into account?

Hypothesis: There are no significant differences in the change in attitudes after

MWT devices were used in the classroom (post-test - pre-test) when

the type of MWT devices is taken into account.

4.1.6.2.1 Winter 2004 vs. Spring 2002 (Laptops vs. PDAs, no wireless, and check in/out
method)

A noiuial Q-Q plot for each attitude scale was reviewed. The data appeared to be

approximately normally distributed for all scales. Figure 4.4 shows an example of a normal

Q-Q plot for the "anxiety" scale. Levene's test for the equality of variances was also

performed. Variances for all scales were not significantly different.
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Survey Scale Term n Mm Max Mean SD p-value

Confidence Winter 2004 31 -1.00 0.75 0.08 0.38 0.801
Winter 2005 43 -1.00 1.00 0.06 0.43

Anxiety Winter2004 32 -1.20 1.00 0.11 0.47 0.222
Winter2005 43 -1.00 1.00 -0.01 0.41

Liking Winter2004 32 -1.00 1.00 0.08 0.47 0.527
Winter 2005 42 -0.75 1.25 0.01 0.42

Enthusiasm Winter2004 32 -0.67 1.67 0.11 0.55 0.226
Winter2005 43 -1.00 1.00 -0.02 0.42

Usefulness in general Winter 2004 32 -0.80 1.00 0.11 0.40 0.164
Winter 2005 40 -0.80 1.60 -0.04 0.44
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Figure 4.4. Example of normal Q-Q plot (Anxiety scale for Winter 2004 vs. Spring 2002)

A t-test was perfoiiiied to see if there were any differences in the change in attitudes

after MWT devices were used in the classroom (post-test - pre-test) when the type of MWT

devices was taken into account (PDA vs. laptop). The null hypothesis was that of no

difference between the two means, H0: -tWixIter2004 - Spring2002 = 0 and the alternate hypothesis

was Ha: J-tWinter2004 - P-Spring2 002 0. Results from the t-test indicated that significant differences

were found in both confidence and enthusiasm scales. Results indicated that the change in

confidence was higher when laptops were used, but the change in enthusiasm was lower.

Students shared laptops in Winter term 2004. Summary descriptive statistics and results of the

t-test are included in Table 4.42.
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Table 4.42. Summary descriptive statistics for the change in attitudes and results of t-test
(ENGR 112, Winter 2004 and Spring 2002).

4.1.6.2.2 Winter 2005 vs. Winter 2003 and Spring 2003 (Laptops vs. PDAs, wireless, and
term loan method)
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A normal Q-Q plot for each attitude scale was reviewed. The data appeared to be

approximately normally distributed for all scales. Figure 4.5 shows an example of a normal

Q-Q plot for the "liking" scale. Levene's test for equality of variances was also performed.

Variances for all scales were not significantly different.

Survey Scale Term n Mm Max Mean SD p-value

Confidence Winter 2004 10 -0.25 1.75 0.43 0.60 0.038

Spring 2002 31 -1.00 0.75 0.08 0.38

Anxiety Winter 2004 10 -0.20 1.40 0.40 0.48 0.103

Spring 2002 32 -1.20 1.00 0.11 0.47

Liking Winter 2004 9 -0.50 0.50 0.14 0.28 0.717

Spring 2002 32 -1.00 1.00 0.08 0.47

Enthusiasm Winter 2004 10 -1.00 0.33 -0.37 0.48 0.018

Spring2002 32 -0.67 1.67 0.11 0.55

Usefulness in general Winter 2004 10 -0.67 0.67 000 0.35 0.453

Spring 2002 32 -0.80 1.00 0.11 0.40
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Figure 4.5. Example of normal Q-Q plot (Liking scale for Winter 2005 vs. Winter 2003
and Spring 2003).

A linear contrasts of treatment means test was performed to deteiinine if there were

differences in the change in attitudes after MWT devices were used in the classroom (post-

test - pre-test) when the type of MWT device was taken into account. The null hypothesis

was that of no difference, H0 = - 1PDA = 0 and the alternate hypothesis was Ha = J.tiaptop

P.PDA l.tlaptop - l.LPDA can be written as a linear function of the means, C = JJwinter 2005

((Pwinter 2003 + Spring 2003 )/2). From the results of the linear contrast test, significant differences

were found for the change in both liking and enthusiasm. Results indicated that the change in

liking and enthusiasm were greater (in positive way) when laptops were used than when

PDAs were used. Summary descriptive statistics and results of the linear contrast test are

included in Table 4.43.
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Table 4.43. Summary descriptive statistics for the change in attitudes and results of linear
contrast test (ENGR 112, Winter 2005 vs. Winter 2003 and Spring 2003).

4.2 Student Learning Study

Research question: Does the introduction of MWT in the classroom affect student learning

outcomes?

Hypothesis 2: The introduction of MWT in the classroom does not ffect student

learning outcomes.

This section discusses student learning from two different perspectives; (1) student

performance on homework, and (2) student learning from instructor perspectives.

4.2.1 Student Learning Outcomes as Measured by Student Performance on Homework

Student homework grades from ENGR 112 in Winter 2004 and Winter 2005 were

compared to determine if the introduction of MWT improved student learning outcomes.

These two courses were held in the same tenu, but in different years. The same class material,

Survey Scale Term n Mm Max Mean SD p-value

Confidence Winter 2005 43 -1.00 1.00 0.06 0.43 0.730
Winter 2003 31 -1.25 1.00 -0.10 0.57
Spring 2003 19 -0.50 1.25 0.14 0.48

Anxiety Winter 2005 43 -1.00 1.00 -0.01 0.41 0.279
Winter 2003 29 -0.80 1.20 0.07 0.45
Spring 2003 21 -0.60 1.40 0.10 0.48

Liking Winter 2005 42 -0.75 1.25 0.01 0.42 0.003
Winter 2003 31 -1.50 0.75 -0.49 0.54
Spring 2003 19 -1.00 0.75 -0.09 0.41

Enthusiasm Winter 2005 43 -1.00 1.00 -0.02 0.42 0.001
Winter 2003 31 -1.67 0.67 -0.58 0.63
Spring 2003 21 -1.00 1.00 -0.16 0.51

Usefulness in general Winter 2005 40 -0.80 1.60 -0.04 0.44 0.154
Winter 2003 31 -2.00 0.60 -0.27 0.54
Spring 2003 21 -0.80 0.60 -0.09 0.41
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textbook, computer laboratory facilities, overall syllabus and a similar homework structure

were used in these two courses. Both courses were taught by the same instructor. Graders

(other than the instructor) graded homework assignments using detailed grading instructions

and grading criteria. Tests, however, were administered differently. As a result, test scores

could not be used to evaluate learning outcomes. Student demographics for the two courses

were quite similar. The majority of students were male, younger than 23 years old, and white.

Prior to analyzing student homework scores, high school GPA's, SAT math scores

and SAT verbal scores were compared for the two groups of students (Winter 2004 and

Winter 2005) to identify differences that might provide alternative explanations for different

levels of student perfoiiiiance. T-tests for two independent means were used for this analysis.

The abbreviations "win04" and "winOS" are used to represent "Winter teiin 2004" and

"Winter term 2005", respectively. Summary descriptive statistics and results for these tests

are displayed in Table 4.44. Results from Levene's test indicated that variances were not

significantly different. The p-values for the t-test of high school GPA's, SAT math scores and

SAT verbal scores were all greater than 0.05. These results support the premise that there

were no significant differences in the means of high school GPA' s, SAT math scores and

SAT verbal scores between students in the two years.

Table 4.44. Summary descriptive statistics for student high school GPA's, SAT math
scores and SAT verbal scores, and results of t- test.

Term n Mean SD p-value

High School GPA WinO4 136 3.50 0.38
0.429

WinOS 88 3.54 0.37

SAT Math Scores WinO4 104 611.73 75.65
0.738

WinO5 70 607.71 80.58

SAT Verbal Scores WinO4 104 547.02 87.71
0.6 11

WinOS 70 554.00 89.76
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Eight homework assignments were administered in both courses, with a total possible

score of 206 points. The first six homework assignments were each scored out of a total of 25

possible points. The final two homework assignments were scored out of a total of 28

possible points. Homework assiment 3 and 4 were sequential and covered common topics,

so they were scored together out of a total of 50 possible points. In order to deteiinine a

student's overall performance, the analysis was completed for total points. Total points were

converted into a total percentage by dividing the total points the student earned on all

homework by the total points available. If a student did not submit a homework assignment,

the data for that homework assignment were not included in the analysis. In order to eliminate

any potential bias that missing homework might create, for those students with missing

assignments, the total percentages were calculated by dividing the total points the student

earned on all submitted homework by the total points available for completed homework

assignments. Sample homework problems are included in Appendix K.

A normal Q-Q plot for student homework grades (total percentage) was reviewed and

is shown in Figure 4.6. Based on the normal Q-Q plot, the data were not normally distributed.

However, using the Central Limit Theorem, for moderate to large sample sizes (n 30), t-

distribution-based procedures can be used to make inferences about sample means even when

the normality condition does not hold, because for moderate to large sample sizes the Central

Limit Theorem provides that the distribution of the sample means is approximately normal

(Ott & Longnecker, 2001). Therefore, a t-test for two independent samples was used to

analyze data. Results of Levene's test indicated that variances were not significantly different.
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Normal Q-Q plot of student homework grades.
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A t-test for two independent samples was used to evaluate if a significant difference

was seen between Winter 2004 and Winter 2005 total percentage scores. The null hypothesis

was H0: PWinter2oo5 - ItWinter2004 = 0; the alternate hypothesis used was Ha: !tWinter2OO5 - 1J\Vinter2004

0. Results of the t-test are included in Table 4.45. The p-values for the test of differences

between student homework scores (total percentages) for 2004 and 2005 were less than 0.05.

There was sufficient evidence to conclude that the individual usage of MWT both inside and

outside the classrooms with wireless capability positively impacted student learning outcomes

as measured by student perfoiiiiance on homework assignments. The non-parametric Mann-

Whitney test for two independent samples was also performed. Results supported the same

conclusion.



Table 4.45. Summary descriptive statistics for student learning outcomes as measured by
student homework grades (in percentage) and results of t-test (ENGR 112).

4.2.2 Student Learning Ability from Instructor Perspectives

In addition to student performance on homework, instructor opinion surveys were

used to assess instructor perceptions of the impact of MWT on student learning. Seven

instructors from six classes included in this study were asked to rate on a five-point scale

(strongly disagree, disagree, neutral, agree, strongly agree) the extent to which MWT usage in

the classroom contributed in enhancing the ability of students to learn. The eleven learning

abilities came from the ABET 2004-2005 general criteria for accrediting engineering

programs (ABET, 2003). These six classes were offered for engineering students and laptops

were used in the classroom. General Physics (PH 202) was not included in this study since it

was not offered for engineering students. Responses were coded so that a higher response was

indicative of the MWT contributing more to enhancing student learning ability.

Summary descriptive statistics for the role of MWT in student learning ability

enhancement are included in Table 4.46. Medians of all learning abilities were greater than

3.0. However, means of the sixth and eighth learning abilities, which were "Understanding of

professional and ethical responsibility" and "Board education necessary to understand the

impact of engineering solutions in a global, economic, environmental, and societal context"

were less than 3.0. Instructors felt that the use of MWT in the classroom contributed most in

student abilities of "Ability to design and conduct experiments, as well as to analyze and

interpret data" and "Ability to use the techniques, skills, and modern engineering tools

necessary for engineering practice."
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Term n Mm Max Mean SD p-value

Homework grades

(Total percentage)

WinO4 137 44.10 95.63 79.96 10.60 0.000
WinOS 84 58.01 100.00 86.96 9.09
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Table 4.46. Summary descriptive statistics for the contribution of MWT in enhancing the
ability of students to learn as evaluated by instructors.

Student Learning Ability n Mm Max Median Mean SD

Ability to apply knowledge of mathematics,
science, and engineering. 6 2.00 5.00 4.50 4.17 1.17

Ability to design and conduct experiments, as well
as to analyze and interpret data. 7 3.00 5.00 5.00 4.57 0.79

Ability to design a system, component, or process
to meet desired needs within realistic constraints. 7 3.00 5.00 4.00 3.71 0.76

Ability to function on multi-disciplinary teams. 6 3.00 4.00 3.00 3.17 0.41
Ability to identify, formulate, and solve

engineering problems. 7 2.00 5.00 4.00 3.57 0.98

Understanding of professional and ethical
responsibility. 7 2.00 4.00 3.00 2.86 0.69

Ability to communicate effectively. 6 2.00 5.00 3.50 3.50 1.05
Board education necessary to understand the
impact of engineering solutions in a global,
economic, environmental, and societal context.

7 1.00 3.00 3.00 2.43 0.79

Recognition of the need for, and an ability to
engage in life-long learning. 7 1.00 5.00 3.00 3.14 1.35

Knowledge of contemporary issues. 7 2.00 5.00 3.00 3.43 0.98
Ability to use the techniques, skills, and modern
engineering tools necessary for engineering
practice.

7 4.00 5.00 5.00 4.57 053



4.3 Teaching and Learning Processes Study

Research questions: Does the introduction of MWT in the classroom affect teaching and

learning processes, interactions between instructor and students, or

interactions between students?

Hypothesis 3: The introduction of MWT in the classroom does not affect teaching and

learning processes, interactions between the instructor and students, or

interactions between students.

The definitions of teaching and learning processes, interactions between instructor and

students, and interactions between students were discussed in Chapter 3. In brief, the teiiii

"instructor-student interactions" were defined as the interactions between the expert and the

learner (Moore, 1989). This includes classroom interactions such as instructor questions,

feedback, administration of rewards and punishments, praise and criticism, responses to

student questions and requests for assistance, and offers of help when students experience

difficulties (Schunk, 2000). Learner-learner interactions or interactions between students were

defined as those interactions, between one learner and other learners, alone or in group

settings, with or without the real-time presence of an instructor (Moore, 1989).

Several tools were used to collect data on teaching and learning processes, as well as

interactions. This section presents the results of a qualitative study of the impact of the use of

MWT on teaching and learning processes and interactions. The five data collection methods

were used: (1) classroom observations, (2) student comments on pre-test and post-test attitude

surveys, (3) student opinion surveys, (4) student focus group discussion, and (5) instructor

opinion surveys and interviews. This is followed by the summary of the student usage

surveys.
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4.3.1 Results of Teaching and Learning Processe, Interactions between Instructor and
Students, and Interactions between Students in Classrooms Using MWT

Non-participant observation was used to collect data on teaching and learning

processes and interactions. The observations took place in ENGR 112, Winter term 2005 and

CE 102, Spring term 2005. Both classes used laptops with wireless capability. Both classes

were lecture-based. In the previous terms without the student use of MWT, instructors could

only demonstrate examples or class exercises on the classroom computer.

In addition to classroom observations, student surveys and instructor opinion surveys

and interviews were used to gain a deeper understanding of teaching and learning processes,

interactions between the instructor and students, and interactions between students in

classrooms using MWT. In the student pre-test surveys for all courses beginning Winter term

2004 and later, students were asked to share their thoughts on the use of MWT devices in the

classroom. In the student opinion surveys starting in Winter term 2004 and later, students

were asked if they wished to use MWT devices in future classes. Students were also asked to

record other comments or suggestions related to MIWT usage. Prior to Winter 2004, students

were asked if they had any thoughts on the use of MWT devices in the classroom in both the

pre-test and post-test surveys.

A focus group was also conducted to study student opinions on teaching and learning

processes, interactions between the instructor and students, and interactions between students

in a MWT classroom. A moderator facilitated a one-hour discussion with a group of seven

volunteer students from ENGR 112 following the Winter term 2005. Students attending the

focus group session were asked questions related to MWT use in an effort to reveal

unanticipated or missed effects. The set of questions used in the focus group session are

included in Appendix I. The focus group session was conducted following the completion of

the course and term, and it was conducted outside of the classroom.
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Results supported the hypotheses that teaching and learning processes, interactions

between the instructor and students, and interactions between students were indeed impacted

by the use of MWT. Five qualitative results relative to the impact on teaching and learning

processes, interactions between the instructor and students, and interactions between students

are discussed in the next sections. These five qualitative results are: (1) instructional

strategies, (2) student engagement and student activities, (3) technology use, (4) assessment,

and (5) interactions.

4.3.1.1 Instructional Strategies

In the MWT classrooms, the instructor's role changed from "presenter only" to that of

"facilitator of learning." The task of planning for instruction was also changed. In addition to

planning the materials for the more traditional lecture, the instructors also planned the class

structure to accommodate the use of MWT, planned and designed how the devices would be

used, such as quizzes, questions or examples, planned for device distribution, collection and

inventory system, as well as prepared themselves to be familiar with the MWT.

From the classroom observations and the instructor interviews, in most classes, the

instructors used direct instruction (lectures) as the primary instructional strategy. In four

courses, after presenting material on a topic by traditional lecture, an in-class exercise that the

students completed with their MWT devices (PDAs or laptops), was provided to reinforce the

concepts presented. During this time, the instructors (and TAs) walked around to see if

students had any questions. In some class sessions, the instructors asked students to work

collaboratively in groups. In the other course, in the beginning of the class or after presenting

material on a topic by traditional lecture, the instructor asked students to use the PRS units to

respond to instructor questions. In the other course, the instructors asked students to use

laptops for data collection and data analysis in labs. In the other course, after presenting
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material on a topic by traditional lecture, the instructor asked students to use laptops and work

in groups to do online instructional lessons or class material reviews. During this time, the

instructors (and TAs) walked around to see if students had any questions.

Based on the instructor interview data, not only were the instructor roles in the

classroom changed, but the planning for instruction was also changed. Instructors had to plan

the class structure (i.e. how and when should the MWT be used, time management) to

accommodate the use of MWT. Instructors had to plan and design the collaborative situation

(e.g. creating class activities and exercises), in addition to planning the materials for the more

traditional lecture. Instructor of the class where PRS units were used commented that it was

necessary to write quizzes and practice problems for the students to use the PRS units during

lecture. The instructor of ST 314, where three online instructional lessons using MWT were

used, commented that the instructor and the TA had to prepare and develop these three

instructional lessons each with its own learning objectives. The instructor and the TA had to

also insure that these online lessons would work in the classroom. These online lessons, as

well as the wireless network system were tested prior to use in class.

In addition, the instructors also planned for organizing a distribution, collection and

inventory system when students checked out/in devices, as well as for entire term loaners. For

the cases where students owned laptops for in class use, instructors also prepared extra MWT

devices to be used as back up or loaners. Instructors also worked collaboratively with the

network administrator to ensure that the wireless system worked well and that applications or

required, specialized software would be available for in class use. One instructor commented

that they always had a back-up plan for times when the MWT would not work quite right.

One instructor also offered a special session for students to give them some additional

training on the MWT devices and arranged to have TAs available to show them how to use

the devices.
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Some instructors also prepared themselves by attending meetings about the wireless

initiative. The major focus of the meetings was hardware concerns. Some instructors that had

never used the MWT devices and the Blackboard before commented that they also had to be

familiar with the MWT devices, the wireless environment and Blackboard to be comfortable,

as well as to understand the issues involved and how the system worked.

4.3.1.2 Student Engagement and Student Activities

Based on the researcher observations, with the use of MWT, students seemed to be

more engaged in the classroom. This was consistent with the instructor comments and student

comments from student surveys and the focus group discussion. However, there were also

students who chose to perform non-class related activities with the MWT. One issue that was

identified was that the current classrooms did not accommodate the use of MWT like laptops.

nor did these traditional lecture rooms accommodate group activities.

Instructors and students found that MWT encouraged students to be actively involved

in the learning process. When MWT devices such as laptops or PDAs were used for the class

exercises, students could follow along and did the examples simultaneously with the

instructor. Students were able to ask questions and get prompt feedback from the instructor.

Many students also used the laptops for note taking and found that the laptops helped them to

be more organized. Students also commented that the use of PRS units helped them figure out

whether they understood the class material correctly and encouraged them to read the class

material so that they could answer the questions correctly. However, some students felt that

they would try to answer the questions anyway even without the PRS units.

However, there were also students who chose to perfoiin non-class related activities

such as instant messaging, surfing the Internet and playing games. The distraction also

happened when other student used MWT devices such as PDAs or laptops in the classroom.
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Students felt that they found themselves staring at other students' screens and not paying

attention to the class. Students engaged in non-class activities more at the end of the class

period than in the beginning of the class period. Students seemed to be more engaged and

less distracted when involved in in-class exercises, group work, or discussions than when the

instructor was lecturing. Students in the back seat rows of the classroom seemed to use their

laptops more often for non-class related activities. However, from interviews of the instructor,

it was pointed out that there were more students in the front rows in the years where MWT

devices were used in the classroom than in the previous years without MWT. The distraction

was relevant to students, as well as instructors. Instructors pointed out that it was distracting

to see students working on their devices when the class was not using them. Some instructors

asked students to shut laptop lids to try to direct student attention back to the board when they

were done with the use of laptops.

One issue that was identified as a result of the observation study was that the current

classrooms did not accommodate use of MWT like laptops or group activities very well.

Students from both observed classes had problems when instructors asked them to work in

groups. There was insufficient space for students to re-arrange their seats for group work (in

one classroom students could not even move their seats around). Instructors also could not

walk around much due to the limited spaces. The physical classroom requirements for a

MWT, particularly laptops, classroom appear to differ from traditional lecture halls. In

particular, adequate space for class or group activities and adequate space for the instructor to

walk around are necessary. In addition, the classroom furniture design needs to be consistent

with MWT, particularly laptop, usage considerations. Chair and desk design, for example,

would likely need to be different to fully accommodate MWT usage. Power outlets should

also be provided in a MWT classroom so that all students have power access.



4.3.1.3 Technology Use

MWT was used as a "teaching and learning tool" or "education tool" (Avers, 2004).

MWT were used as tools by both the instructor and students. Instructors used laptops and

projectors for class content delivery and presentations. Some instructors also had their class-

notes and course materials accessible on a website. Instructors also used MWT devices such

as PRS units to get continuing and timely feedback from students. Students used the MWT

devices like laptops as learning tools or resources, for in-class exercises and group activities,

as well as for note-taking. However, some students used MWT device like laptops and PDAs

for non-class related activities. Based on the classroom observations, technology-related

problems occurred in both observed classes. Students commented on the problems that

prevented them from fully using MWT devices in classrooms.

Six out of eight instructors used laptops and projectors for class content delivery and

presentation (e.g. lecture, presentation, drill and practice). The other two instructors used

overhead and transparencies. Instructors in five of seven classes had their class-notes and

course materials accessible on a website through an education software tool called

Blackboard. Students could download class-notes and course materials prior to classes.

Students from both the focus group discussion and surveys commented that this helped save

class time because students did not have to spend so much time on note taking. Class time

could be used for other class activities such as explanation, discussion and exercises. Students

also commented that when class-notes were provided prior to classes, they could prepare

better for the classes. Instructors also commented that this saved their time, as they did not

need to copy class materials.

Instructors also used MWT devices like PRS units to get continuing and timely

feedback from students. Instructors could modify the presentations according to what students
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needed the most, The MWT devices like PDAs and laptops were also used to get students

engaged during lectures. In the classrooms where laptops were used, the instructors also felt

that the use of laptops allowed them to integrate more complex examples during lectures.

Students used the laptops as learning tools or resources (e.g. Internet research,

spreadsheet, special programming such as Visual Basic). MWT devices such as PDAs and

laptops were used for "drill and practice." Students used laptops for in-class exercises and

group activities. Students used their PDAs or laptops to do the examples simultaneously with

the instructors. In some classes, students were asked to work individually or in a group on the

in class exercises after the concepts were presented. Students felt that it was like integrating

lab and lecture and helped them understand the class concepts better. On the other hand, some

students felt that they learned better by watching and then doing, not watching and doing.

Some instructors also noted that the use of MWT in the classroom provided options for

students to use their preferred learning style in the classroom. In most of these classrooms,

previously, only one learning style was emphasized (watching and doing or only watching or

reading). This finding is consistent with the previous study by Avers (2004) that a desirable

consequence of the use of technology in the classroom was that it provided options for

students to use a preferred learning style. With the use of individual laptops in the classroom,

every student was able to use the technology, whereas in many laboratories, students needed

to share computers since there were not enough machines.

Many students also used the laptops for note-taking in place of taking notes with

paper and pencil. Some students preferred taking notes on laptops, but some students

preferred taking notes using paper and pencil. Some students used their laptops as well as

paper and pencil. Some students also shared their notes with other students via the Internet.

Some students commented that this use of laptops helped them to be more organized and

helped them have organized and neat notes better preparing them for tests. Students from the



154

focus group felt that they spent less time completing homework with the use of laptops than

with paper- based assignments.

Some students believed that use of MWT devices and familiarity with technology

were vital to succeed in school and would be valuable in their careers. The use of MWT

devices was also seen as helping to improve student computer and technological skills.

Students felt that the use of the PRS units helped them figure out whether they

understood the class material correctly and encouraged them to read the class material so that

they could answer the questions correctly. However, some students felt that they would try to

answer the questions anyway even without the PRS units. Some students commented that a

lot of students just "guess" the answers, so they did not think that the summary of student

responses at the end reflected reality. Students felt that the instructor should find a way, such

as giving extra credits, to encourage students to bring the PRS units to class and to involve

more in this process.

However, some students used MWT device like PDAs or laptops for game playing

and the Internet using rather than for studying. Students also felt that although laptops were

required for in-class use, only a limited numbers of classes actually used laptops. As a result,

some students felt that laptops were under-utilized. Some students also felt that the purpose of

using MWT devices in the classroom were not clear or communicated.

Students and instructors felt that the advantages or disadvantages of using MWT in

the classroom depended on the nature of the class, how students actually used the MWT in

the classroom, as well as how the instructor designed and incorporated MWT into a class.

Based on the classroom observations, technology-related problems occurred in both

observed classes. These problems occurred more often in one of the CE 102 sections. The

class was held in the small classroom, but a lot of students had enrolled in this particular

section. It took up to 20 minutes for some students to get onto the network. In some class
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periods, the instructor had to change the lesson plan for the day because students could not

log on to the network. One issue that the researchers noted was that if students were late for

the class, they had more problems logging on to the network. As a result, those students

seemed to be lost or more easily distracted. This issue was less prevalent for those students

who came to class a few minutes before the class time. One student from the focus group also

pointed out this issue. Students also commented that at least 5-10 minutes on average were

spent on setting up. Some students felt that class time would be better spent explaining the

concepts instead of setting up the MWT devices.

Students also commented on the problems related to the use of MWT in the classroom

that prevented students from the use of MWT devices. These comments were generally

directed at the size of classroom "desks" and the limited availability of power outlets. The

"desks" in classrooms were too small and not designed for laptops. The seats were also not

designed for laptop usages. Students felt anxious about laptops falling off. In addition, only a

few power outlets were available in classrooms. Some students encountered the problems of

power outage and as a result, they could not use their laptops in the classroom. Financial

constraints and unstable network and wireless systems were also problematic for some

students. Students had problems logging on to the wireless network. Students who had never

used MWT before encountered technical problems such as setting up their MWT devices.

These issues were more pronounced in the beginning of the teiiii than in the end of the teriii.

Students also had problems carrying laptops around with them all day.

4.3.1.4 Assessment

Both of the classes that were observed used online testing as one student performance

assessment. By using online testing, students received test results immediately after

completing their exams. Students from the focus group discussion indicated that they could
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ask for clarification without waiting for their test results. There were few students who had

problems logging on to the Internet on test day. TAs had to take these students to the

computer lab to complete the test. These students commented that these types of technology

problems made them anxious about online testing. In these two courses and other courses

included in this study, other fouiis of assessment such as homework assignments were also

submitted online via the Blackboard.

In addition, in some cases, the instructor asked students to use the PRS units to

respond to instructor questions. In the other cases, after presenting material on a topic by

traditional lecture, the instructor asked students to use laptops and work in groups to do

online instructional lessons. During this time, the instructors (and TAs) walked around to see

if students had any questions. MWT enabled instructors to assess student understanding of

concepts, thinking, concept recognition, as well as the level of pre-class preparation

4.3.1.5 Interactions

The use of MWT for individual and group exercises promoted more interactions

between instructor and students, as well as between students. The use of MWT devices such

as PDAs and laptops changed the way students interacted with each other.

From the researcher observations, the use of MWT such as PDAs and laptops for

individual and group exercises promoted more interactions between instructor and students,

as well as between students. While students were working on the in class exercises, the

instructor (and TAs) walked around to help if students had questions or problems. Students

also discussed other class content as they worked on the exercise. In addition to the personal

interactions, instructors and students communicated via Blackboard. Students submitted

homework assignments on Blackboard and viewed the feedback as well as the results from

the instructor on Blackboard. The class summary for each homework assignment or test was
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also posted on Blackboard. In the very first few classes, some students had problems locating,

logging on, understanding and using the features of Blackboard. However, later in the term

there were no problems noticed with the use of Blackboard.

From student surveys and focus group discussions, students felt that MWT enabled

instructors to assess student understanding of concepts and increased the level of student

participation even in large classrooms where no one spoke up. Instructors could also get

feedback from students in real time. Some students from the focus group discussion,

however, felt that the use of laptops did not affect the amount of personal interactions

between students and instructor.

From the observations and the student focus group discussion, during the class, in

addition to verbal communication, some students communicated with each other via instant

messaging. This could be both advantageous and disadvantageous. Some students used the

instant messaging for class content discussions. Students from the focus group made

comments that they used instant messaging to ask their friends for clarification of class

content or of the exercise without interrupting the class. However, some students used instant

messaging for the non-class related discussion. Students from focus group discussion felt that

the use of MWT devices such as laptops changed the way students interacted with each other.

Students felt that they were more silent. Students thought this was good because they did not

have to interrupt the whole class. In addition, students felt that laptops also enabled

interactions with other students. Outside of the classroom, students got together to do

assignments anywhere that wireless capability was available, independent of the physical

computer lab. Laptops with wireless capability also allowed students to work with other

students when computers were required in any location. As a result, students were less

dependent on a particular physical layout (i.e. computer lab).
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Some examples of student comments related to teaching and learning processes,

interactions between the instructor and students, and interactions between students from

student surveys, as well as from the student focus group discussion are summarized in Table

4.47 and Table 4.48 respectively. Examples of instructor comments from instructor surveys

and interviews are summarized in Table 4.51.



N/A = Not app icable

Table 4.47. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student surveys.

I opic Course
Type of

Comments
Number of

Comments/Sources
Sample Comments

Teaching
and learning
processes

ENGR 112
Winter 2002

Positive 0 N/A

Neutral 0 N/A

Negative 2/2 - The purpose [of using PDAsI was confusing. 1 didn't know why we used them [PDAs].

ENGR 112
Spring 2003

Positive 20/13 - I think PDAs are a wonderful idea because we get hands on approach to what we are learning
in class. In a way, its like integrating lab and lecture to help us understand material better.

- You can see and do it {examplc problem] right in front of you and it forces you to learn.
Neutral 13/13 - It's more daunting because its like a computer, but turns out fine in the end.

- If the person has the discipline to use the PDA properly during class and follow along with
the instructor - then it is a very effective learning tool. Unfortunately some people are not
well disciplined and surf the web during class thus missing the lecture.

- At first it [the PDA] is a disturbance, because people have difficulty working them, however
now it is nice to use, especially for quizzes, so that we get a result right away.

Negative 4/3 Although I like the PDA, heft that 1 used it Inure to distract myself during class (play games)
rather than to learn.

ENGR 112
Winter 2004

Positive 32/3 1 I think it [laptop] can be helpful to view class notes right in front of you or to do the example
simultaneously with the professor.

- I use my own laptop for other classes now - lots of things here are posted on the internet.
Neutral 19/19 - I like using computers, but aside from in class examples, the laptops don't serve any extra

purpose that I could get from a desktop.
Negative 7/7 - I don't see a reason to use the laptops in lecture. They do not enhance the learning experience

enough to use them.
- I still don't think the laptops should be required because then people who have desktops

would have to spend extra money on a laptop which could be spent elsewhere.



Table 4.47. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student surveys (Continued).

Topic Course
Type of

Comments
Number of

Comments/Sources Sample Comments

Teaching
and learning
processes
(Continued)

ENGR 112
Winter 2005

Positive 57/46 - I love to use my laptop in class and it is vital to succeed in school.
- It's a good idea to become as familiar with as much technology as possible.
- I believe knowing how to use a laptop will be valuable in my career so I think we should

continue to learn with them.
- When we are talking about computer applications in class, it is nice to be following along on

the laptop.
- I think that since technology these days is so advanced and amazing, we should look to

integrate it into classroom to improve the way we learn.
- The convenience of having everything from your class is irreplaceable. [1] wish it was more

incorporated throughout OSU.
Neutral 7/6 While I think learning to use the laptops is important, the actual time I spend using a laptop

in class is minimal, and not worth the extra 10 lbs. in my backpack.
Negative 20/16 - My problem lies in the networks in trying to connect to, especially the wireless.

- I learn better by watching and then doing, not watching while doing.
- My laptop is too inconvenient to carry to other classes all day.

[E 411 Positive 9/8 - Excellent way to cover application programming, especially using a complicated IDE.
Integrates class concepts (UML) to application of principles.

Neutral 8/8 - [Whether I will use the laptop in class or not] depends on ease of use and availability.
If it's Convenient, then TI! use.

Negative 17/11 - One does not concentrate on what the professor is teaching. Get lost often.
- The remote programming environment used for the course was very frustrating. Security

settings on the server made browsing, file management, turning in assignments, and running
programs very difficult.

- The laptop does not automatically mean you're learning. They require a teacher to be very
prepared and have thought out why it is important for everyone to repeat a procedure on a
laptop.



Table 4.47. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student surveys (Continued).

Topic Course
Type of

Comments
Number of

Comments/Sources
Sample Comments

Teaching
and learning
processes
(Continued)

P11 202 Positive 23/22 - I think that it [the PRS unit] is a good way to get me involved in the learning process.
- I like using the PRS unit and I wish we used them more often. It helps me figure out whether

I am understanding the material correctly.
- I wanted to read the material so that I could answer correctly.

Neutral 9/9 - The PRS units are fine. However, there are other ways to get involved with class.
- Extra credit should he given to those who bring their PRS units faithfully. This would
definitely encourage students to attend class and be more interactive in class.

- PRS units were helpful for answering questions, but I am not sure it helps me learn concepts
better.

Negative 80/68 - I don't see the point. I don't feel it (the PRS unit] is enhancing my learning experience.
- I think class time would be better spent explaining the concepts instead of wasting 5-10

minutes with PRS units.
CHE 101 Positive 39/34 - Iwish there was more set lesson plans that involved the use of the laptops.

- The wireless laptop makes it a lot easier to access and share information. I cannot see why
you would not want to use them.

- Wireless internet is very helpful given any class or any problem.
Neutral 30/28 - I like having and using a laptop, but the financial strain is a lot.

- 1 like my laptop and all, but I hate carrying it around. It is too heavy and easily damaged
when in my backpack.

Negative 17/13 - Only bothersome thing about the laptops is the network connections.



Table 4.47. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student surveys (Continued).

Topic Course
Type of

Comments
Number of

Comments/Sources Sample Comments

Teaching
and learning
processes
(Continued)

CUE 102 Positive 39/36 - Laptops make understanding easier during class because you can follow what the teacher is
discussing by having hands on experience.

- It is convenient and having wireless, especially wireless printing simplifies life.
- It [the laptop] is essential to doing meaningful work and preparing for a real profession in

Chemical engineering.
tJtilizing the laptops in class make the class a hands-on experience and this made it easy to
learn the material.

- It's much easier to learn Matlab [name of program] by typing in the commands. Much better
than just hearing or reading about it.

Neutral 13/13 - I wish I understand networks and accessing them better than I do now.

Negative 13/13 - Laptops are in general a bad idea. Things will not get done in class because most people are
not comfortable enough with using computers. When you [instructor] give an instruction,
half the people in tlic class will raise their hand in confusion.

ST 314 Positive 16/14 1 think the engineering job market is full of the laptops and any experience can only help.
They [using the laptops in the classroom] are very good in helping visualize what is going on
in the course, through programs, etc.

Neutral 20/17 - The instructor would need to alter his teaching style in order to maximize the effect as well.
- They [the laptops] could be helpful, but only if used for something worth doing that cannot

he done just as easily without them.
- it is not necessarily a benefit if the software being used is not helpful. The laptop is not the

issue. It is what we are using on the laptop.
Negative 18/14 - I think they [the laptopsi are distractive to other students in class. When a student brings a

laptop to class, I find myself staring at it and not paying attention.
- I don't think we should use the laptops in class. They make it hard to analyze data because

we cannot draw on the graphs or put rulers up to measure and so forth. 1 prefer paper copies
of things to work with in class.



Table 4.47. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student surveys (Continued).

Note: Informaton in brackets provided by the researcher for clarification.

Topic Course
Type of

Comments
Number of

Comments/Sources Sample Comments

Teaching
and learning
processes
(Continued)

CE 102 Positive 60/53 - Instead of spending most of the lecture frantically taking notes, they could be posted and you
could follow along and be more free to ask questions.

- It [using the laptop in the classroom] helps to understand technology better.
Neutral 17/17 - [We] need to cater for slow learners (computer alternate) persons.

I think that there should be a placement exam similar to a math placement so that students
are placed in computer classes at their level. In this class people already knew how to
program and others couldn't use a computer.

Negative 16/13 - It is a pain sometimes to carry my laptop everywhere.
- Sometimes technical difficulties make things frustrating.

Interactions
between
instructor
and students

PH 202 Positive 13/13 - I like the way the instructor can focus his lecture around where the class is struggling based
on the PRS responses.

- [It is] good for helping professors teach what needs to be taught. Lets them know if everyone
understands or not, especially if no one is speaking up.

Neutral 4/4 - It [the PRS unit] is a useful tool to receive class feedback, but it is also a very impersonal
way to connect with the students.

Negative 0 N/A

ST 314 Positive 1/1 - Using the laptop in the classroom] is a good way for instructor-student interactions.

Neutral 0 N/A

Negative 0 N/A

Interactions
between
students

PH 202 Positive 4/4 - It is a nice tool [the PRS unit] to be able to look and check your answers with such a big
class. It is nice to see where the class is at.

- [PRS units] promote interactions between classmates.
Neutral 0 N/A

Negative 2/2 - I'd rather not waste time with them and just go over problems without waiting for everyone to
answer and see some graph at the end.

CFIE 101 Positive 3/3 - [Using the laptop is] easy to communicate with other members in class.
- Laptops allow me to work with other students where computers are required.

Neutral 0 N/A

Negative 0 N/A



Table 4.48. Student comments related to teaching and learning processes, interactions between instructor and students, and
interactions between students taken from student focus group discussion (ENGR 112).

Topic Type of
Comments

Number of
Comments/Sources Sample Comments

Teaching and
learning
processes

Positive 35/7 It [laptop] was good for taking notes. The typing was quick.
- That [using the laptops in the classroom] was a little more interactive. I think it does help when she [the

instructor] pulled up an Excel sheet and then we all went through it at the same time.
- It is really nice when a teacher expects you to be using your laptop because then they create the slides

ahead of time. All of my [other] classes this term none of my teachers expect us to use our laptops, so
there is no notes on-line or anything so if I want to go back I have to go back to my hand notes while ifthe
teachers already wrote the notes for an interactive laptop class the notes are already made so I can look at
them and E can be pretty organized.

- I had another computing class last term and we had one hour of lecture a week, but in that hour of lecture
we weren't at the computers and so they are trying to explain Java [computer program] to us without
actual examples. It was so insanely difficult and then you go to this ENGR 112 class and we walked
through everything and it makes it so much easier.

- When 1 was without a laptop in class, it makes the class more difficult.
- Laptop brings the hands-on thing into the lectures.
- 1 always spend at least 2-3 times more time with the paper homework.

Neutral 14/7 - I was a little bit nervous about it [laptop] at first because I didn't really know that much about it or how to
use it and SO - and it was the first time I had used wireless internet and stuff like that but then I got totally
comfortable with it by the end.

- I was worried about the online test - I was worried I'd get on and answer sort of one question and then get
kicked off and that it would submit that. But that actually never happened and I can submit tests.

- lt wasn't a perfect system, but I definitely think it made the class easier and more fun.
- Depends on the class. Engineering classes mostly laptops would be nice but math classes laptops are

basically useless.
- I had trouble more in the beginning than in the end like first setup and things.

Negative 17/7 - When they [instructor] gave you formulas and stuff. It's not as easy to type into the computer.
- If you got bored you could surf the web, Me and my friends IM [instant messaging] each other a lot.
- [I had problems] Trying to log on.
- I had trouble submitting my tests. I logged on, it let me log on, and then I guess my internet died.
- Most of my anxiety wasn't software based it was hardware based. I was worried about the laptop falling

off and the screen breaking because that is a really expensive repair.



Table 4.48. Student comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from student focus group discussion (ENGR 112) (Continued).

Note: Information in brackets provided by the researcher for clarification.

Topic Type of
Comments

Number of
Comments/Sources Sample Comments

Interactions
between
instructor and
students

Positive 9/7 - It's nice to get your test results back right away. I could go ask about it. I didn't have to wait until two
weeks later when then I don't remember what was going on or why I answered the way I did.

- It is a lot easier when you can follow along with the examples because then if you can't find that
button you can ask right away instead of going home and then don't even remember what the button I
am supposed to be looking for is.

Neutral 2/2 - About just the same as in any other classes.

Negative 0 N/A

Interactions
between
students

Positive 6/4 - Me and my friends just get together aiid go through the lab and the assignment. It's handy with the
computer or the laptop because you don't have to go to the computer lab or somewhere. You are not
limited to where you have to go. You can just meet up in someone's dorm and take your laptop with
you.

- [Me and my friendsj we go to the library and do assignment.

Neutral 0 N/A

Negative 0 N/A
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Table 4.49 summarizes the number and percentage of positive, neutral and negative

student comments related to teaching and learning processes, interactions between instructor

and students, and interactions between students from the student surveys. In ENGR 112

Winter term 2002 and Spring term 2002, respectively, there were only limited comments

related to teaching and learning processes. These comments were focused on the difficulties

of entering data on PDAs. In Spring term 2003, Winter term 2004 and Winter term 2005,

more than half of the comments related to teaching and learning processes were positive.

Students felt that the use of MWT devices in the classroom encouraged students to be actively

involved in the learning process. There were no comments related to interactions between

instructor and students or to interactions between students.

In IE 411, about half of the comments related to teaching and learning processes were

negative. These negative comments focused on problems with the wireless system. In this

course, students used VB.net (a program) by connecting to a remote server. Students did not

have the program on their laptops. Therefore when there were problems with the wireless

network, students could not use the program. There were no comments related to interactions

between instructor and students or to interactions between students.

In PH 202, about 70% of the comments related to teaching and learning processes

were negative. However, 76% and 70%, respectively, of the comments related to the

interactions between instructor and students, and the interactions between students were

positive. Students felt that PRS units did not enhance their learning and also took up class

time for set up and use. However, PRS units were seen by students as being helpful in

promoting interactions in the classroom.

In CHE 101, about half of the comments related to teaching and learning processes

were positive. Students felt that using laptops in the classroom encouraged students to be

actively involved in the learning process. There were also three positive comments related to
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interactions between students. These comments focused on the benefits of being able to share

information with other students with the laptops. There were no comments related to

interactions between the instructor and students.

In CHE 102 and CE 102, about 60% of the comments related to teaching and learning

processes were positive. Students felt that using laptops in the classroom encouraged students

to be actively involved in the learning process. There were no comments related to

interactions.

In ST 314, the proportions of positive, neutral and negative comments related to

teaching and learning processes were approximately equal. Students felt that using laptops in

the classroom was both useful and distracting. The student view depended on how the

instructor integrated laptops into the classroom as well as how students actually used laptops

in the classroom.

Table 4.50 summarizes the number and percentage of positive, neutral and negative

student comments related to teaching and learning processes, interactions between instructor

and students, and interactions between students from the student focus group discussion.

About half of the comments related to teaching and learning processes were positive.

Students felt that the use of MWT devices in the classroom encouraged students to be actively

involved in the learning process. About 21% of the comments were neutral and 26% were

negative. Students felt that they were distracted, and technical problems with the MWT made

them anxious. The majority (more than 80%) of the comments related to interactions between

instructor and students were positive. Students felt that they got feedback from the instructor

right away. Students also felt that the use of MWT promoted interactions between students.



Table 4.49. Summary of positive, neutral and negative student comments related to
teaching and learning processes, interactions between instructor and students,
and interactions between students taken from student surveys.
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Topic Course
Numbers of Comments

(% of Comments)

Positive Neutral Negative
Teaching and learning processes ENGR 112 0 0 2

Winter 2002 (0) (0) (109)
ENGR112 0 0 1

Spring 2002 (0) (0) (109)
ENGR 112 20 13 4
Spring 2003 (54) (35) (11)
ENGR 112 32 19 7
Winter 2004 (55) (33) (12)
ENGR 112 57 7 20
Winter 2005 (68) (8) (24)
1E411 9 8 17

(27) (24) (50)
PH202 23 9 80

(21) (8) (71)
CHE 101 39 30 17

(45) (35) (20)
CHE 102 39 13 13

(60) (20) (20)
ST 314 16 20 18

(30) (37) (33)
CE 102 60 17 16

(65) (18) (17)
Interactions between instructor PH 202 13 4 0
and students (77) (24) (0)

ST314 1 0 0
(100) (0) (0)

Interactions between students PH 202 4 0 2
(67) (0) (33)

CHE1O1 3 0 0
(100) (0) (0)

Topic
Numbers of Comments

(% of Comments)

Positive Neutral Negative
35 14 17Teaching and learning processes

(53) (21) (26)

Interactions between 9 2 0instructor and students
(82) (18) (0)

Interactions between 6 0 0students
(100) (0) (0)

Table 4.50. Summary of positive, neutral and negative student comments related to
teaching and learning processes, interactions between instructor and students,
and interactions between students taken from student focus group discussion.



Table 4.51. Instructor comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from instructor interviews and surveys.

Topic
Type of

Comments
Number of

Comments/Sources
Sample Comments

Teaching
and
learning
processes

Positive 27/8 - [With the use of MWT in the classroom] the students remained engaged during lecture.
- Laptops are empowering to students and students take stronger ownership of course learning objectives.
- Despite the imperfection of the technology, MWT devices still can potentially help students understand difficult

coicepts easier.
- I teach students how to program in VB.net [name of software program] and it is a lot easier for students to learn

the new technique, approach, concept and then practice [students] have a chance to practice and see what's
going on, what they have [students] to do right away after the new concept and the new process is introduced.

- [The use of MWT in the classroom] allows me [instructor] to integrate more complex examples during lecture.
- [The use of MWT in the classroom] engages students more than without MWT.
- [The use of MWT in the classroom] forces students to be involved and they [students] perceive lectures as more

valuable.
[MWT] was used to get students to have a chance to practice really basic concepts before they went into lab in
the hope that the lab time could be really focused on more of the details instead of really basic things.
I [the instructor I made every student use their laptop; for the basics of being introduced to the software and how
they [students] used the laptop they [students] were doing that as individuals. With the laboratories we
[instructors] never really had enough computers set-up so that it was individual; they [students] were always
working in groups. So we [instructors] worried more about making sure everyone had a chance to use it
[computer].

- I [the instructor] think that combination of being able to demonstrate and having the students do the same thing,
or something similar, or something completely different, moving them [students] from simple to more complex
assignments.

- I [the instructor] heard much fewer complaints about availability or time wise, can they [students] get a
computer in the lab at the end of the quarter. There is always a big rush, a lot of students finishing projects
they can't get on. Urn, we hear that a lot. With the laptops I never heard that they couldn't run MATLAB
because too many people were using it urn, I didn't hear that at all. So it seems like that access allows them to -
to really finish up their assignments and - and learn - learn better by being on schedule.

- lii labs if students took collected data sets, we [instructors] could process it [data set] and make a graph and put
it lgraphj back on Blackboard and then the next uin, lab session, everybody had access to that graph and the
data, and that's hard to do, if you don't have the laptops.



Table 4.51. Instructor comments related to teaching and learning processes, interactions between instructor and students, and interactions
between students taken from instructor interviews and surveys (Continued).

Topic
Type of

Comments
Number of

Comments/Sources Sample Comments

Teaching and
learning
processes

(Continued)

Positive [With the use of MWT in the classroom] students would get a chance to review the [class] material. Through
these [class material] reviews, students would have a better understanding of the material as well as their
individual strengths and weakness.

Neutral 2/2 - They [students] need to have a lot of self-discipline, because having a laptop in front of them [students] is
very tempting for students to check their email or surf the internet or do something else.
As engineers most of their [students] jobs eventually will have something to do with technology and so I
[instructor] think that even though they [students] might not appreciate it [the use of MWT in the classroom]
now there is probably some learning that they [students] will take away from that.

Negative 6/4 - Students loose focus or were easily distracted by surfing internet or chatting on instant messaging.
- It was kind of disturbed - distracting to me as the instructor to see people [students] still poking around and

doing stuff on their devices and we weren't using them.

Interactions
between
instructor
and students

Positive 4/2 - I [the instructor] get continuing and timely feedback from the students so that I [the instructor] can modify my
presentations according to what the students need the most.
What I [instructor] have found is if they [students] are actually trying to do it [in class example] with me,
they'll actually ask questions as they run into problems.

Neutral 0 N/A

Negative 0 N/A

Interactions
between
students

Positive 6/5 [With the use of MWT in the classroom] students would get a chance to discuss the [class] material with
others in a no-pressure situation.

- I [the instructor] had them [students] solving problems in teams where everyone really was able to work on an
idea on their laptop and see if it worked out in MATLAI3, compare results for using different methods and if
the methods gave different results. They [students] could work together to figure out uh, to compare and
contrast the different algorithms they [students] were using.

- The biggest advantage of using laptops for data collection and analysis in labs was sharing of data between lab
groups for analysis of large data set.

- [[instructor] have noticed that whenever students have an assignment to do on the devices they'll visit with
each other not [be]cause theyre trying to be social, but because if they have a question or need help.

Neutral 0 N/A

Negative 0 N/A
ote: Information in brackets piovided by the researcher or clarification.
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Table 4.52 summarizes the number and percentage of positive, neutral and negative

instructor comments related to teaching and learning processes, interactions between

instructor and students, and interactions between students from the instructor surveys and

interviews. The majority of instructor comments related to teaching and learning processes

were positive. There were also four and six positive comments related to interactions between

instructor and students, and interactions between students respectively.

Table 4.52. Summary of positive, neutral and negative instructor comments related to
teaching and learning processes, interactions between instructor and students,
and interactions between students taken from instructor surveys and interview.

4.3.2 Student MWT Usage Summary

Students were asked questions about how they used MWT devices in the classroom.

Students were asked to rate the frequency (always, usually, about half of the time, seldom or

never) that they used MWT devices during class. Table 4.53 summarizes student responses

related to the frequency of M\VT device use in the classroom, in ENGR 112, in Winter term

2004, forty percent of the students seldom used laptops in the classroom. Thirty-one percent

used laptops about half of the time. Seventeen percent usually used laptops in the classroom.

In the same course in Winter term 2005, 61% of students always used laptops in the

classroom. Thirty percent usually used laptops in the classroom. In lE 411, 53% of the

students always used laptops in the classroom. Twenty-six percent usually used laptops in the

Topic
Numbers of Comments

(% of Comments)

Positive Neutral Negative
27 2 6Teaching and learning processes

(77) (6) (17)

Interactions 4 0 0between instructor and students
(100) (0) (0)

Interactions 6 0 0between students
(100) (0) (0)
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classroom. Sixteen percent used laptops in the classroom about half of the time. In CHE 101,

45% of the students seldom used laptops in the classroom and 42% percent used laptops

about half of the time. In CHE 102, 37% of the students used laptops about half of the time in

the classroom. Thirty-three percent usually used laptops in the classroom. Fourteen percent

always used laptops in class and 14% seldom used laptop in the classroom. In ST 314, 70% of

the students seldom used laptops in the classroom. Thirteen percent never used laptops in

class. In CE 102, over 80% of the students always used laptops in the classroom.

Table 4.53. Student responses of frequency of MWT device use in the classroom.

Students were also asked what they used laptops for. Students could choose as many

responses as applied. Table 4.54 summarizes student responses related to the ways they used

MWT devices. In ENGR 112 in Winter teiiii 2004, the top three answers were classroom

activities (e.g. examples or exercise demonstration), specific software tool use, and

downloading class materials and tutorials that existed on the web. The top answers for the

same course in Winter term 2005. were downloading class materials and tutorials, taking

quizzes or tests, classroom activities (e.g. examples or exercise demonstration), word

processing, specific software tool use, internet use, class note taking, and completing

assignments. In IE 411, the top answers were internet use, downloading class materials and

Course MWT
Device

Frequency of Use (%)

Always Usually
About half
of the time

Seldom Never

ENGR 112
(Winter 2004)

Laptop '70 4.3 17.1 31.4 40.0 5.7

ENGR 112
(Winter 2005)

Laptop 61 60.7 29.5 4.9 3.3 1.6

1E411 Laptop 19 52.6 26.3 15.8 5.3 0.0

CHE 101 Laptop 62 1.6 9.7 41.9 45.2 1.6

CHE 102 Laptop 70 14.3 32.9 37.1 14.3 0.0

ST 314 Laptop 46 0.0 8.7 8.7 69.6 13.0

CE 102 Laptop 96 80.2 10.4 4.2 5.2 0.0
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tutorials for access in other locations, teamwork or working collaboratively in groups, word

processing, classroom activities (e.g. examples or exercise demonstration), and specific

software tool use. In CHE 101, the top answers were internet use, word processing, teamwork

or working collaboratively in groups, and specific software tool use. In CHE 102, the top

answers were internet use, completing assignments, and specific software tool use. In ST 314,

the top three answers were class activities (e.g. examples or exercise demonstration),

teamwork or working collaboratively in groups, and downloading class materials and

tutorials. In CE 102, the top answers were taking quizzes or tests, internet use, downloading

class materials and tutorials, completing assignments, specific software tool use and class

activities (e.g. examples or exercise demonstration).

Table 4.54. Student responses on reasons students used MWT devices.

% of Responses
(Rank)

lJ

>

0
Course n

U

0
0 - U

j .

N
y .E

-
- 0 N U-
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U
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-
U

- 0
000 - 0 U

c 0
ENGR 112 70 11.4 45.7 14.3 28.6 5.7 27.1 74.3 2.9 12.9 68.6 27.1 2.9
(VVinter2004) (9) (3) (7) (4) (10) (5) (1) (11) (8) (2) (5) (11)
ENGR 112 61 85.2 93.4 85.2 83.6 24.6 65.6 88.5 91.8 86.9 85.2 45.9 4.9
(Winter 2005) (5) (1) (5) (8) (11) (9) (3) (2) (4) (5) (10) (12)
1E411 19 89.5 89.5 47.4 57.9 36.8 84.2 78.9 21.1 84.2 78.9 15.8 0.0

(1) (1) (8) (7) (9) (3) (5) (10) (3) (5) (11) (12)
CHE 101 62 90.3 64.5 8.1 75.8 51.6 83.9 38.7 11.3 85.5 82.3 30.6 3.2

(1) (6) (11) (5) (7) (3) (8) (10) (2) (4) (9) (12)
CHE 102 70 91.4 74.3 37.1 88.6 37.1 71.4 77.1 28.6 75.7 82.9 37.1 5.7

(1) (6) (8) (2) (8) (7) (4) (11) (5) (3) (8) (12)
ST314 46 26.1 39.1 4.3 19.6 6.5 47.8 54.3 23.9 19.6 26.1 8.7 0.0

(4) (3) (11) (7) (10) (2) (1) (6) (7) (4) (9) (12)
CE 102 96 96.9 96.9 56.3 95.8 63.5 87.5 90.6 97.9 81.3 91.7 47.9 8.3

(2) (2) (10) (4) (9) (7) (6) (1) (8) (5) (11) (12)
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Students were also asked if they wished to use laptops or any kind of mobile wireless

devices in future classes. In ENGR 112, in Winter term 2004, 46% answered yes, 43%

answered maybe, and 7% answered no. In the same course in Winter term 2005, 74%

answered yes, 13% answered maybe, and 7% percent answered no. In IE 411, 26% answered

yes, 47% percent answered maybe, and 21% percent answered no. In CHE 101, 66%

answered yes, 31% answered maybe, and 3% answered no. In CHE 102, 71% answered yes,

23% percent answered maybe, and 4% answered no. In ST 314, 33% answered yes, 50%

answered maybe and 17% answered no. In CE 102, almost 70% answered yes, 25% answered

maybe and 5% answered no. Student responses also provided additional insight on the

advantages and disadvantages of laptop usage and are summarized in Table 4.55.



Table 4.55. Student responses and perceptions of the advantages and disadvantages of MWT usage in the classroom.

Course Desire to use MWT
Devices in Future

Course (% Response)
Sample Comments

ENGR 112
(Winter 2004)

Yes
(45.7%)

- It is required.
- It makes it a lot easier to take notes and do assignments.
- Because they are needed to complete certain classroom problems.
- Because classes will be using them more and more often to do activities in the classroom.

Maybe
(42.9%)

- I might take notes with my laptop.
- Can be a powerful learning tool.
- Just depends if teacher provides exercises for it.
- Laptops can sometimes lunder and sometimes help.
- Ijust like the way the laptop helped me further learn the course material. Homework was made much easier.

No
(7.1%)

- I like using computers, but aside from in class examples, laptops don't serve any extra purpose that I could [not] get from a
desktop.

- They are much harder to work with, and I don't want to bother with electronics unless at home, at a normal computer.
- I don't see a reason to use laptops in lecture. They do not enhance the learning experience enough to use them.

They don't need to be used in clas....huge distraction.
ENGR 112

(Winter 2005)
Yes

(73.8%)
- With the exception of a problem now and again, the laptops are quick and easy to use. They hold many abilities and allow

for multitasking. They are also very commonly used in real world applications.
- I enjoy using laptops.
- I like taking notes in MS Word.

It can be helpful to do/solve problems using soI1ware. It was nice not to have to deal with papers for HW and class
assigniTlents.

- It is helpful in note taking and organization.
- It makes things more convenient.
- It's a good idea to become as familiar with as much technology as possible.
- It was fun, easy, helpful, interesting and kept me awake.
- I believe knowing how to use a laptop will valuable in my career so I think we should continue to learn with them.
- It helped me a lot.
- Laptops provide a mobile tool and where wireless networking is available, instant access to a huge resource.

Maybe
(13.1%)

- I don't think the wireless internet works very well; there are too many problems with it.
- It was a little cumbersome and I usually take notes by hand for speed convenience. It was useful when learning programs.

No
(6.6%)

- Inconvenient and I learn better by watching and then doing, not watching while doing.
- Having computers is a distraction that distracts from course materials.
- My laptop is too inconvenient to carry to other classes all day.



Table 4.55. Student responses and perceptions of the advantages and disadvantages of MWT usage in the classroom (Continued).

Course Desire to use MWT
Devices in Future

Course (% Response)
Sample Comments

ENGR 112
(Winter 2005)
(Continued)

Other comments - I prefer laptops over desktop because I can carry it to the help desk for help instead of over the phone.
- The laptop in class really helped me out.
- The convenience of having everything from your class is irreplaceable. Wish it was more incorporated throughout OSU.
- At first I was unsure of how lugging a laptop back and forth would help me learn, but I was pleasantly surprised because

all my notes were readable and organized, and if I needed to go anywhere or give someone a copy of the notes, it just
made it a lot easier.

IE 411 Yes
(26.3%)

- They are effective for learning things such as programming. Plus they are nice to use when the computer labs are full.
- It's handy, you do not need to print everything just before class.
- Can navigate the related web pages as real time and also can do complex calculations with laptop.

Maybc
(47.4%)

-I will use laptops in class if the class is oriented towards them.
- Depends on ease of use and availability
- Depend on the requirements of future courses
- It takes too much time to type code as the professor makes changes to his code. One does not concentrate on what the

professor is teaching get lost often.
No

(21.1%)
- Depends on the type of class and laptop availability. I would prefer not to use it.
- Expensive and heavy I don't want to carry around.
- I prefer to take notes in paper rather than in computer, and I don't have to take programming class anymore.

Other comments - This laptop is too big and not enough space with laptop. So, I need very small laptop, thin and light with long battery life.
- They can be distracting at times.
- Laptops were late in coming and had some initial network stability problems.
- The remote programming environment used for the course was very frustrating. Security settings on the server made

browsing, file management, turning in assignments, and running programs very difficult. I would recommend using a
computer lab that has drive permissions instead of a remote environment. The notebook worked well for applications that
were ran local to the notebook, using the wireless connection for web and e-mail only.

- The hobbiton system is not robust enough to handle wireless applications for class yet. System took a long time to log
into, kept getting disconnected, and you were left behind from other students in class. It was not a pleasant experience.
Support was not there all the time when it was needed. I would not recommend to use wireless for classes yet until you're
sure the system is robust enough!!

- I. Set-up time with laptops too costly 2. Laptop does not automatically mean you're learning! They require a teacher to
be very prepared and have thought out why it is important for everyone to repeat a procedure on a laptop.

- The wireless system is not working properly. There's a lot of frustration when server is down or slow during class.



Table 4.55. Student responses and perceptions of the advantages and disadvantages of MWT usage in the classroom (Continued).

Course Desire to use MWT
Devices in Future

Course (% Response)
Sample Comments

Ci[E 101 Yes
(66.1%)

- They are useful tools, making possible things that would otherwise not be. And it's required.
- I plan to continue in engineering, and a wireless laptop is required.
- Laptops help make me faster and more efficient at homework (not to mention better).
- I have learned more about computers in one term than I have for the remainder of my education.

Maybe
(30.6%)

- If it is integrated into the course as I expect it to be. I could see myself using laptops in the future.
- It depends on if the instructor makes the use of a laptop beneficial.
- If classes are designed for laptop use then I will use them."

No
(3.2%)

. I like my laptop and all, but I hate carrying it around. It is too heavy and easily damaged when in my backpack.
- My new classes won't require it.

Other comments - Spend less time on setup.
- Small lecture seating writing surfaces are not good, sturdy places for laptops!!

CHE 102 Yes
(71.4%)

- It is convenient and having wireless, especially wireless printing simplifies life.
- Easy to transfer data and work.
- It's helpful to see what you learn, especially with using Matlab.
- It is essential to doing meaningful work and preparing for a real profession in Chemical engineering.
- I like having my laptop that I can do work arid always have my work with me.
- They make it easier to do work.

Maybe
(229%)

- It depends on how the information is taught.
- I love laptops but they 're such an inconvenience to carry around all day. I wish we can use it all the time but too heavy.
- Sometimes laptops are not useful with some classes.
- I sometimes have difficulties with laptops, but I believe that they are essential.

No
(4.3%)

- They are heavy. Desks aren't big enough, I get distracted by laptop and miss lecture.

Other comments - Its much easier to learn Matlab by typing in the commands. Much better than just hearing or reading about it.
- I enjoyed being able to use my laptop. However, as an upper classman I was unable to finance my laptop into my financial

aid, so it was a large out of packet expense.



Table 4.55. Student responses and perceptions of the advantages and disadvantages of MWT usage in the classroom (Continued).

Course Desire to use MWT
Devices in Future

Course (% Response)
Sample Comments

ST 314 Yes
(32.6%)

- I think the engineering job market is full of laptops and any experience can only help.
- To get experience before attempting homework.
- I am a visual learner.
- Good tool.
- They do busy work fast, leaving you with the data you want without the calculations done longhand.
- They are more real world.

Maybe
(50.0%)

- It is not necessarily a benefit if the software being used is not helpful. The laptop is not the issue. It is what we are using
on the laptop.

- In some classes it may be useful, however in many it would not.
- They could be helpful, but only if used for something worth doing that cannot be done just as easily without them.
- I just like it when the professor works through examples. That way lean follow step by step what is going on.
- Depends on content

Carrying laptop from place to place can get really annoying. Also, depending on the class, I would be tempted to do other
things on my laptop during lecture (it's a distraction).

- Depends on how it is used if it could be helpful or not.
- Depends on what purpose of using laptops in class. I would like to do exercises or demonstrations with laptops.

No
(17.4%)

- Working problems by hand seems to help more with understanding.
- Tends to take up too much time for people that are not already proficient with laptops.
- I would rather learn in the usual way.
- The only reason to use wireless devices in class would be to learn how to use them. I would hope that people could do that

on their own time so that we can learn material instead.
- I don't like doing assignments on laptops. I need to be able to draw on the diagrams to accurately analyze them. I need to

be able to write equations and things next to them. Using laptops makes it harder to analyze and understand material.
Other comments - Not enough desk space to have a laptop and take written notes.

- if this were worth points or extra credit I think we would of taken it more seriously instead of guessing.



Table 4.55. Student responses and perceptions of the advantages and disadvantages of MWT usage in the classroom (Continued).

Course Desire to use MWT
Devices in Future

Course (% Response)
Sample Comments

CE 102 Yes
(68.8%)

I learn better with the laptop.
- They make it more fun.
- They are fun to use and make things easy.
- Because tur some reason it keeps me from sleeping in class.
- I would like to have as much experience as possible using laptops.
- It made it easier to follow along and understand. Instead of spending most of the lecture frantically taking notes, they

could be posted and you could follow along and be more free to ask questions.
- The laptops are more interactive than just taking notes.

I thought it helped me learn.
- It made it fun to use rather than just take notes in lecture.
- Using laptops made this class more hands on.

Maybe
(25.0%)

- Nice to have laptops in class but annoying to bring them and you can't connect every time.
- Only if they will be helpful to the class.
- Computers can sometimes overcomplicate things if the computer isn't working properly.
- it depends on what the class is using them for,
- 1 don't really enjoy it hut it would be really hard without a laptop.

No
(5.2%)

- Laptops are distracting.
- Sometimes technical difficulties make things frustrating.



4.4 Contribution of MWT to Meeting Learning Objectives Study

Research question: Does the introduction of MWT in the classroom affect course learning

objective achievement?

Hypothesis 4: The introduction of MWT in the classroom does not affect course

learning objective achievement (as measured by student and instructor

evaluations).

This research was targeted not only at evaluating how students use MWT, but also in

assessing how MWT contributes to the achievement of learning objectives from the

perspective of both students and instructors. Course learning objectives were developed for

the courses included in this part of the study by instructors. The learning objectives were

shared with students at the beginning of the tejin. Beginning at the end of Winter term 2004,

students and instructors were asked to rate on a five-point scale (strongly disagree, disagree,

neutral, agree, strongly agree) the extent to which MWT usage in the classroom helped

students achieve course learning objectives. Responses were coded so that a higher response

was indicative of the MWT contributing more to course learning objective achievement. The

number of student surveys used for determining average values varied slightly for each

learning objective due to incomplete surveys. The following sections summarize results from

the seven courses used in evaluating this research question.

4.4.1 Engineering Orientation II (ENGR 112; Winter 2004 and Winter 2005)

Summary descriptive statistics for the role of MWT in course learning objective

achievement as evaluated by students and instructor in Winter teini 2004 and Winter term

2005 are included in Table 4.56. For student responses, the minimum values, maximum

values, medians, means, and standard deviations for each course learning objective are

180
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shown. The overall responses of both terms were quite favorable. Medians and means for all

learning objectives were greater than 3.0 for both students and instructor perspectives,

indicating that students and instructor felt that MWT did contribute towards the achievement

of course learning objectives.

The student response data were further analyzed to evaluate if a significant difference

was seen between the contributions of MWT in meeting course learning objective as

evaluated by students in the two terms of ENGR 112. Laptops were used in both Winter teiin

2004 and Winter term 2005. However, wireless capability was available only in Winter term

2005. Students had to check out devices as they arrived and to check in devices before they

left the classroom in Winter teiiii 2004. Groups of 2-3 students shared laptops in the

classroom. In Winter term 2005, students were required to supply their own laptop for in class

usage. Based on the Central Limit Theorem, when sample sizes are moderate to large (n

30), t-distribution-basecl procedures can be used to make inferences about sample means even

when the normality conditions do not hold (Ott & Longnecker, 2001). Therefore, a t-test for

two independent samples was used. The null hypothesis was H0: 1win05 - win04 = 0; the

alternate hypothesis used was Ha: J.1jnO - !twin04 0. The abbreviations "win04" and "win05"

are used to represent "Winter teiiii 2004" and "Winter teiiu 2005" respectively. Results of the

t-test are included in Table 4.56. The p-values for the test of differences on the contribution

of MWT in meeting course learning objective were less than 0.05, except for the course

learning objective of "Ability to use computer tools to determine statistics such as mean,

median, mode, and standard deviation." This course learning objective focused on analysis

that students could perform by hand or with a simpler device, such as a calculator, so students

felt that the use of MWT was not as helpful in meeting the learning objective. These results

indicated that significant differences existed. There was sufficient evidence to conclude that

the individual usage of MWT both inside and outside the classrooms with wireless capability
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l)OSitively impacted course learning objective achievement as evaluated by students. The

Mann-Whitney test was also perfoiined to see if there were any differences between results of

the t-test and Mann-Whitney test. Results of the Mann-Whitney test supported the same

conclusions.

Table 4.56. Summary descriptive statistics for the contribution ofMWT in meeting course
learning objective as evaluated by students and instructor and results of t-test
(ENGR 112).

Students and instructor were asked to evaluate laptop usage in the classroom as it

related to student overall learning. Student responses from both teiiiis are included in Table

4.57. The student responses on MWT usage in the classroom as it related to overall learning

also indicated that student responses in the first two answers of "Much further ahead than

Course Learning Objectives
Student Perspectives Instructor

PerspectiveTerm n Mm Max Median Mean SD p-value
Ability to use engineering software
to solve applicable engineering
problem.

WinO4 68 2.00 5.00 4.00 3.74 0.77
0.007 4.00WinO5 57 2.00 5.00 4.00 4.09 0.66

Knowledge of the basic capabilities
of Excel.

WinO4 68 2.00 5.00 4.00 3.81 0.83
0.000 5.00WinO5 57 3.00 5.00 4.00 4.30 0.60

Ability to use computer tools to
determine statistics such as mean,
median, mode, and standard
deviation.

WinO4 68 2.00 5.00 4.00 3.97 0.96

0.058 4.00WinOS 57 2.00 5.00 4.00 4.26 0.70

Ability to use computer tools to
solve basic time-value of money
equations.

WinO4 68 2.00 5.00 4.00 3.71 0.79
0.000 4.00WinOS 57 3.00 5.00 4.00 4.23 0.60

Knowledge of the basic capabilities
of Visual Basic.

WinO4 67 2.00 5.00 4.00 3.72 0.83
0.000 5.00WinOS 57 3.00 5.00 4.00 4.26 0.64

Ability to represent an engineering
problem with a flowchart.

WinO4 68 2.00 5.00 3.00 3.38 0.86
0.000 3.00WinO5 57 3.00 5.00 4,00 4.16 0.68

Ability to translate a flowchart into
a basic computer program.

WinO4 68 2.00 5.00 4.00 3.49 0.82
0.000 3.00WinO5 57 2.00 5.00 4.00 4.05 0.74

Ability to develop a graphical user
interface using Visual Basic.

WinO4 67 1.00 5.00 4.00 3.52 0.91
0.000 4.00WinOS 57 2.00 5.00 4.00 4.26 0.70

Ability to use graphical tools such
as charts and graphs in solving
engineering problems.

WinO4 68 2.00 5.00 4.00 3.68 0.80
0.000 5.00WinOS 57 3.00 5.00 4.00 4.18 0.63
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where I expected to be" and "Somewhat ahead of where I expected to be" were higher in

Winter term 2005 than in Winter term 2004. Twenty percent and 43%, respectively, of

students choose these two answers in Winter teiin 2005, whereas 7% and 30% recorded these

two answers in Winter teiiii 2004. The percentage of students responding "Just about where I

expected to be" and "Somewhat behind where I expected to be" in Winter term 2005 was also

lower than Winter term 2004. Thirty-one percent of student responded "Just about where I

expected to be" and 2% choose the response "Somewhat behind where I expected to be" in

Winter term 2005, where as 53% and 7% choose these responses in Winter term 2004. The

instructor responded to "Just about where I expected to be."

Table 4.57. Student responses on MWT usage in the classroom as it related to overall
learning (ENGR 112).

4.4.2 Visual Programming for Industrial Application (IE 411)

Summary descriptive statistics for the role of MWT in course learning objective

achievement as evaluated by students and instructor are included in Table 4.58. For student

responses, medians of all course learning objectives were greater than 3.0. However, means

of the third and forth course learning objectives, which were "Understand and follow the

Unified Process roadmap through requirements, analysis, design, and coding" and "Use the

Unified Modeling Language (UIML) to illustrate analysis and design models" were less than

Response
% of Students

Winter 2004 Winter 2005

Much further ahead than where I expected to be 7 20

Somewhat ahead of where I expected to be 30 43

Just about where I expected to be 53 31

Somewhat behind where I expected to be 7 2

Not at all where I expected to be 0 0
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3.0. Instructor responses of all course learning objectives were all greater than 3.0. Students

and instructor were asked to evaluate laptop usage in the classroom as it related to student

overall learning. Results are included in Table 4.59. Majority of students responded to

"Somewhat ahead of where I expected to be" and "Just about where I expected to be." On the

other hand, the instructor responded to "Somewhat behind where I expected to be."

Table 4.58. Summary descriptive statistics for the contribution of MWT in meeting course
learning objective as evaluated by students and instructor (IE 411).

Table 4.59. Student responses on laptop usage in the classroom as it related to overall
learning (IE 411).

Course Learning Objectives
Student Perspectives Instructor

Perspectiven Mm Max Median Mean SD

Model and solve engineeng problems in
industrial information systems 19 2.00 5.00 4.00 3.63 0.76 5.00

Design robust and maintainable computing
applications using object-oriented design and
analysis approach

19 2.00 5.00 4.00 3.53 0.77 4.00

Understand and follow the Unified Process
roadmap through requirements, analysis, design,
and coding

19 1.00 4.00 3.00 2.47 0.84 3.00

Use the Unified Modeling Language (UML) °
illustrate analysis and design models 18 1.00 5.00 3.00 2.78 0.88 4.00

Develop basic Graphic User Interfaces (GUIs)
using Visual Basic .NET programniing language 19 3.00 5.00 4.00 4.00 0.67 5.00

Ability to manipulate data stored in a relational
database via a Visual Basic GUI 19 2.00 5.00 4.00 3.74 0.65 4.00

Response % of students
Much further ahead than where I expected to be 0

Somewhat ahead of where I expected to be 32

Just about where I expected to be 32

Somewhat behind where I expected to be 26

Not at all where I expected to be 5



4.4.3 Chemical Engineering Orientation (CHE 101)

Summary descriptive statistics for the role of MWT in course learning objective

achievement as evaluated by students and instructor are included in Table 460. The overall

response was quite favorable. For student perspectives, medians and means for all courses

learning objectives were greater than 3.0. For instructor perspectives, average responses

between two instructors were all greater than 3.0, indicating that both students and instructors

felt that MWT did contribute towards the achievement of course learning objectives.

Students and instructors were asked to evaluate laptop usage in the classroom as it related to

student overall learning. Results are summarized in Table 461. Majority of students

responded to "Just about where I expected to be." There were two instructors co-teach this

class. One instructor responded to "Somewhat ahead of where I expected to be", and the other

instructor responded to "Just about where I expected to be"
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Table 4.60. Summary descriptive statistics for the contribution of MWT in meeting course
learning objective as evaluated by students and instructor (CHE 101).

verage scores between two instructors

Table 4.61. Student responses on laptop usage in the classroom as it related to overall
learning (CHE 101).

Course Learning Objectives
Student Perspectives Instructor

Perspectives*n Mm Max Median Mean SD

Describe the kinds of professional activities fl
which engineers are involved 60 1.00 5.00 3.00 3.27 1.01 3.00

Recognize the roles of Oregon State University
(OSU), the College of Engineering (COE), and
the Chemical Engineering (CHE) Department,
and the Accreditation Board of Engineering and
Technology (ABET) in their undergraduate
education

60 1.00 5.00 3.00 3.25 0.99 3.00

Exercise appropriate and consistent use of units
and dimensions. 60 1.00 5.00 4.00 3.47 1.03 3.00

Perform basic process calculation, involving
pressure, temperature, and flow rate. 59 1.00 5.00 4.00 3.81 0.84 4.00

Use modem engineering computer tools: a)
spreadsheet program (EXCEL) to perform
engineering calculations and present graphical
information; b) word processing (WORD) and
presentation software (PowerPoint) for
preparation of technical documents, reports and
memos; c) Internet for information retrieval and
for professional correspondence via email.

60 1.00 5.00 4.00 4.13 0.87 4.50

Work as part of a team on an open-ended design
problem related to bioengineering, which
involves: a) time management and planning; b)
design and re-design; c) data collection and
analysis; d) oral and written communication; e)
a deliverable product.

60 1.00 5.00 4.00 3.90 0 86 3.50

Response % of students

Much further ahead than where I expected to be 11

Somewhat ahead of where I expected to be 21

Just about where I expected to be 57

Somewhat behind where I expected to be 7

Not at all where I expected to be 3



4.4.4 Introductory Chemical Engineering Computation (CHE 102)

Summary descriptive statistics for the role of MWT in course learning objective

achievement made by students and instructor are included in Table 4.62. The overall

response was quite favorable. For student perspective, medians and means were greater than

3.0. Instructor responses for all course learning objectives were all greater than 3.0, indicating

that students and instructor felt that M1,VT did contribute towards the achievement of course

learning objectives. Students and instructor were asked to evaluate laptop usage in the

classroom as it related to student overall learning. Results are included in Table 4.63.

Majority of students responded to "Just about where I expected to be." On the other hand, the

instructor responded to "Somewhat behind where I expected to be."
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Table 4.63. Student responses on laptop usage in the classroom as it related to overall
learning (CHE 102).

188

Table 4.62. Summary descriptive statistics for the contribution of MWT in meeting course
learning objective as evaluated by students and instructor (CHE 102).

Course Learning Objectives
Student Perspectives Instructor

Perspectiven Mm Max Median Mean SD

Use MATLAB commands to perfon simple
calculations and analyze data. 69 2.00 5.00 4.00 4.07 0.75 5.00

Use MATLAB commands to make appropriate
plots of data from ASCII files (loglog, logx,
logy or linear xy format).

69 2.00 5.00 4.00 3.97 0.79 5.00

Use the MATLAB Figure Editor to modify
those plots to include advanced components
such as text comments, arrows and a legend.

69 2.00 5.00 4.00 4.09 0.82 5.00

Use ROBOLAB to record large sets of real-
time data using the LEGO® microprocessor
(RCX) and an appropriate sensor.

69 1.00 5.00 4.00 3.61 1.02 3.00

Use ROBOLAB to do real-time programming
of logic decisions for a robot based on the
LEGO microprocessor (RCX) based on
sensor inputs.

69 00 5.00 4.00 3.62 1.04 300

Write a program in MATLAB following good
programming practice and using: scalar and
array operations, control structures and built-in
math functions.

69 2.00 5.00 4.00 3.93 0.85 4.00

Write a program in MATLAB which
incorporates one or more user-written
functions, for example using an existing
MATLAB toolbox to simulate the streams in a
chemical process with recycle.

69 2.00 5.00 4.00 3.94 0.86 4.00

Make meaningful contributions to team efforts
to design a hardware and software solution to a
project challenge which utilizes ROBOLAB to
make a robot which responds to and records
sensor data which is then analyzed and plotted
using MATLAB.

69 1.00 5.00 4.00 3.93 0.96 4.00

Response % of students

Much further ahead than where I expected to be 20

Somewhat ahead of where I expected to be 29

Just about where I expected to be 47

Somewhat behind where I expected to be 3

Not at all where I expected to be 0



4.4.5 Introduction to Statistics for Engineers (ST 314)

Summary descriptive statistics for the role of MWT in course learning objective

achievement as evaluated by students and instructor are included in Table 4.64. The overall

response was quite favorable. For student perspectives, medians and means were all greater

than 3.0. Instructor responses were also all greater than 3.0, indicating that students and

instructor felt that MWT did contribute towards the achievement of course learning

objectives. Students and instructor were asked to evaluate laptop usage in the classroom as it

related to student overall learning. Results are included in Table 4.65. Majority of students

responded to "Just about where I expected to be." The instructor responded to "Somewhat

ahead of where I expected to be."

Table 4.64. Summary descriptive statistics for the contribution of MWT in meeting course
learning objective as evaluated by students and instructor (ST 314).

189

Course Learning Objectives
Student Perspectives Instructor

Perspectiven Mm Max Median Mean SD

To have an understanding of the role of statistics
within the engineering profession. 46 1.00 5.00 3.00 3.02 1.13 3.00

To be able to graphically display data in ways
meaningful for interpretation. 46 1.00 5.00 4.00 3.57 1.03 5.00

To have an understanding of variability in
engineering processes and appropriate ways of
modeling such variability.

46 1.00 5.00 3.00 3.15 1.09 4.00

To have a basic understanding of the tools of
statistical inference. 46 1.00 5.00 4.00 3.35 0.99 5.00

To understand statistical process control and the
use of control charts. 46 1.00 5.00 4.00 3.30 1.01 3.00

To be able to construct and interpret linear
regression models involving one or more
independent variables.

46 1.00 5.00 4.00 3.35 1.10 4.00

To have an understanding of the principles of
design of experiments and be able to identify
when such principles can be put to use for
engineering problems.

46 1.00 5.00 3.00 3.15 1.09 4.00



Table 4.65. Student responses on laptop usage in the classroom as it related to overall
learning (ST 314).

4.4.6 Civil Engineering I: Problem Solving and Technology (CE 102)

Summary descriptive statistics for the role of MWT in course learning objective

achievement as evaluated by students and instructor are included in Table 4.66. The overall

response was quite favorable. For student perspectives, medians and means were all greater

than 3.0. Instructor responses were all greater then 3.0, indicating that students and instructor

felt that MWT did contribute towards the achievement of course learning objectives. Students

and instructor were asked to evaluate laptop usage in the classroom as it related to student

overall learning. Results are included in Table 4.67. Majority of students responded to "Just

about where I expected to be" and "Somewhat ahead of where I expected to be." The

instructor responded to "Somewhat ahead of where I expected to be."
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Response % of students

Much further ahead than where I expected to be 2

Somewhat ahead of where 1 expected to be 13

Just about where I expected to be 67

Somewhat behind where I expected to be 7

Not at all where I expected to be 7



191

Table 4.66. Summary descriptive statistics for the contribution of MWT in meeting course
learning objective as evaluated by students and instructor (CE 102).

Table 4.67. Student responses on laptop usage in the classroom as it related to overall
learning (CE 102).

In conclusion, based on results of student and instructor surveys, the overall responses

on the extent to which MWT usage in the classroom helped students achieve course learning

objectives were quite favorable. Medians and means for all learning objectives for all targeted

courses were greater than 3.0, except for two of the course learning objectives in IE 411

where means were less than 3.0 as evaluated by students. These results are indicative of

student feeling that MWT did contribute towards their achievement of course learning

objectives.

Course Learning Objectives
Student Perspectives instructor

Perspectiven Mm Max Median Mean SD
At the end of the course, students should be able
to graph and analyze data, including fitting
equations to data and interpolating between data
points with Excel and VBA.

96 0.00 5.00 4.00 4.03 0.80 5.00

At the end of the course, students should be able
to solve single and simultaneous equations,
convert units and understand logical decisions
with Excel and VBA.

96 0.00 5.00 4.00 4.01 0.79 4.00

At the end of the course, students should
understand the fundamentals of a computer
program and assignments.

96 0.00 5.00 4.00 3.75 0.89 4.00

At the end of the course, students should be able
to code simple decisions and loops with Excel
and VBA.

96 000 5.00 4.00 3.57 0.99 4.00

Response % of students

Much further ahead than where I expected to be 16

Somewhat ahead of where I expected to be 35

Just about where I expected to be 43

Somewhat behind where I expected to be 3

Not at all where I expected to be 1
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The student responses on the MWT usage in the classroom as it related to overall

learning indicated that in total, the majority of students responded to "Just about where I

expected to be" or above (i.e. "Somewhat ahead of where I expected to be", "Much further

ahead than where I expected to be"). Less than 10% of the students felt that they were

"Somewhat behind where I expected to be" or less (i.e. "Not at all where I expected to be"),

except for IE 411 about 31%. One reason for this negative impact appears to be related to

problem with wireless access. In this course, students complained about problems with a

remote server. Students used a specific application through connecting to a remote server.

Since this course was a programming class, students depended on the availability of the

program. When there were problems with the wireless network, students could not use the

program and this made it difficult for them to follow along with the instructor. hi addition, the

frequent and individual use of MWT both inside and outside the classrooms with wireless

capability also appeared to have a positive impact on student perceptions of course learning

objective achievement and overall learning. Three out of seven instructors indicated that the

MWT usage in the classroom as it related to student overall learning was "Somewhat ahead

of where I expected to be." Two instructors indicated "Just about where I expected to be" and

two instructors indicated "Somewhat behind where I expected to be."



4.5 The Impact of Previous MWT Experience Study

Research questions: Does previous experience with mobile technology affect student

attitudes and student learning outcomes?

Hypothesis 5a: Previous experience with mobile technology does not affect student

attitudes towards MWT and the usage of MWT. In particular, there is

no difference in student attitudes towards MWT and the uslge of MWT

between students with and students without previous experience with

mobile technology.

Hypothesis 5b: Previous experience with mobile technology does not affect student

learning outcomes. In particular, there is no difference in student

learning outcomes between students with and students without previous

experience with mobile technology.

4.5.1 The Effects of Previous MWT Experience on Student Attitudes

One item was included on the pre-test survey to deteiniine if students had previously

used a given type of MWT. This question was included in pre-test surveys beginning in

Spring term 2003. The question was not included in pre-test surveys for ENGR 112 in Spring

term 2002 or Winter term 2003. In some courses, only a small number of students did not

have previous experience with the mobile technology being used. In ENGR 112 in Winter

term 2004, there were only two students that had never used a laptop before. In IE 411, only

one student had not used a laptop prior to this class. Therefore, testing to check for a

relationship between student attitudes and experience with mobile technology were not

completed for these courses.

Since the data were not normally distributed and the range of the response was limited

to responses between I and 5, non-parametric statistical tests were used. Students with and
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students without previous MWT experience were treated as independent samples. A Mann-

Whitney statistical test was used to evaluate if a significant difference was seen between the

attitudes of students with and students without experience. The null hypothesis was H0: MWth

MWth0t = 0; the alternate hypothesis used was Ha: MWjth - Mth0t 0. The abbreviations

"with" and "without" were used to represent "students with" and "students without" previous

MWT experience, respectively.

4.5.1.1 Engineering Orientation II (ENGR 112)

Spring 2003

Summary descriptive statistics for the two groups of students (with and without

previous experience with mobile technology) and results of the Mann-Whitney test are

included in Table 4.68. P-values for the tests in the confidence and anxiety scales were less

than or equal to 0.05 indicating that significant differences existed. There was sufficient

evidence to conclude that student confidence in MWT and the usage of MWT for students

with previous MWT experience was higher than students without previous MWT experience.

Similarly, students with previous MWT experience were less anxious than students without

such experience.



Table 4.68. Summary descriptive statistics for each scale and results of Mann-
Whitney test (ENGR 112, Spring 2003, PDAs).

Winter 2005

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.69. P-values were all greater than 0.05.

Table 4.69. Summary descriptive statistics for each scale and results of Mann-Whitney test
(ENGR 112, Winter 2005, Laptops).
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (with) 4 4.25 5.00 4.75 4.69 0.38
0.013

Confidence (without) 20 2.50 5.00 4.00 3.89 0.63

Anxiety (with) 6 3.60 5.00 4.80 4.63 0.53
0.050

Anxiety (without) 20 2.60 5.00 4.10 4.09 0.63

Liking (with) 5 4.00 5.00 4.25 4.40 0.38
0.139

Liking (without) 20 3.00 5.00 4.00 4.06 0.52

Enthusiasm (with) 5 3.33 4.67 3.67 4.00 0.63
0.668

Enthusiasm (without) 21 2.67 5.00 4.33 4.09 0.69

Usefulness in general (with) 6 3.60 4.80 4.30 4.23 0.46
0.325

Usefulness in general (without) 20 3.20 4.80 4.20 4.02 0.48

Survey Scale n Mm Max Median Mean SD p-value

Confidence (with) 70 2.00 5.00 4.00 4.03 0.65
0.308

Confidence (without) 6 3.00 4.25 3.88 3.75 0.52

Anxiety (with) 68 1.60 5.00 4.00 4.11 0.71
0.434

Anxiety (without) 6 3.20 4.80 4.00 3.97 0.51

Liking (with) 69 2.25 5.00 4.00 3.97 0.61
0.390

Liking (without) 6 3.50 4.50 3.88 3.88 0.38

Enthusiasm (with) 70 1.67 5.00 3.67 3.64 0.66
0.095

Enthusiasm (without) 6 3.33 4.67 4.00 4.06 0.44

Usefulness in general (with) 69 3.00 5.00 4.40 4.32 0.54
0.159

Usefulness in general (without) 4 3.40 4.60 3.90 3.95 0.50
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4.5.1.2 General Physics (PH 202)

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.70. No significant differences were found except for

the confidence scale. Because the confidence scale was not highly reliable, caution should

be taken in interpreting these results.

Table 4.70. Summary descriptive statistics for each scale and results of Mann-Whitney test
(PH 202, PRS Units).

ale internal reliability was less than 0.65.

4.5.1.3 Chemical Engineering Orientation (CHE 101)

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.71. P-values for the confidence and anxiety scales were

less than 0.05 indicating that significant differences existed. There was sufficient evideilce to

conclude that students with previous MWT experience were more confident and less anxious

than students without such previous experience.

Survey Scale n Mm Max Median Mean SD p-value
Confidence (with)* 173 1.00 5.00 4,33 4.30 0.71

0.031
Confidence (without)* 160 2.33 5.00 4.33 4.19 0.60

Anxiety (with) 174 1.80 5.00 4.60 4.39 0.70
0.335

Anxiety (without) 158 1.60 5.00 4.40 4.34 0.68

Liking (with) 173 1.00 5.00 3.25 3.25 1.08
0.859Liking (without) 161 1.00 5.00 3.25 3.23 0.96

Enthusiasm (with) 174 1.00 5.00 2.33 2.25 0.87
0.639

Enthusiasm (without) 162 1.00 5.00 2.33 2.24 0.86

Usefulness in ueneral (with) 172 1.00 5.00 3.00 3.15 1.26
0.550

Usefulness in general (without) 162 1.00 5.00 3.00 3.08 1.17



Table 4.71. Summary descriptive statistics for each scale and results ofMann-Whitney test
(CuE 101, Laptops).

4.5.1.4 Introductory Chemical Engineering Computation (CHE 102)

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.72. No significant differences were found. in

conclusion, no differences in student attitudes towards MWT and the usage of MWT between

students with and students without previous MWT experience were found.

Table 4.72. Summary descriptive statistics for each scale and results of Mann-Whitney test
(CHE 102, Laptops).
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Survey Scale a Mm Max Median Mean SD p-value

Confidence (with) 42 2.00 5.00 4.00 4.05 0.65
0.044

Confidence(without) 11 2.50 5.00 3.75 3.59 0.76

Anxiety (with) 41 2.80 5.00 4.20 4.24 0.58
0.003Anxiety (without) ii 1.80 4.80 3.00 3.27 0.96

Liking (with) 39 2.50 5.00 4.00 3.98 0.64
0.341

Liking (without) 10 2.50 4.75 3.75 3.75 0.73

Enthusiasm (with) 42 1.00 5.00 3.67 3.49 0.87
0.641

Enthusiasm (without) 11 1.67 4.33 3.67 3.33 0.86

Usefulness in general (with) 42 1.80 5.00 4.40 4.27 0.77
0.187

Usefulness in general (without) 11 3.60 5.00 4.00 4.15 0.47

Survey Scale a Mm Max Median Mean SD p-value

Confidence (with) 76 2.50 5.00 4.00 4.14 0.60
0.153

Confidence (without) 7 3.00 5.00 3.75 3.79 0.71

Anxiety (with) 76 2.40 5.00 4.20 4.18 0.67
0.07 1

Anxiety (without) 7 3.00 5.00 3.60 3.69 0.76

Liking (with) 75 1.25 5.00 3.75 3.79 0.73
0.336

Liking (without) 7 3.25 5.00 4.00 4.04 0.51

Enthusiasm (with) 76 1.33 5.00 3.67 3.59 0.78
0.063

Enthusiasm (without) 7 3 67 5.00 4.00 4.19 0.60

Usefulness in general (with) 76 2.60 5.00 4.40 4.36 0.54
0.868

Usefulness in general (without) 7 3.60 5.00 4.20 4.31 0.59



4.5.1.5 Introduction to Statistics for Engineers (ST 314)

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.73. No significant differences were found. In

conclusion, no differences in student attitudes towards MWT and the usage of MWT between

students with and students without previous MWT experience were found.

Table 4.73. Summary descriptive statistics for each scale and results of Mann-Whitney test
(ST 314, Laptops).

4.5.1.6 Civil Engineering I: Problem Solving and Technology (CE 102)

Summary descriptive statistics for the two groups of students and results of the Mann-

Whitney test are included in Table 4.74. P-values for the confidence, anxiety and liking

scales were less than 0.05 indicating that significant differences existed. There was sufficient

evidence to conclude that students with previous MWT experience were more confident and

less anxious than students without such previous experience. Students with previous MWT

experience also liked the use of MWT in the classroom more than the students without such

experience.
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Survey Scale n Mm Max Median Mean SD p-value

Confidence (with) 34 2.75 5.00 4.50 4.36 0.62
0.140

Confidence (without) 2 3.50 4.00 3.75 3.75 0.35

Anxiety (with) 33 3.00 5.00 4.60 4.44 0.60
0.090Anxiety (without) 2 3.60 4.00 3.80 3.80 0.28

Liking (with) 34 1.75 5.00 3.63 3.68 0.91
0.755Liking (without) 2 3.00 4.00 3.50 3.50 0.71

Enthusiasm (with) 33 1.00 5.00 3.33 3.45 1.04
0.971Enthusiasm (without) 2 3.33 3.67 3.50 3.50 0.24

Usefulness in general (with) 33 2.80 5.00 4.20 4.28 0.60
0.857Usefulness in general (without) 2 3.20 5.00 4.10 4.10 1.27



4.5.2 Overall Impact of MWT Experience Analyses Summary

Summary results from hypothesis 5a data analysis are shown in Table 4.75. An entry

of "Yes" indicates that significant differences existed. A "+" sign represents significant

differences where the students with previous MWT experience had attitude scores that were

higher than the students without previous MWT experience. A "-" sign represents significant

differences where the students without previous MWT experience had attitudes scores that

were higher than the students with MWT experience. An entry of "No" indicates that no

significant differences were found.
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Table 4.74. Summary descriptive statistics for each scale and results of Mann-Whitney test
(CE 102, Laptops).

Survey Scale n Mm Max Median Mean SD p-value

Confidence (with) 59 2.75 5.00 4.00 4.06 0.55
0.003Confidence (without) 16 2.50 4.50 3.63 3.55 0.59

Anxiety (with) 59 2.60 5.00 4.00 4.13 0.62
0.013Anxiety (without) 16 2.60 4.80 3.90 3.69 0.55

Liking(with) 59 1.50 5.00 4.00 4.04 0.65
0.015Liking (without) 16 1.75 4.50 3.88 3.66 0.68

Enthusiasm (with) 59 2.33 5.00 4.00 3.86 0.64
0.916Enthusiasm (without) 16 2.33 5.00 4.00 3.83 0.72

Usefulness in general (with) 59 3.20 5.00 4.60 4.48 0.45
0.990

Usefulness in general (without) 16 1.80 5.00 4.60 4.38 0.79



Table 4.75. Results from hypothesis 5a data analysis.

laninty was less than 0.65.

45.3 The Effects of Previous MWT Experience on Student Learning Outcomes

The student learning outcomes as measured by homework scores were available only

in ENGR 112 in Winter 2004 and Winter 2005. However, in Winter term 2004, there were

only two students that had never used a laptop before. Therefore, testing to check for a

relationship between student learning outcomes and experience with mobile technology was

completed only for ENGR 112 in Winter 2005. Since the data were not normally distributed,

a non-parametric statistical test was used. Students with and students without previous MWT

experience were treated as independent samples. A Mann-Whitney statistical test was used to

evaluate if a significant difference was seen between student homework scores (total

percentages) for students with and students without experience. Levene's test indicated that

variances were not significantly different. The null hypothesis was H0: Mth - MWjthOt 0; the

alternate hypothesis used was Ha: M1th - MIth0 0. The abbreviations "with" and "without"
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Course Term Device
Significant Differences Identified by Attitude Scale

Confidence Anxiety Liking Enthusiasm Usefulness
in general

ENGR 112 Spring
2003 FDA Yes(+) Yes(+) No No No

Winter
2005 Laptop No No No No No

PH 202 Winter
2004 PRS Yes()* No No No No*

CHE 101
2004
Fall

Laptop Yes(+) Yes(+) No No No

CHE 102 Winter
2005 Laptop No No No No No

ST 314 Spring
2005 Laptop No No No No No

CE 102 Spring
2005

Laptop

.

Yes(+)
-. -

Yes(+) Yes(+) No No
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were used to represent "students with" and "students without" previous MWT experience,

respectively. Table 4.76 summarizes descriptive statistics for student homework scores and

results of Mann-Whitney test. No significant differences were found. In conclusion, no

differences in student learning outcomes as measured by student perfoiinance on homework

between students with and students without previous MWT experience were found.

Table 4.76. Summary descriptive statistics for student homework scores (in percentage)
and results of Mann-Whitney test (ENGR 112, Winter 2005, Laptops).

4.6 Cost, Cost-Effectiveness and Cost-Utility Methodology

Different MWT configurations were used in the courses included in this research. This

section illustrates the use of a methodology to evaluate and compare the cost, cost-

effectiveness and cost-utility of different MWT configurations. It is important to emphasize

that this section is aimed at the illustration of the methodology. Each MWT configuration and

setting may have different ingredients, as well as different costs for a particular ingredient.

Cost data were collected from ENGR 112 in Winter term 2002, Spring teim 2002,

Winter term 2003, Spring term 2003, Winter term 2004 and Winter teiiii 2005. Although the

cost data were collected based on only one particular class, the methods for estimating costs

were established so that they could be replicated in other educational settings. All costs were

collected and reported in United States dollars based on the documents and expert consulting,

as well as through direct observation. However, the MWT hardware and software costs tend

to decline every year. Some MWT hardware and software costs that occurred in year 2003

may be lower in year 2005. Readers interested in evaluating MWT costs may consider

Experience n Mm Max Median Mean SD p-value

Homework grades

(Total percentage)

with 66 50.00 99.27 89.42 86.50 10.45
0.928

without 5 80.58 97.19 83.71 87.36 7.87
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estimating and translating every cost into the same baseline year to reduce the effect of MWT

cost reduction. However, in this research, the costs incurred in the actual years of the study

were used for the analysis to enable the comparison of costs and the impact within a year and

within same environment. In addition, since all costs were estimated and stated in annual

terms, they could be compared with the annual costs of other alternatives even though the

costs were incurred in different years. Cost estimation software was developed to assist users

in applying engineering economic methods to estimate multiyear costs of class-room based

MWT implementations. The software tool and user guide are included in Appendix 0.

The complete set of results on three main outcomes: impact on student learning

outcomes, impact on student attitudes, and contribution to achieving class learning objectives.

were available only for ENGR 112 in Winter 2004 and Winter 2005 terms. Therefore, the

cost-effectiveness and cost-utility analyses were completed and compared only between these

two courses.

4.6.1 Cost Estimates

This section summarizes the estimated costs of four different MWT implementations in

a higher education setting; (1) PDAs without wireless capability (student checks outlin

method), (2) PDAs with wireless capability (term loan method), (3) laptops without wireless

capability (student checks outlin method) and, (4) laptops with wireless capability (student

owns laptop method).

Levin's ingredients approach (1983, 1984) for estimating costs was used. This

approach included all costs, including opportunity and other hidden costs (such as client

costs). Costs for contributed or donated resources were also included as ingredients. The

ingredients of the MWT implementation were grouped together into five categories --

personnel, facilities, equipment and materials, other inputs, and client inputs (Levin &
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McEwan, 2001). The ingredients were identified, and cost estimates were made through

consulting both documents and expert practitioners (network computer coordinator for the

college and a network administrator for the Industrial and Manufacturing Engineering (JME)

department), as well as through direct observation. Costs were also calculated based on fixed

and variable cost concepts. Variable cost is the change in total cost associated with each

change in the quantity of a cost driver; whereas fixed costs do not change (Blocher, Chen,

Cokins & Liii, 2005). For example, the hourly labor cost (i.e. student workers), considered a

variable cost for this purpose of this research, was calculated based on the number of working

hours, whereas annual maintenance cost was considered as a fixed cost for one year. Facility

costs, as well as equipment and material costs were also calculated as fixed costs for a period

of one year.

4.6.1.1 PDAs without Wireless Capability (Student Checks out/in Method)

In the 2002 academic year, ENGR 112 was offered twice, in Winter term 2002 and

Spring term 2002. The same MWT platform was used for both terms. Cost data were

collected iii Winter term 2002 and Spring term 2002, with 72 and 52 enrolled students,

respectively. PDAs were used in the classrooms. Due to the limited availability of devices,

students had to check out devices as they arrived and to check in devices before they left the

classroom. Wireless capability was not available in these two teiiiis.

4.6.1.1.1 Personnel

The personnel ingredient category included all human resources required for the

alternative. In this case, these costs included the instructor and student labor costs. The ENGR

112 instructor estimated that approximately 2.5% of the time in one academic year was

devoted to tasks associated with preparing and integrating MW'F into the classroom for these
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two terms. The instructor's base salary was $70,000 a year (9-month salary). Therefore, the

instructor cost was estimated at $1,750. Student workers were responsible for distributing the

PDAs and for charging the batteries after each use. The student labor cost was estimated

using records from the ENGR 112 instructor and was $7,086 for two terms (20 weeks, each

term was 10 weeks long). The student labor cost in this case was high because only few

PDAs could be charged and maintained at a time. The total annual personnel cost was $8,836

(see Table 4.77).

Table 4.77. Estimates of annual personnel costs (PDAs without wireless capability, student
checks out/in method).

4.6.1.1.2 Facilities

The facilities category refers to the physical space required for the alternative

including any classroom space, offices, storage areas, renovation cost or other building

requirements. The PDAs were kept in the plastic boxes in an existing research lab. The

storage area cost was negligible. Therefore, there were no costs in this category.

4.6.1.1.3 Equipment and Materials

The equipment and materials category included furnishings, instructional equipment,

and/or materials that were used for the alternative. This category may include classroom and

office furniture such as computers, mobile wireless devices, audiovisual equipment, scientific

apparatus, books, machines, and other supplies. In this case, equipment and material costs

included only mobile wireless devices (PDAs). Two types of PDAs were used in the

Cost Ingredients Annual Cost (S)

Instructor 1,750

Student labor 7,086

Total 8.836
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classroom, the Hewlett Packard Jornada 720 and the Jornada 567. The 97 PDAs were

estimated to cost approximately $63,967 based on records from the instructor. Each PDA was

estimated to have a life of 2 years. The annualized cost was calculated based on the

depreciation over the useful life of the equipment, as well as the interest rate. Five different

interest rates; 2.0, 2.5, 3.0, 5.0 and 10.0%, were used. The 2005 U.S.Treasury Bill interest

rate was between 2.5 and 3.0 percent (Bloomberg, 2005). A 3.0% interest rate was used as the

basis for comparison. The estimate of equipment and material costs, the amortization and the

annualized costs at five different interest rates are shown in Table 4,78. The equipment and

material costs were considered fixed costs for one year.

Table 4.78. Estimates of equipment and materials costs (PDAs without wireless capability.
student checks out/in method).

4.6.1.1.4 Other Inputs

The "other inputs" category includes costs such as liability insurance, maintenance,

costs of training, internet access fees and all other ingredients that did not fit in one of the

previously described categories. In this case, only one other input cost was identified. This

was a maintenance cost. The maintenance cost included the COE computer service fee to

provide procedure to support, upgrade and track the PDAs. The maintenance cost per year

was estimated to be $2,250 based on the records of the course instructor.

Cost Ingredients Amortization
Period (years) Cost ($)

Annualized Cost ($)

2.0% 2.5% 3.0% 5.0% 10.0%
Mobile wireless
devices 2 63,967 32,946 33,188 33,430 34,402 36,857

Total 63,967 32,946 33,188 33.430 34,402 36,857



4.6.1.1.5 Clients Inputs

The client inputs category includes any contributions that were required of the

clients. Required software programs, mobile wireless devices, and fees are examples of client

cost ingredients. In this case, there were no costs in this category.

4.6.1.1.6 Summaty of Annualized Costs

The annualized costs at a 3.0% interest rate foi this case are summarized in Table

4.79. The approximate cost to provide a MWT implementation to serve 124 students was

$44,516 per year. The cost per student was estimated at $359/student.

Table 4.79. Summary of annualized costs (PDAs without wireless capability, student
checks out/in method).
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Table 4.80 summarizes the estimates of each of the five cost categories, the

amortization period, the annualized costs at five different interest rates, total cost per year and

cost per student.

Cost Ingredients Cost ($)

Personnel 8,836

Facilities -

Equipment and materials 33,430

Other inputs 2,250

Client inputs -

Total 44,516



Table 4.80. Estimates of each of the five cost categories, amortization period, annualized
costs at five different interest rate, total cost per year and cost per student
(PDAs without wireless capability, student checks outlin method).

4.6.L2 PDAs with Wireless Capability (Term Loan Method)

In the 2003 academic year, ENGR 112 course was offered twice, in the Winter term

2003 and Spring teiiii 2003. The same platform was used for both classes. The cost data were

collected in the Winter term 2003 and Spring term 2003, with 73 and 36 enrolled students

respectively. There were sufficient PDAs for students to loan for the duration of the term.

This case was a pilot wireless installation. The wireless system was installed locally for only

this particular class use. Therefore, students could access the wireless only in one particular

classroom during class periods.

4.6.1.2.1 Personnel

In this case, these costs included the wireless network administrator and course

instructor. The function of the administrative personnel was to install, set up and maintain the

wireless system and infrastructure. However, the labor cost associated with the installation
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Ingredients (by
Cost Categories)

Amortization
Penod
(years)

Cost
Annualized Cost

2.0% 2.5% 3.0% 5.0% 10.0%
Personnel

Instructor N/A 1,750.00 1,750.00 1,750.00 1,750.00 1,750.00 1,750.00
Others (student
labor)

N/A 7,086.00 7,086.00 7,086.00 7,086.00 7,086.00 7,086.00

Equipment and
materials
Mobile wireless
devices 2 63,967.00 32,946.17 33,187.82 33,429.85 34,401.76 36,857.18

Other inputs
Maintenance N/A 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00

Total cost per year N/A 75,053.00 44,032.17 44,273.82 44,515.85 45,487.76 47,943.18
Costperstudent N/A 355.10 357.05 359.00 366.84 386.64

XT.-..-
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and setting up was included in the "renovation Costs" in the facilities category, The

administrator devoted approximately two hours a week, 20 weeks a year (for two teiins) at a

rate of $22/hour for maintaining the wireless system. Total administrator cost was estimated

at $880 a year (for two terms). The ENGR 112 instructor estimated that approximately 2.5%

of the time was devoted to tasks associated with integrating MWT into the classroom. The

instructor's base salary was $70,000 a year (9-month salary). Therefore, the instructor cost

was estimated at $1,750. The total annual personnel cost was $2,630. The estimates for

annual personnel costs are summarized in Table 4.81.

Table 4.81. Estimates of annual personnel costs (PDAs with wireless capability, term loan
method).

4.6.1.2.2 Facilities

Facilities costs for this MWT option were related to renovating the networking

infrastructure in the classroom where ENGR 112 was taught and includes wiring costs,

electrical work and the labor associated with these activities. The wireless system was

installed locally by the IME network administrator. The IME network administrator devoted

approximately 10 hours at a rate of $22/hour for setting up the wireless system. Therefore, the

installation labor cost was estimated at $220. The renovation completed for this

implementation was estimated to have a life of 10 years. The annualized cost of facilities at

3.0% was approximately $26. The estimates of facility costs, the amortization period and the

annualized costs are shown in Table 4.82.

Cost Ingredients Annual Cost ($)

Administrator 880

Instructor 1,750

Total 2,630
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Table 4.82. Estimates of facility costs (PDAs with wireless capability, term loan method).

4.6.1.2.3 Equipment and Materials

In this case, equipment and material costs included mobile wireless devices (PDAs)

used as loaners, wireless access points, and networking infrastructure for wireless nodes. Two

types of PDA' s were used in the classes, the Hewlett Packard Jornada 720 and the Jornada

567. These devices were equipped with wireless network cards. The 97 PDAs were estimated

to cost approximately $63,967. Each PDA was estimated to have a life of 2 years. A wireless

access point (WAP or AP) is a device that connects wireless communication devices together

to create a wireless network. The wireless access point usually connects to a wired network,

and can relay data between wireless devices and wired devices. Within the range of the

wireless access point, the wireless enduser has a full network connection with the benefit of

mobility. The three wireless access point costs were estimated at $2,895 total or $965 a unit,

with an estimated life of 3 years. Networking infrastructure for wireless nodes was estimated

at $10,000 with a life of 10 years. The total equipment and materials costs were estimated to

be $76,862. Using a 3.0% interest rate, the annualized cost of equipment and materials were

approximately 35626. The estimates of equipment and materials costs, the amortization

period and the annualized costs at five different interest rates are shown in Table 4.83.

Cost Ingredients Amortization
Period (years) Cost ($)

Annualized Cost ($)

2.0% 2.5% 3.0% 5.0% 10.0%
Renovation cost 10 220 24 25 26 28 36

Total 220 24 25 26 28 36



Table 4.83. Estimates of equipment and materials costs (PDAs with wireless capability,
term loan method).

4.6.1.2.4 Other Inputs

In this case, only one other cost was identified. This was an overall maintenance

cost, estimated to be $2,250 per year.

4.6.1.2.5 Clients Inputs

There were no client inputs in this case.

4.6.1.2.5 Summary of Annualized Costs

The annualized costs at 3.0% interest rate for this case are summarized in Table

4.84. The approximate costs to provide a MWT implementation to serve 109 students were

$40,53 1/year. The cost per student was estimated at $372/student,
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Cost Ingredients Amortization Cost Annualized Cost ($)
Period (years) ($) 2.0% 2.5% 3.0% 5.0% 10.0%

Mobile wireless devices 2 63,967 32,946 33,188 33,430 34,402 36.857
Wireless access points 3 2,895 1,004 1,014 1,023 1,063 1.164
Networking
infrastructure for
wireless nodes

10 10,000 1,113 1,143 1,172 1,295 1,627

Total 76,862 35,063 35,344 35,626 36,760 39,649



Table 4.84. Summary of annualized costs (PDAs with wireless capability, term loan
method).

Table 4.85 summarizes the estimates of each of the five cost categories, the

amortization period, the annualized costs at five different interest rates, total cost per year and

cost per student of this case.

Table 4.85. Estimates of each of the five cost categories, amortization period, annualized
costs at five different interest rate, total cost per year and cost per student
(PDAs with wireless capability, term loan method).
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Cost Ingredients Cost ($)

Personnel 2,630

Facilities 26

Equipment and materials 35,626

Other inputs 2,250

Client inputs -

Total 40,531

Ingredients (by
Cost Categories)

Amortization
Period
(years)

Cost
Annualized Cost

2.0% 2.5% 3.0% 5.0% 10.0%

Personnel

AdministTator N/A 880.00 880.00 880.00 880.00 880.00 880.00
hstructor N/A 1,750.00 1,750.00 1,750.00 1,750.00 1,750.00 1,750.00

Facilities
Installation labor 10 220.00 24.49 25.14 25.79 28.49 35.80

Equipment and
materials

Mobile wireless
devices 2 63,967.00 32,946.17 33,187.82 33,429.85 34,401.76 36,857.18
Wireless access
points 3 2.89500 1,003.85 1,013.65 1,023.47 1,063.07 1,164.12
Others 10 10,000.00 1,113.27 1,142.59 1,172.31 1,295.05 1,627.45

Other inputs
Maintenance N/A 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00

Totalcostperyear N/A 81,962.00 39,967.78 40,249.19 40,531.41 41,668.37 44,564.56
Costperstudent NJA 366.68 369.26 371.85 382.28 408.85



4.6.1.3 Laptops without Wireless Capabilily (Student Check outfin Method)

Beginning in the 2004 academic year, ENGR 112 was offered only in the Winter

term. The cost data were collected from ENGR 112 in the Winter 2004 teitii, with 137

enrolled students. In this alternative, there were only 50 laptops available for the in class use,

so groups of 2-3 students shared laptops in the classroom. Some students brought their own

laptops for in class usage. Wireless capability was not available in this teiiii.

4.6.1.3.1 Personnel

In this case, personnel costs included the instructor and student labor. The instructor

estimated that approximately 3% of instructional preparation was devoted to tasks associated

with integrating Japtops into the classroom. The instructor's base salary was $70,000 a year.

Therefore, the instructor cost was estimated at $2,100. The student workers were responsible

for distributing the laptops and for helping with transporting, storing and charging them. One

student worked on these activities five hours/week, 10 weeks a year (one term) at a rate of

$10/hour. The student labor cost was estimated at $500. The total annual personnel cost was

$2,600 (see Table 4.86).

Table 4.86. Estimates of annual personnel costs (Laptops without wireless capability,
student check out/in method).
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4.6.1.3.2 Facilities

In this case, these costs included the space and storage areas. Space and storage area

costs were estimated in terms of opportunity cost. OSU Business Services was consulted to

Cost Ingredients Annual Cost ($)

Instructor 2,100

Student labor 500

Total 2,600
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determine that the space and storage area opportunity rate was $1 .25/square foot/month

(based on the market rate of administrative space in the local region). The current space was

10x15 square feet, so the market cost of this space was estimated at $187.50/month or

approximately $2,250 a year. This cost was considered as a fixed cost for a period of one

year.

4.6.1.3.3 Equipment and Materials

In this case, equipment and material costs included mobile wireless devices (laptops)

used as loaners and laptop storage carts. Three types of laptops were used; Compaq Evo

N620c, HP Omnibook 6000 and Dell Latitude D600 (details can be seen in Chapter 1).

Laptops were also equipped with wireless network cards. The 50 laptops were estimated to

cost approximately $42,400. Each laptop was estimated to have a life of 3 years. Two laptop

storage carts were $3,400 ($1,700 each) with a life of 10 years. Each cart stored about 25

laptops. Laptops in the carts could all be charged at the same time. The total equipment and

materials costs were estimated to be $45,800. Using a 3.0% interest rate, the annualized cost

of equipment and materials was approximately $15,389. The estimates of equipment and

materials costs, the amortization period and the annualized costs at five different interest rates

are shown in Table 4.87. These costs were considered as fixed costs for a period of one year.

Table 4.87. Estimates of equipment and materials costs (Laptops without wireless
capability, student check outlin method).

Cost Ingredients Amortization Cost Annualized Cost ($)
Period (years) ($) 2.0% 2.5% 3.0% 5.0% 10.0%

Mobile wireless
devices 3 42,400 14,702 14,846 14.990 15,570 17,050

Others (laptop storage
carts) 10 3,400 379 388 399 440 553

Total 45,800 15,081 15,234 15,389 16,010 17,603



4.6.1.3.4 Other Inputs

In this case, two other input costs were identified. The administrator devoted four

hours at a rate of $22/hour to train the student responsible for distributing the laptops and for

helping with transporting, storing and charging them. Therefore, the total training cost was

$88. There were also costs of two warranty repair incidents for two hours at a rate of

$22/hour. The total costs of warranty repair incidents were $44. These costs were estimated

to occur annually. The estimates of annual other inputs costs are shown in Table 4.88.

Table 4.88. Estimates of other inputs costs (Laptops without wireless capability, student
check outlin method).

4.6.1.3.5 Clients Inputs

In this case, there was only one type of client costs: mobile wireless devices (laptops).

About 10 students brought their own laptops for in-class usage. Each of them purchased a

laptop at a cost of approximately $1,300 with a life of 3 years. Therefore, the total laptop cost

for clients was $13,000. At 3.0% interest rate, the annualized cost of client inputs is

approximately $4,596. The estimates of client costs, the amortization period, and the

annualized costs at five different interest rates are shown in Table 4.89.
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Cost Ingredients Annualized Cost ($)

Training 88

Warranty repair incidents 44

Total 132



4.6.1.3.6 Summary of Annualized Costs

The annualized costs at 3.0% interest rate for the MWT implementation are

summarized in Table 4.90. The approximate costs to provide a MWT implementation to serve

137 students were $24,967/year. The cost per student was estimated at $182 /student.

Table 4.90. Summary of annualized costs (Laptops without wireless capability, student
check out/in method).

Table 4.89. Estimates of client inputs costs (Laptops without wireless capability, student
check out/in method).
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Table 4.91 summarizes the estimates of each of the five cost categories, the

amortization period, the annualized costs at five different interest rates, total cost per year and

cost per student.

Cost Ingredients Amortization
Period (years) Cost ($)

Annualized Cost ($)

2.0% 2.5% 3.0% 5.0% 10.0%

Mobile wireless
devices 3 13,000 4,508 4,552 4,596 4,774 5,227

Total 13,000 4,508 4,552 4,596 4,774 5,227

Cost Ingrediens$1
Personnel 2,600

Facilities 2,250

Equipment and materials 15,389

Other inputs 132

Client inputs 4.596

Total 24,967



Table 4.91. Estimates of each of the five cost categories, amortization period, annualized
costs at five different interest rate, total cost per year and cost per student
(Laptops without wireless capability, student checks outlin method).

4.6.1.4 Laptops with Wireless Capability (Student Owns Laptop Method)

The cost data were collected from ENGR 112 in the winter 2005 term, with 85

enrolled students. All students were required by the COE to have their own laptops with

wireless capability for in-class usage. Wireless access was available in 12 COE buildings:

Apperson Hall, Batchellor Hall, Covell Hall, Dearborn Hall, Gleeson Hall, Graf Hall,

Hoviand Hall, Merryfield Hall, Owen Hall, Rogers Hall, Radiation Center and Gilmore

(Kelley Engineering Center was just added in FaIl, 2005). Help desk service and network
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Ingredients (by
Cost Categories)

Amortization
Period
(years)

Cost
Annualized Cost

2.0% 2.5% 3.0% 5.0% 10.0%

Personnel

Instructor N/A 2,100.00 2,100.00 2,100.00 2,100.00 2,100.00 2,100.00
Others (student
labor)

N/A 500.00 500.00 500.00 500.00 500.00 500.00

Facilities
Space

N/A 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00 2,250.00

Equipment and
materials

Mobile wireless
devices 3 42,400.00 14,702.40 14,845.82 14,989.69 15,569.64 17,049.67
Others (Laptop
storage carts)

10 3,400.00 378.51 388.48 398.58 440.32 553.33

Other inputs

Training 88 88.00 88.00 88 00 88.00 88.00 88
Others N/A 44.00 44.00 44.00 44.00 44.00 44.00
(Warranty repair
incidents)

Client inputs
Mobile wireless
devices

3 13,000.00 4,507.81 4,551.78 4,595.89 4,773.71 5,227.49

Total cost per year N/A 63,782.00 24,570.72 24,768.08 24,966.17 25,765.67 27,812.49

Cost per student N/A 179.35 180.79 182.23 188.07 203.01
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security were provided. Some cost data were recorded based on the whole 12 COF buildings.

So the concepts of fixed and variable costs were applied.

4.6.1.41 Personnel

In the case of ENGR 112 with laptops and wireless capability, these costs included

the administrator, instructor, coordinator and student labor. The function of the administrative

personnel was to install and maintain the wireless network and infrastructure, as well as to

maintain the overall wireless system. This included scheduling and coordination of support

personnel as well as monitoring equipment functioning and equipment maintenance. By

consulting the network computer coordinator for the COE and network administrator for IME

it was learnt that, there were eight administrators who each devoted approximately six hours a

week to these functions. The administrator's base salary was 52,000 a year (30 weeks). Total

administrator cost was estimated at $20,800 for a year (for one term of 10 weeks). Eight

administrators worked on 12 buildings, so the administrator cost for only one building was

estimated at $1,733 a year. The ENGR 112 instructor estimated that approximately three

percent of the time was devoted to tasks associated with integrating MWT into the classroom.

The instructor's base salary was $70,000 a year. Therefore, the instructor cost was estimated

at $2,100. The coordinator was responsible for maintaining a "help desk" to assist students

with wireless problems. The coordinator cost was estimated at $1,500 a year or $500 for one

term. The students were responsible for staffing the help desk and perfoiiiiing various

administrative works. The student labor costs were estimated as: (1) one and a half students

worked for the helpdesk from 10 a.m.-3 p.m. (five hours) a day, five days a week, 10 weeks a

year at a rate of $8.25/hour, (2) one student worked on network administration five hours a

week, 10 weeks a year at a rate of $10/hour, and (3) one student worked on other tasks five

hours/month for 3 months at a rate of $8.25/hour. The student labor was estimated at
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$3,717.50 annually (for one term). The administrator, coordinator and student labor were

considered as variable costs with each changed in the quantity of the working hours, and

considered as fixed cost that did not change with a change in the quantity of the numbers of

classes served. Based on these amounts, the total personnel costs per year were estimated to

be $8,051. The summarized estimates for annual personnel costs are summarized in Table

4.92.

Table 4.92. Estimates of annual personnel costs (Laptops with wireless capability, student
owns laptop method).

4.6.1.4.2 Facilities

In this case, these costs included both space and storage areas, as well as renovation

costs that were made to accommodate the wireless infrastructure. In this case, wiring costs,

electrical work and the labor associated with these activities were included in the facilities

cost ingredient category. Spaces for the help desk and storage area costs were estimated in

terms of opportunity cost. Based on the same opportunity rate ($1.25/square foot/month) and

the same space (10x15 square feet), the market cost of this space was estimated

$1 87.50/month or approximately $2,250 a year. The renovation costs were estimated to be

approximately $96,000 for 12 buildings or approximately $8,000 for each building. The

renovation completed for this implementation was estimated to have a life of 10 years. The

renovation cost was considered as a variable cost varied by the numbers of buildings, but

Cost Ingredients Annual Cost ($)

Administrator 1,733

Instructor 2,100

Coordinator 500

Student labor 3,718

Total 8.051
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fixed for the period of one year. The annualized cost of facilities at 3.0% was approximately

$3,188. The estimates of facility costs, the amortization period and the annualized costs are

shown in Table 4.93.

Table 4.93. Estimates of facility costs (Laptops with wireless capability, student owns
laptop method).

4.6.1.4.3 Equipment and Materials

In this case, equipment and material costs included mobile wireless devices (laptops)

used as backups/loaners, wireless access points, hardware, and wireless cards for

backups/loaners. Three types of laptops were used; Compaq Evo N620c, HP Omriibook 6000

and Dell Latitude D600. Laptops were also equipped with wireless network cards. Laptops

were estimated to cost approximately $42,400. Each laptop was estimated to have a life of 3

years. There were 85 wireless access points installed costing $300 per point for 12 buildings,

with an estimated life of 3 years. The wireless access point costs were estimated at $25,500

total or approximately $2,125 for each building. Other hardware costs were estimated at

$23,200 total or $1,933 for each building with a life of 10 years. Wireless cards were

estimated at $300 with a life of 10 years. Firewall hardware was estimated at $14,000 total or

$1,167 a building with a life of 10 years. Two desktops for the help desk were required at

$1,500 each with a life of 3 years. Cable was estimated at $1,000 total or $83 for each

building with a life of 10 years. Two laptop storage carts were purchased at a cost of $3,400

Cost Ingredients Amortization
Period (years) Cost ($)

Annualized Cost ($)

2.0% 2.5% 3.0% 5.0% 10.0%

Space and storage areas - 2,250 2,250 2,250 2,250 2,250 2,250

Renovation cost 10 8,000 891 914 938 1,036 1,302

Total 10,250 3,141 3.164 3,188 3,286 3,552
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($1,700 each) with a life of 10 years. The total equipment and materials costs were estimated

to be $54,408. Using a 3.0% interest rate, the annualized cost of equipment and materials was

approximately $17,608. The estimates of equipment and materials costs, the amortization

period and the annualized costs at five different interest rates are shown in Table 4.94.

Table 4.94. Estimates of equipment and materials costs (Laptops with wireless capability,
student owns laptop method).

4.6.1.4.4 Other Inputs

In this case, only one other cost was identified. This was a maintenance cost,

estimated to be $12,000 total or approximately $1,000 for each building per year.

4.6.1.4.5 Client Inputs

In this case, there were two types of client costs: mobile wireless devices (laptops)

and the required software. Each of the 85 students purchased a laptop at a cost of

approximately $1,300 with a life of 3 years. Therefore, the total laptop cost for clients was

Cost Ingredients Amortization
Period Cost ($)

Annualized Cost ($)

2.0% 2.5% 3.0% 5.0% 10.0%
(years)

Mobile wireless
devices 3 42,400 14,702 14,846 14,990 15,570 17,050

Wireless access
points 3 2,125 737 744 751 780 854

Hardware costs 10 1,933 215 221 227 250 315
Wireless cards 10 300 33 34 35 39 49
Firewall
hard ware 10 1,167 130 133 137 151 190

Desktops 3 3,000 1,040 1.050 1,061 1,102 1,206
Cable 10 83 9 9 10 11 14

Others (laptop
storage carts) 10 3,400 379 388 399 0 553

Total 54,408 17,246 17,427 17,608 18,343 20,231
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$110,500. About 45 students had to purchase required software (some students purchased

required software with the laptop) at a cost of $65 with a life of 3 years. The required

software cost was $2,925. The total client inputs costs were estimated to be $1 13,425. At

3.0% interest rate, the annualized cost of client inputs is approximately $40,099. The

estimates of client costs, the amortization period, and the annualized costs at five different

interest rates are shown in Table 4.95.

Table 4.95. Estimates of client inputs costs (Laptops with wireless capability, student owns
laptop method).

4.6.1.4.6 Summary of Annualized Costs

The annualized costs at 3.0% interest rate for the MWT implementation are

summarized in Table 4.96, The approximate costs to provide a MWT implementation to

serve 85 students were $69,946/year. The cost per student was estimated at $823/student.

Table 4.96. Summary of annualized costs (Laptops with wireless capability, student owns
laptop method).

Cost Ingredients Amortization
Period Cost ($)

Annualized Cost ($)

2.0% 2.5% 30% 5.0% 10.0%
(years)

Mobile wireless
devices 3 110,500 38,316 38,690 39,065 40,577 44,434

Required
software 3 2,925 1,014 1,024 1,034 1,074 1,176

Total 113,425 39,331 39,714 40,099 41,651 45.610

Cost Ingredients Cost ($)

Personnel 8.051

Facilities 3,188

Equipment and materials 17,608

Other inputs 1.000

Client inputs 40,099

Total 69,946
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Table 4.97 summarizes the estimates of each of the five cost categories, the

amortization period, the annualized costs at five different interest rates, total cost per year and

cost per student. Table 4.98 summarizes the ingredients and the costs of the four different

MWT implementations.

Table 4.97. Estimates of each of the five cost categories, amortization period, annualized
costs at five different interest rate, total cost per year and costper student
(Laptops with wireless capability, student owns laptop method).

Ingredients (by
Cost Categories)

Amortization
Period
(years)

Cost
Annualized Cost

2.0% 2.5% 3.0% 5.0% 10.0%
Personnel

Administrator N/A 1,733.00 1,733.00 1,733.00 1,733.00 1,733.00 1,733.00
Instructor N/A 2,100.00 2,100.00 2,100.00 2,100.00 2,100.00 2,100.00
Coordinator NIA 500.00 500.00 500.00 500.00 500.00 500.00
Others (student
labor)

N/A 3,717.50 3,717.50 3,717.50 3,717.50 3,717.50 3,717.50

Facilities
Space N/A 2,250.00 2.250.00 2,250.00 2,250.00 2,250.00 2,250.00
Renovation cost 10 8,000.00 890.61 914.07 937.84 1036.04 1301.96

Equipment and
materials

Mobile wireless
devices 3 42,400.00 14,702.40 14,845.82 14,989.69 15,569.64 17,049.67

Wireless access
points 3 2,125.00 736.85 744.04 751.25 780.32 854.49
Hardware 10 1,933.00 215.19 220.86 226.61 250.33 314.59
Wireless cards 10 300.00 33.40 34.28 35.17 38.85 48.82
Firewall hardware 10 1,167.00 129.92 133.34 136.81 151.13 189.92
Desktops 3 3,000.00 1,040.26 1,050.41 1,060.59 1,101.63 1,206.34
Cable 10 83.00 9.24 9.48 9.73 10.75 13,51
Others
(networking
infrastructure for
wireless nodes)

10 3,400.00 378.51 388.48 398.58 440.32 553.33

Other inputs
Maintenance N/A 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00

Client inputs
Mobile wireless
devices 3 110,500.00 38,316.39 38,690.16 39,065.11 40,576.55 44,433.69
Required software
programs 3 2,925.00 1,014.26 1,024.15 1,034.08 1,074.09 1,176.19

Total cost per year N/A 187,133.50 68,767.54 69,355.59 69,945.95 72,330.14 78,443.02
Cost per student N/A 809.03 815.95 822.89 850.94 922.86



Table 4.98. Comparison of different alternative costs by ingredients category (annualized costs at 3.0% interest rate).

I dngi e ien
(by Cost Categories)

PDAs
Without Wireless Capability

(Student Check outlin Method)

PDAs
With Wireless Capability

(Term Loan Method)

Laptops
Without Wireless Capability

(Student Check outlin Method)

Laptops
With Wireless Capability

(Student Owns Laptop Method)
PersonneL

Administrator 880.00 1,733.00
Instructor 1,750.00 1,750,00 2,100.00 2,100.00
Coordinator 500.00
Others (student labor) 7,086.00 500.00 3,717.50

Facilities
Space 2,250.00 2,250.00
Renovation cost 25.79 937.84

Equipment and materials
Mobile wireless devices 33,429.85 33,429.85 14,989.69 14,989.69
Wireless access points 1,023.47 751.25
Hardware costs 226.61
Wireless cards 35.17
Firewall hardware 136.81
Desktops 1,060.59
Cable 973

.Others 1,172.31 398.58 398.58
Other inputs

Training 88.00
Maintenance 2,250.00 2,250.00 1,000.00
Others 44.00

Client inputs
Mobile wireless devices 4,595.89 39,065.11
Required software
programs 1 034 08

Number of Students 124 109 137 85

Total cost per year 44,515.85 40.53141 24,966.17 69,945.95

Cost per student 359.00 371.85 182.23 822.89



4.6.2 Cost-Effectiveness Study

A complete set of results for the three main outcomes were available only in ENGR

112 in Winter 2004 and Winter 2005. These two courses were also similar in many ways.

These two courses were held in the same term, but in different years. The same class material,

textbook, computer laboratory facilities, overall syllabus and a similar homework structure

were used in these two courses. Both courses were taught by the same instructor. The cost-

effectiveness analyses were then completed only for these two courses. The methodology for

a comparative evaluation of costs and the cost-effectiveness of MWT in classrooms were

based on Levin's (1983, 1984) approach. There were three steps for evaluating the cost-

effectiveness of a MWT deployment in higher education classrooms: (1) determining impact

and converting into effect size, (2) determining costs, and (3) calculating cost-effectiveness

ratio.

4.6.2.1 Determining Impact and Converting into Effect Size

As a first step, the impact of the MWT based on three key outcomes was deteiiuined.

Results were illustrated in the previous sections. The impact of three key outcomes -- impact

on student attitudes, impact on student learning outcomes and, contribution of MWT in

meeting course learning objectives from each application was converted into effect size.

Measuring of effect size is a technique used to assess the magnitude of the difference between

two groups (Ary, Jacobs & Razavieh, 2002; Cohen, 1988; Grissom & Kim, 2005). Effect

sizes are interpreted in the same way as the z-scores (Ary, Jacobs & Razavieh, 2002; Cohen,

1988). The effect size indices are different depending on the chosen statistics used. Non-

parametric estimation of standardized-difference effect sizes can be seen in Hedges and 01km

(1984), Kraemer (1984), and Kraemer and Andrews (1982).

224
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In this study, the effect sizes were measured to assess the magnitude of the difference

between the means of the three outcomes for the Winter term 2004 and the Winter term 2005.

Since the application in Winter 2005 represented supplements to existing application in year

2004, the effect sizes were evaluated in teiiiis of the additional effect expected for students in

year 2005 relative to effect in year 2004. Effect sizes were estimated in terms of effect gained

in standard deviation units.

The effect size index for the difference between means can be calculated by dividing

the difference between the two group means by the common standard deviation as described

in equation 4.1 (Cohen, 1988; Ott & Longnecker, 2001).

Effect size for a difference between means (d)
- X2

(4.1)
sp

sp = - 1)s + (122 - 1)s2

n1 + n, 2

where , x2 are means of group 1 and 2 respectively.

s is a weighted average of the sample variance and

and and s are variances of group 1 and 2

respectively.

The effect sizes on student attitudes could be calculated as the mean difference in the

change of attitudes (post-test - pre-test) between the Winter term 2005 and the Winter term

2004 divided by the common standard deviation (sr) (Ary, Jacobs & Razavieh, 2002; Cohen,

1988; Levin, Glass & Meister, 1984). The overall summary of the student attitudes outcomes

could be calculated as the average effect size. Table 4.99 shows the effect size for the mean

difference in the change of attitudes between the two terms. The effect size of -0.22 can be

interpreted as the alternative or experimental group mean (Winter term 2005) being about one
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fourth a common standard deviation below the baseline or control group mean (Winter term

2004). Cohen (1988) has proposed that the effect size of 0.20 is small, 0.50 is medium and

0.80 is large. Based on these criteria, the overall attitude effect size was small.

Table 4.99. Effect sizes for difference between means of change of attitudes for Winter
2004 and Winter 2005.

The effect size on student learning outcomes was similarly estimated as the average

homework score difference between the Winter term 2005 and the Winter term 2004 divided

by the common standard deviation (s = 10.05). The effect size between the Winter term 2004

and the Winter term 2005 for the impact on student learning outcomes is shown in Table

4.100. The effect size of 0.70 can be interpreted as the alternative or experimental group

mean (Winter term 2005) was about 0.70 of a common standard deviation above the baseline

or control group mean (Winter term 2004). Based on the guidelines proposed by Cohen

(1988), the effect sizes on student learning outcomes was medium-large.

Survey Scale Term n Mean SD s Effect Size
Overall

Effect Size
Confidence WinO4 31 0.08 0.38 0.41 -0.06 -0.22

WinO5 43 0.06 0.43
Anxiety WinO4 32 0.11 0.47 0.44 -0.29

WinOS 43 -0.01 0.41
Liking WinO4 32 0.08 0.47 0.44 -0.15

WinO5 42 0.01 0.42
Enthusiasm WinO4 32 0.11 0.55 0.48 -0.29

WinOS 43 -0.02 0.42
Usefulness in WinO4 32 0.11 040 0.42 -0.33
general WinO5 40 -0.04 0.44
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Table 4.100. Effect sizes for difference between means for Winter 2004 and Winter 2005
for the impact on student learning outcomes.

The effect sizes of contribution of MWT in meeting course learning objectives were

estimated similarly as the mean score difference between the Winter tejiii 2005 and the

Winter term 2004 divided by the common standard deviation (se). The overall summary of the

contribution of MWT in meeting course learning objectives was calculated as the average

effect size. The effect sizes between the Winter term 2004 and the Winter term 2005 for the

impact on contribution of MWT in meeting course learning objectives are shown in Table

4.101. The effect size of 0.69 can be interpreted as the alternative or experimental group

mean (Winter term 2005) was about 0.69 of a common standard deviation above the baseline

or control group mean (Winter term 2004). Based on the guidelines proposed by Cohen

(1988), the overall effect size of the contribution of MWT in meeting course learning

objectives was medium-large.

Term n Mean SD Effect Size

Homework grades

(Total percentage)

WinO4 137 79.96 10.60 0.70
WinO5 84 86.96 9.09
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Table 4.101. Effect sizes for the difference means between the Winter 2004 and the Winter
2005 for the impact on contribution of MWT in meeting course learning
objectives.

For alternative calculation of effect size, some researchers have proposed that effect

size is defined as "the degree to which the null hypothesis is false" or "the index of degree of

departure from the null hypothesis." The effect size is then set to zero when the null

hypothesis is true. The effect size equals some other specific nonzero number when the null

hypothesis is false (Cohen, 1988; Grissom & Kim, 2005i. In the contribution of MWT in

meeting course objectives, for example, the p-values for the test of differences were less than

0.05, except the course learning objective of "Ability to use computer tools to deteiiiiine

statistics such as mean, median, mode, and standard deviation." The null hypothesis of this

course learning objective was not rejected. Therefore the effect size of this course learning

objective could also be considered as zero. In the student attitudes outcome, since all the

Course Learning Objectives Term n Mean SD s Effect Size Overall
Effect Size

Ability to use engineering software to WinO4 68 3.74 0.77 0.72 0.48 0.69
solve applicable engineering problem.

WinO5 57 4.09 0.66
Knowledge of the basic capabilities of WinO4 68 3.81 0.83 0.73 0.67
Excel.

WinO5 57 4.30 0.60
Ability to use computer tools to
determine statistics such as mean,
median, mode, and standard deviation.

WinO4 68 3.97 0.96 0.85 0.34

WinO5 57 4.26 0.70

Ability to use computer tools to solve WinO4 68 3.71 0.79 0.71 0.73
basic time-value of money equations. WinO5 57 4.23 0.60
Knowledge of the basic capabilities of WinO4 67 3.72 0.83 0.75 0.72
Visual Basic.

WinO5 57 4.26 0.64
Ability to represent an engineering WinO4 68 3.38 0.86 0.78 1.00
problem with a flowchart.

WinOS 57 4.16 0.68
Ability to translate a flowchart into a WinO4 68 3.49 0.82 0.78 0.71
basic computer program. WinOS 57 4.05 0.74
Ability to develop a graphical user WinO4 67 3.52 0.91 0.82 0.90
interface using Visual Basic.

WinO5 57 4.26 0.70
Ability to use graphical tools such as
charts and graphs in solving
engineering problems.

WinO4 68 3.68 0.80 0.73 0.69

WinOS 57 4.18 0.63
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attitudes were not significantly different, the effect sizes could also be considered as zero. So

the overall effect size of the contribution of MWT in meeting course learning objective was

changed to 0.66.

4.6.2.2 Determining Costs

The Costs of various MWT configurations (e.g. hardware, software, support,

personnel, and infrastructure) were determined based on the ingredients approach as

described in the previous section. Since the application in Winter 2005 supplement existing

application in year 2004, the costs were evaluated in terms of the additional costs in year

2005 relative to costs in year 2004. The annual Cost per student for the Winter term 2004 was

$182 and the annual cost per student for the Winter term 2005 was $823. The additional

annual cost or the difference in annual cost between these two terms was $823-182 = $641.

4.6.2.3 Calculating Cost-Effectiveness Ratio

In the final step, cost-effectiveness ratios were computed from the cost and effect data.

The cost-effectiveness ratio is the cost per student per the size of effect (of each of the three

key outcomes) as described in Equation 4.2.

Cost-effectiveness
C

(4.2)

where C is the additional cost (from the baseline or control group) per

student per alternative.

x,Y,z are the overall effect size of impact on student attitudes, impact

on student learning outcomes, and contribution of MWT in

meeting course learning objectives, respectively.

X(orYorZ)
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There were three cost-effectiveness ratios (one for each measure of impact). The cost-

effectiveness ratio of each outcome is shown in Table 4.102.

Table 4.102. Cost-effectiveness ratio of each outcome for the comparison between ENGR
112, Winter 2004 and Winter 2005.

The cost-effectiveness ratio can be interpreted as the additional cost (from the baseline

or control group) to obtain one unit of the effect size for an outcome. For the impact on

student attitudes, it could take about $2,914 additionally to obtain 1 unit of effect size (in this

case, it was a negative effect), For the negative effect size, the higher the absolute value of the

cost-effectiveness ratio is, the better the alternative is. For the positive effect size, the smaller

the value of the cost-effectiveness ratio is, the better the alternative is. For example, it could

take about $916 additionally to obtain one unit of the student learning effect size, whereas it

could take about $929 additionally to obtain one unit of the contribution of MWT in meeting

course learning objectives.

In this research, only one alternative was available for the comparison with the

baseline. Therefore, comparisons between alternatives could not be made. Ideally, if there

were more than one alternative that could be used to compare with the baseline alternative,

the cost-effectiveness ratios could be used to compare different MWT's alternatives. For

example, if in the year 2006 the annual cost per student was reduced to $700, then the

additional annual cost from the baseline (year 2004) would be $700482 = $518. Assuming

that the effect sizes of the three outcomes was also changed, the cost-effectiveness ratios are

illustrated in Table 4.103. Based on these results, the year 2006 would be better than the year

Outcomes Effect Size Cost-Effectiveness
Ratio

Impact on Student Attitudes -0.22 2,913.64
Impact on Student Learning Outcomes 0.70 915.71
Contribution of MWT in Meeting
Course Learning Objectives 0.69 928.99



or wustrauon purpose only, not the actual data.

4.6.3 Cost-Utility Study

The cost-effectiveness analysis is useful for evaluating alternatives that have only few

objectives. For multiple measures, however, it can become difficult to have multiple cost

ratios for each alternative. It may turn out that one alternative is more effective when

assessing one outcome, but may not be the best alternative for a second outcome. For

example, as illustrated in the previous section, the year 2006 alternative may be a better
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2005 in tenns of the impact on student attitudes since more investment would be necessary to

obtain the same one unit of negative impact. The year 2006 would also be better option in

terms of the impact on contribution of MWT in meeting course learning objectives since less

investment would be necessary to obtain one unit of positive impact. However, the year 2005

would be a better option in terms of the impact on student learning outcomes since less

investment would be necessary to obtain one unit of positive impact. In conclusion, the year

2006 would be more cost-effective than the year 2005 in terms of the impact on student

attitudes and the impact on contribution of MWT in meeting course learning objectives.

However, the year 2006 would be less cost-effective than the year 2005 in teirits of the impact

on student learning outcomes.

Table 4.103. Cost-effectiveness ratio of each outcome for Winter 2005 and Winter 2006*.

Outcomes

Year 2005

Additional Cost $641
Year 2006*

Additional Cost $518

Effect
Size

Cost-Effectiveness
Ratio

Effect
Size

Cost-Effectiveness
Ratio

Impact on Student Attitudes -0.22 2,913.64 -0.10 5,180.00
Impact on Student Learning
Outcomes 0.70 915.71 0.40 1,295.00

Contribution of MWT in
Meeting Course Learning
Objectives

0.69 928.99 0.80 647.50
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choice with respect to impact on student attitudes and the impact on contribution of MWT in

meeting course learning objectives, whereas the year 2005 alternative may be a better choice

with respect to impact on student learning outcomes. Cost-utility analysis provides an

approach for prioritizing outcomes and for completing a single evaluation. In estimating cost-

utility, the approach proposed by Fletcher, Hawley and Piele (1990) was used. The cost-

utility is calculated as follow:

C
Cost-utility = (4.3)

(XXUx )+(Y><U )+(ZXU)

where C is the additional cost (from the baseline or control group) cost

per student per alternative.

X, Y, Z are the overall effect size of impact on student attitudes,

impact on student learning outcomes, and contribution

of MWT in meeting course learning objectives, respectively.

EJx, U1, Uz are the utility of X, Y, Z respectively

In this context, cost-utility could be interpreted as the additional cost from baseline or

control group to obtain one unit of combined outcome gain weighted by the utilities assigned

to three different outcomes. The equation (Xx (Ix) + (Yx Uy) + (Zx U) is also called overall

utility.

In this research, the utility Ux, Uy, U were assumed by changing importance weights

(utility values). However, in future research, a survey of key stakeholders could be

administered to determine the utility. Educational institutions have many stakeholders. In

education, a customer, for example, need not refer to only students or parents. Stakeholders

could be, for example, internal customers, i.e. students, faculty, administrators, as well as

external customers, such as the community, perspective employers, other universities,



233

accrediting agents, alumni, and donors. Key stakeholders as appropriate to the institution,

could then be asked to rate the importance of the outcomes.

Table 4.104 illustrates different cost-utility ratio for the comparison between ENGR

112, Winter term 2004 and Winter teiiii 2005 at different utilities of outcomes. If the utility

Ux, Uy, Uzwere assigned equally (Ux = Uy = U= 33.33), the overall utility was 0.39 and the

cost-utility ratio was 1,644 which meant it took about $1,644 additionally from the baseline

alternative to obtain one unit of combined outcome. For illustration purpose, based on the

assumed data of the year 2006 in the previous section and if the utility Ux, Uy, U were

assigned equally, the overall utility of the year 2006 was 0.37 and the cost-utility ratio of the

year 2006 was 1,413. The results indicated that the year 2006 was better than the year 2005 in

term of cost-utility when the utilities were assigned equally since it took less additional costs

from baseline year (2004) to obtain one unit of combined outcome.



Table 4.104. Cost-utility ratio for comparison between ENGR 112, Winter 2004 and
Winter 2005 at different utilities of outcomes.
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Utility of Outcome (in Percentage)

Overall
Utility

Cost
Utility

Impact on
Student

Attitudes

Ux

Impact on Student
Learning
Outcomes

UY

Contribution of MWT
in Meeting Course

Learning Objectives
Uz

10 10 80 0.60 1,068
20 10 70 051 1,259
30 10 60 0.42 1,533
40 10 50 0.33 1,960
50 10 40 0.24 2,716
60 10 30 0.15 4,421
70 10 20 0.05 11,870
80 10 10 -0.04 17,324
10 20 70 0.60 1,067
20 20 60 0.51 1,257
30 20 50 0.42 1,530
40 20 40 0.33 1,954
50 20 30 0.24 2,705
60 20 20 0.15 4,390
70 20 10 0.06 11,655
10 30 60 0.60 1,065
20 30 50 0.51 1,254
30 30 40 0.42 1,526

33.33 33.33 33.33 0.39 1,644
40 30 30 0.33 1,948
50 30 20 0.24 2,693
60 30 10 0.15 4,361
10 40 50 0.60 1,063
20 40 40 0.51 1,252
30 40 30 0.42 1,523
40 40 20 0.33 1,942
50 40 10 0.24 2,682
10 50 40 0.60 1,061
20 50 30 0.51 1,250
30 50 20 0.42 1,519
40 50 10 0.33 1,937
10 60 30 0.61 1,060
20 60 20 0.51 1,247
30 60 10 0.42 1,515
10 70 20 0.61 1,058
20 70 10 0.52 1,245
10 80 10 0.61 1,056



4.7 Research Validity and Reliability

This study used both quantitative and qualitative research methods to investigate the

research questions. This section discusses research validity and reliability for both types of

research methods. This section begins with a discussion of the research instrument validity

and the qualitative research validity. This is followed by a discussion of internal and external

validity. The section concludes with a discussion of reliability.

4.7.1 Research Instrument Validity

Validation is the process of collecting evidence to support the inferences researchers

make based on collected data and to confirm that they are appropriate, meaningful, and

useful. Validity, therefore, depends on the amount and type of evidence there is to support the

inteiretation researchers wish to make concerning data they have collected (Ary, Jacobs &

Razavieh, 2002; Fraenkel & Wallen, 1993). Obtaining evidence from many different sources

can result in increased validity (Fraenkel & Wallen, 1993). In this research, evidence from

many different sources was used to study each research question. A variety of data collection

tools were developed to assist in the collection of data from multiple sources.

Surveys were one of the important data resources in this research. To increase

validity, Fraenkel and Wallen (1993) recommend that researchers should use previously

developed instruments when possible. Such instruments are usually developed by experts

who possess the necessary skills. The scales developed by Doolen, Porter, and Hoag (2003) to

measure student attitudes toward both PDA's and the usage of PDA's in the classroom were

modified and used to collect data on student attitudes towards MWT and MWT usage in the

classrooms in this research. These survey scales were developed based on previous research

instruments and were pilot tested. Previous researchers have also studied both instructor and

student views on the integration of technology in educational settings. As a result, it was
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possible to modify and use questions from previously published surveys evaluating similar

constructs. Results from the pilot tests were also used to conduct a reliability analysis

summarized in Section 4.1.3.

4.7.2 Qualitative Research Validity (Credibility)

Validity or credibility of qualitative research focuses on how well the researcher

establishes confidence in the findings based on the research design, participants, and context

(Ary, Jacobs & Razavieh, 2002; Fraenkel & WalIen, 1993). In this study, a variety of data

collection methods were used to collect qualitative data (methods triangulation). Conclusions

were made based on data collected from a number of different instruments to enhanced

validity. Five techniques; (1) classroom observation, (2) student comments on pre-test and

post-test attitude surveys, (3) student opinion surveys, (4) student focus group discussion, and

(5) instructor opinion surveys and interviews, were used to collect qualitative data. Data were

also collected from different sources (data triangulation). Student opinions were obtained

from student surveys (response rates were included in section 4.1.1). Eight instructors were

interviewed and seven students attended the focus group. The number of pieces of evidence

and the number of sources were also reported.

Ary, Jacobs and Razavieh (2002) recommended that using many low-inference

descriptors such as verbatim or direct quotations enhance credibility by helping readers

experience the participants' world. Audiotapes were used for interviewing and the focus

group discussion to enable the use of low-inference descriptors. A detail description of the

setting was also provided to help the researcher communicate an understanding of the study's

context. At the end of the focus group discussion, the field notes taken by the researcher (as a

facilitator), the field notes taken by the other observer, and the tape recording transcription by

the other observer were shared and reviewed. The field notes of the instructor interviews
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taken by the researcher (as an interviewer) and the tape recording transcription by the other

observer were also shared and reviewed for accuracy and meaning, as well as to avoid

researcher bias. At least two out of three observers observed each class independently. At the

end of the data collection, observers also discussed and compared the collected data to

determine whether multiple observers agreed in the observations to enhanced validity

(investigator triangulation), as well as to avoid researcher bias.

Ary, Jacobs and Razavieh (2002) also recommended that "pattern matching strategy"

can be used to enhance validity. Pattern matching involves making predictions based on

theory and testing those predictions. Based on the literature review and the theory discussed

in Chapters 2 and 3 respectively, the researcher predicted a certain pattern of results and then

determined the degree to which the patterns found in the data matched the predicted pattern.

The discussions of the agreement or contrast of the findings compared to previous research

are included in Chapter 5.

4.7.3 Internal and External Validity/Transferability

This study was designed to provide credible answers to a set of research questions and

to provide answers that reflect reality. The level of creditability of a study is a result of both

the internal and external validity of the research design used. Internal validity refers to the

extent to which the independent variables, not other extraneous or confounding variables,

produced the observed effect (Fraenkel & Wallen, 1993; Muijs, 2004). For this research, all

data collection was focused on existing courses. It was not possible, as a result, to neither

randomly assign MWT devices to students nor randomly assign students from a common

population to experimental and comparison groups. As a result, it was necessary to use quasi-

experimental designs (Campbell & Stanley, 1969; Fraenkel & Wallen, 1993). Different types

of designs were used to study different research questions. Comparisons were made only on
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groups with similar demographics and characteristics. In addition, cross-course comparisons

were only made for different terms of the same course when extraneous or confounding

variables were minimal. For example, student homework grades were compared only for

ENGR 112 in Winter 2004 and Winter 2005 since these two courses were held in the same

term, but in different years. The same class material, textbook, computer laboratory facilities,

overall syllabus and a similar homework structure were used in these two courses. Both

courses were taught by the same instructor. Student demographics for the two courses were

quite similar The majority of students were male, younger than 23 years old, and white. No

significant differences in the means of high school GPA's, SAT math scores and SAT verbal

scores between students in the two years were found.

External validity refers to the extent to which research findings can be generalized to

other subjects, measures, treatments, procedures, and settings (Fraenkel & Wallen, i993;

Muijs, 2004). Often external validity refers to the ability of the researcher to extend findings

based on a sample to a population. To increase external validity, multiple replications are

required. In this study, a variety of courses were included in the study where possible. In

ENGR 112, some conclusions were drawn from multiple replications occurring in different

teiiiis. The findings were based on real classrooms with all the complexity of an educational

settings rather than an artificial setting, so it was more appropriate to generalize the results to

other real educational settings (Muijs, 2004). Generalizations were only made within

specified levels of confidence. By providing detailed descriptions of the setting, readers may

detennine how closely their situations match and if any findings can be transferred

(Cianfrani, 2002). Transferability of a set of findings to another context depends on the

similarity between the context of the study and other contexts (Ary, Jacobs & Razavieh,

2002).



4.7.4 Reliability/Dependability

Reliability is the extent to which an instrument is consistent in assessing what it is

measuring (Ary, Jacobs & Razavieh, 2002; Fraenkel & Wallen, 1993). The reliabilities of

the attitude scales were assessed using Cronbach' s alpha. The attitudes scale reliability

analysis was discussed in section 4.1.3. The reliabilities for all scales for all attitudes surveys

were acceptable.

Reliability of the classroom observation data which required observations by

observers was also considered. At least two Out of three trained observers independently

observed each class to avoid observer bias. Prior to the real observations, the observers were

trained and the observed behaviors were well defined to make sure that different observers

gave similar observations on the same behaviors Two classes were also observed for the

whole teiiii of 10 weeks to provide consistency over time.

Unlike quantitative research, qualitative studies expect variability because the context

of studies changes. Therefore, the consistency is looked at as the extent to which variation can

be explained which is referred to as dependability (Ary, Jacobs & Razavieh, 2002). A

complete presentation of procedures and results were provided to enable a reader to make a

judgment about the replicability of the research within the limits of the context. This research

was also conducted with different sets of students, different courses, and different time

periods. The conclusions were drawn based on these data to enhance the dependability. The

analysis of transcripts, fieldnotes, and audio recordings, as well as the triangulations as

discussed in previous section of qualitative research validity (credibility) in section 4.7.2 also

help to increase dependability.
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CHAPTER 5

DISCUSSION AND CONCLUSION

This research employed both quantitative and qualitative research methodologies to

explore the impact of MWT for higher education classroom usage. The methodology used in

this research was developed based on systems engineering concepts. This research also

developed a methodology to evaluate and compare the cost, cost-effectiveness and cost-utility

of different MWT configurations. This chapter begins with the summary of the designed

methodologies. The chapter is then followed with the research hypotheses developed in

Chapter 1 and the findings. A summary and discussion of key research findings are also

provided. The impact of MWT use in higher education classroom for various stakeholders is

then presented. The chapter concludes with a discussion of the limitations of the research as

well as an agenda for future research.

5.1 Designed Methodologies

The primary purpose of this research was to develop a methodology to evaluate the

impact of MWT for higher education classroom usage and also to develop a methodology to

evaluate and compare the cost, cost-effectiveness and cost-utility of different MWT

configurations using engineering concepts in conjunction with educational evaluation

methodologies. The designed methodology can be used by instructors or school decision

makers to evaluate the impact of MWT for classroom usage from a systems perspective

where the instructional processes are viewed as a set of interrelated components. Two

primary contributions were developed: (1) a systems engineering based method for evaluating

the impact of MWT in higher education classrooms, and (2) a methodology for evaluating

and comparing the cost, cost-effectiveness and cost-utility of different MWT configurations.
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5.1.1 Systems Engineering Based Method

Three steps of system engineering activities, formulation, analysis and interpretation

of the impact of the alternative (the use of MWT in higher education classroom) were used in

this research. This research evaluated the impact of MWT in the higher education classroom

by looking at the "teaching and learning processes in the classroom or instructional process"

from a "big picture" or systems perspective. From a systems perspective, instructional

processes can be considered within an educational system as being responsible for producing

educated graduates (Sage & Armstrong, 2000). Figure 5.1 illustrates the steps and examples

of the systems engineering tools/techniques used to evaluate the impact of MWT in the higher

education classroom.

Figure 5.1. Steps and examples of systems engineering tools/techniques used for
evaluating the impact of MWT in higher education classrooms.
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There are two sub-steps in the first stage of formulation: (1) problem definition and

(2) value system design. The problem definition stage identifies a set of needs and constraints

Steps Examples of Supporting
Tools/Techniques

Formulation

Problem Definition IDEF0

Objectives Hierarchies
or Trees and QFD

.4,

Value System Design

Engineering Economics
Analysis Analysis,

Statistical Techniques,
Educational Evaluation'I'

Interpretation Methodologies,
Qualitative Method
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associated with the formulation. The value system design involves the identification of a set

of objectives and objectives measures (Sage & Armstrong, 2000). In this study, IDEF0 was

used to provide a mechanism for instructional process analysis. An IDEF0 model was created

to visually represent the complex relationships associated with both teaching and learning in

the classroom. The inputs, functions, controls, mechanisms and outputs of the instructional

processes were defined. The system constraints and variables were also identified. The set of

objectives of the instructional processes were then identified. Kaufman (1972) defined the

"education process" as a process for providing learners with (at least minimal) skills,

knowledge, and attitudes so that they may live and produce in the society when they legally

exit from educational agencies. Consistent with this definition, the objective of the

instructional process was defined as providing students with observable changes in skills,

knowledge and attitudes. Additionally, the specific objectives for the use of MWT in the

classroom were defined based on the objectives of the OSU, COE wireless laptop initiative as

stated by the current Dean (Adams, n.d.). (See Appendix D). As a result, the measured

attributes were specified as the use of IVIWT as a "supplement" to existing instruction, rather

than a "replacement" for existing instruction. The impact was measured in terms of change in

(1) student attitudes towards MWT and the usage of MWT in classroom, (2) student learning

outcomes, (3) teaching and learning processes, and (4) the contribution of MWT to meeting

learning objectives.

In the second stage, analysis to deteitnine the impact of various MWT alternatives

was completed. Four specific impacts were determined based on the measured attributes of

the use of MWT as described in the previous stage. In addition, a study to investigate the

impact of previous experiences with mobile technology was conducted. A variety of methods

such as statistical analysis, qualitative techniques, and educational evaluation methodologies
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were used to determine the impact. Results of this stage are summarized in section 5.2 and

5.3.

The third stage, interpretation of the impact involves evaluating and interpreting the

extent to which the use of MWT achieved the set objectives. The impacts were evaluated and

interpreted from the perspectives of multiple stakeholders (i.e. decision makers, instructors,

and students). Results of this stage are summarized in section 5.4.

Due to the fact that a single setting was used for the entire study, other institutions

may not be able to directly apply the findings of this study to make decisions for their own

setting. However, other institutions may use the process developed to guide them in assessing

their decisions to invest in MWT and to assist them in determining which MWT is the most

appropriate for their organizational objectives. Detailed descriptions of the setting have been

provided so that readers may determine how closely their situations match and if any findings

can be transferred.

5.1.2 Cost, Cost-Effectiveness and Cost-Utility Methodology

The methodology for a comparative evaluation of costs and the cost-effectiveness of

MWT in classrooms were based on Levin's (1983, 1984) approach. There were three steps

for evaluating the cost-effectiveness of a MWT deployment in higher education classrooms.

As a first step, the impact of the MWT based on three key quantitative outcomes was

determined. The impact of three key outcomes -- impact on student attitudes, impact on

student learning outcomes and, contribution of MWT in meeting course learning objectives

from each application was then converted into an effect size. Second, the costs of various

MWT configurations (e.g. hardware, software, support, personnel, and infrastructure) were

determined based on the ingredients approach. In the final step, cost-effectiveness ratios were
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computed, where the cost-effectiveness ratio is the annual cost of the alternative per student

by the size of effect (of each of the three key outcomes).

Cost-effectiveness analysis is useful for evaluating alternatives that have only a few

objectives. For multiple measures, however, it can become difficult to have multiple cost

ratios for each alternative. Cost-utility analysis provides an approach for utilizing these

prioritizations into a complete evaluation. In estimating cost-utility, the approach proposed by

Fletcher, Hawley and Piele (1990) was used to guide this aspect of the analysis.

5.2 Research Hypotheses and Findings

The research hypotheses tested in this study and the findings are summarized in Table

5.1. The first four hypotheses address the impact of MWT implementation on student

attitudes towards MWT and the usage of MWT, student learning outcomes, teaching and

learning processes and interactions between instructors and students, and interactions between

students, as well as student and instructor perceptions of MWT contribution towards meeting

learning objectives. The next two hypotheses address the relationships between previous

experience with mobile technology on student attitudes and learning outcomes.

Based on the results shown in Table 5.1, an overall interpretation of the impact of

MWT on each course can be developed. For example, in ENGR 112, in Spring term 2002 and

Winter term 2003, the use of MWT impacted students attitudes both positively and

negatively. However, no shifts in student attitudes were found in the Spring term 2003,

Winter term 2004, and Winter term 2005. One of the reasons for this was that students tended

to be more familiar with technology used in these terms. Although no changes in student

attitudes were found for the last three terms, changes in other measures were found. The

frequent and individual use of MWT with wireless capability inside and outside classroom

was positively related to student learning outcomes as measured by student performance on
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homework. Instructors also indicated that the use of MWT in the classroom positively

impacted student learning abilities as defined in ABET 2004-2005 general criteria for

accrediting engineering programs. The teaching and learning processes, interactions between

the instructor and students, and interactions between students were also impacted both

positively and negatively by the use of MWT. The use of MWT positively impacted course

learning objective achievement and student overall learning as evaluated by students and

instructors, particularly for those course learning objectives where the M\VT was necessary.

Previous experience was not always found to impact student attitudes. The variation in

findings highlights the important of multiple outcome evaluation.



Table 5.1. Summary of research hypotheses and findings.

(1) +" indicates positive and significant differences; "0" indicates that no signif cant diffei ences were found; "-" indicates negative and significant differences; empty cells indicatethat
no studies were completed. (2) * Scale internal reliability less than 0.65

Research Hypotheses

ENGR 112 1E411 PH202 CHE 101 CHE 102 ST314 CE 102

Winter
2002

Spring
2002

Winter
2003

Spring
2003

Winter
2004

Winter
2005

Winter
2004

Winter
2004

Fall
2004

Winter
2005

Spring
2005

Spring
2005

Hypothesis 1: The introduction of MWT in the
classroom does not affect student attitudes
towards MWT or student attitudes towards
MWT usage.

Confidence + 0 0 0 0 0 0* + + 0 0
Anxiety + 0 0 0 0 0 0 0 0 0 0
Liking 0 0 0 0 0 - 0 0 0 0

Enthusiasm 0 - 0 0 0 - 0 0 0 0 -

Usefulness in general 0* - 0 0 0 0 0* 0 0 0 -

Hypothesis 2: The introduction of MWT in the
classroom does not affect student learning
outcomes.

+

Hypothesis 3: The introduction of MWT in the
classroom does not affect teaching and learning
processes or interactions between the instructor
and students, or interactions between students.

+, -
Qualitative data collected from all courses indicated that teaching and learning processes, interactions between the instructor

and students, and interactions between students were impacted both positively wzd negatively by the use of MWT.

Hypothesis 4: The introduction of MWT in the
classroom does not affect course learning
objective achievement.

+ +, - + + + +

Ilypothesis 5a: Previous experience with
mobile technology does not affect student
attitudes towards MWT and the usage of MWT.

Confidence + 0 +* + 0 0 +

Anxiety 1- 0 0 + 0 0 +

Liking 0 0 0 0 0 0 +

Enthusiasm 0 0 0 0 0 0 0

Usefulness in general 0 0 0* 0 0 0 0
Hypothesis 5b: Previous experience with
mobile technology does not affect student
learning outcomes.

0



5.3 Summary of Research Findings and Discussion

This section discusses and summarizes the findings of this research for each of the

five specific impacts: (1) student attitudes towards MWT and the usage of MWT, (2) student

learning outcomes, (3) teaching and learning processes, (4) contribution of MWT to meeting

learning objectives, and (5) effects of previous experiences with mobile technology on

student attitudes and learning outcomes. Table 5.2 summarizes the significant findings of

each study. The five studies represent different ways of evaluating the impact of the use of

MWT. The differences in the observed results highlight the value of a methodology that

incorporates multiple outcomes. A detailed discussion of the findings for each of the specific

areas follows. It is also important to emphasize that, in this study, quantitative data such as

homework assignment scores and surveys provided empirical results, but qualitative data

provided context for interpreting these empirical results.
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Table 5.2. Summary of research findings for each area.
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Areas Findings
Student attitudes
towards MWT and
the usage of M1WT.

- Different findings were found between the two main applications of MWT at OSU: (1)
classrooms where MWT was used on a regular basis for programming applications, and
(2) classrooms where MWT was used for special applications.

- In classrooms where MWT was used on a regular basis for programming applications, in
some cases the use of MWT was found to have no impact on student attitudes towards
MWT and student attitudes towards MWT usage. In some cases, the use of MWT was
found to increase student confidence and decrease student anxiety. However, results also
showed that in some cases, the use of MWT was found to decrease student liking,
enthusiasm and student views of the general usefulness of MWT.

- In classrooms where MWT was used on a regular basis for programming applications,
the robustness of the supporting infrastructure (e.g. wireless network) played an
important role in positively or negatively influencing student attitudes such as liking,
enthusiasm and student views of the general usefulness of MWT.

- In classrooms where MWT was used on a regular basis for programming applications,
the device type played an important role in influencing changes in student attitudes.

- In classrooms where MWT was used for special applications, in some cases the use of
MWT was found to have no impact on student attitudes towards MWT and student
attitudes towards MWT usage. In some cases, the use of MWT was found to increase
student confidence. However, in some cases the use of MWT was found to decrease
student liking. In these cases, device costs as well as assigning grades were found to
have an influence on student attitudes.

Student learning
outcomes.

- The frequent and individual use of the MWT with wireless capability inside and outside
classroom was positively related to student learning outcomes as measured by student
performance on homework.

- Instructors indicated that the use of MWT in the classroom positively impacted student
learning abilities as defined in ABET 2004-2005 general criteria for accrediting
engineering programs. In particular, the use of MWT contributed the most in student
abilities "to design and conduct experiments, as well as to analyze and interpret data"
and in student abilities "to use the techniques, skills, and modern engineering tools
necessary for engineering practice." -

Teaching and
learning processes.

- Teaching and learning processes, interactions between the instructor and students, and
interactions between students were impacted both positively and negatively by the use of
MWT.

Contribution of
MWT to meeting
learning objectives,

- The use of MWT positively impacted course learning objective achievement and student
overall learning as evaluated by students and instructor, particularly for those course
learning objectives where the MWT was necessary.

- The robustness of the supporting infrastructure (e.g. wireless network) played an
important role in positively or negatively influencing student perceptions of the
contribution of MWT to course learning objective achievement.

- In addition, the frequent and individual use of T both inside and outside the
classrooms with wireless capability also appeared to have a positive impact on student
perceptions of course learning objective achievement and overall learning.

Impact of previous
MWT experience,

- In some cases, no significant differences were found in student attitudes towards MWT
and the usage of MWT between students with and students without pervious experience
with mobile technology. However, in some cases, students with previous experiences
with mobile technology were found to be more confident, less anxious and have higher
scores on the liking scale than students without previous experience.

- No differences were found in student learning outcomes, as measured by student
performance on homework, between students with and students without previous MWT
experience.



5.3.1 Student Attitudes towards MWT and the Usage of MWT

Attitude scales were used to evaluate the impact of the use of MWT in classrooms on

student attitudes and qualitative methods such as student opinion surveys and focus group

discussion were used to gain deeper understanding those results. Results of this analysis

indicated that different findings were found in the two different types of MWT

implementations that were used at OSU: (1) classrooms where MWT was used on a regular

basis for programming applications, and (2) classrooms where MWT was used for special

applications. More detail discussions of these results are provided in the next two sections.

The first discussion focuses on those cases where MWT was used in lectures and was used on

a regular basis for programming applications. The second discussion focuses on those cases

where MWT was used in lectures or laboratory sections for a special purpose.

5.3.1.1 Student Attitudes in Classrooms where MWT was Used on a Regular Basis for
Programming Applications

In these classrooms, MWT was used in lectures and was used on a regular basis,

particularly for programming applications. MWT devices such as laptops were used as

learning tools or resources (e.g. Internet research, spreadsheet, special programming such as

Visual Basic). MWT devices such as PDAs and laptops were used for "drill and practice"

after the concepts were presented. MWT devices were used for in-class exercises, group

activities and to allow students to complete examples simultaneously with the instructors.

In these classrooms, in some cases, the use of MWT was found to have no impact on

student attitudes towards MWT and student attitudes towards MWT usage. In some cases, the

use of MWT was found to increase student confidence and decrease student anxiety.

However, results also showed that in some cases, the use of MWT was found to decrease

student liking, enthusiasm and student views of the general usefulness of MWT. The
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robustness of the supporting infrastructure (e.g. wireless network) appeared to play an

important role in positively or negatively influencing student attitudes such as liking,

enthusiasm and student views of the general usefulness of MWT. This research has extended

the body of knowledge, by providing empirical evidence for impact of MWT integration on

student attitudes in higher education classrooms.

In the cases where the use of MWT was found to increase student confidence and

decrease student anxiety (i.e. ENGR 112 in Spring 2002 and CHE 102), these results are

consistent with the results of the previous studies. Cianfrani (2002) and Dinnocenti (2001)

indicated that in K- 12 level, participation in the laptop program and routine use of laptops

increased the level of student comfort and enjoyment in using technology. Students were

more motivated to learn when using laptops. Although the number of previous studies is

limited, the results of this research are consistent with results from related work, such as the

studies of student attitudes toward the use of the Internet in classrooms (Buckley, 2003;

Winsler & Manfra, 2002), and the study of changes in student attitudes and student computer

use in a computer-enriched environment (Mitra & Steffensmeier, 2000).

In the cases where the use of MWT was found to decrease student liking, enthusiasm,

and perceptions of the general usefulness of the MWT (i.e. ENGR 112 in Winter 2003, IE

411, and CE 102), the qualitative data from student surveys and focus group discussions were

used to provide context for interpreting these results. One reason for this negative impact on

student attitudes appears to be related to problems with wireless access. For example, in

ENGR 112 in Winter 2003, the wireless installation was a pilot installation. The wireless

system was installed locally for only this particular classroom and wireless access was not

available campus-wide. Given the nature of the installation, infrastructure such as helpdesks

and security systems were not in place. Students experienced many problems with the

robustness of the wireless system during this term. Students also had problems accessing and
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logging on to the system. Students were also logged off of the wireless system during class

periods. In IE 411, similar to the results seen in ENGR 112 in Winter 2003, the use of term

loaned laptops with wireless capability decreased student enthusiasm. In this course, students

complained about problems with a remote server. Students used a specific application through

connecting to a remote server. Students did not have access to this program on their laptops

without the remote, wireless-enabled access. When there were problems with the wireless

network, students could not use the program and this made it difficult for them to follow

along with the instructor. Since this course was a programming class, students depended on

the availability of the program. Similarly, in CE 102, students experienced problems logging

on to the wireless network. One of the three sections of this class was held in a small

classroom. The wireless capability installed in that particular classroom did not seem to be

adequate for the number of students logging on to the wireless network at the same time.

These issues resulted in decreased levels of student enthusiasm and a decreased perception of

the usefulness of MWT in general. Results found that the use of MWT devices may impact

student attitude by increasing student confidence and decreasing student anxiety, however,

the robustness of the supporting infrastructure, such as the wireless network appears to play

an important role in positively or negatively influencing student attitudes such as liking,

enthusiasm and student view of MWT usefulness. These findings are consistent with the

findings of a previous study by Kolar, Sabatini and Fink (2002) that when the technology was

used properly and when class time was not spent resolving technical problems, the laptop

students had a more positive learning experience. In Kolar, Sabatini and Fink (2002) study,

when technical problems arose during the laptop implementation, the average score of the

instructor/course evaluation as evaluated by students for the laptop section was lower (more

negative) than the non-laptop section. By contrast, when the technical issues were better
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developed, the average score of the course evaluation for the laptop section was higher (more

positive) than the non-laptop section.

Analyses to investigate if there were any differences in the change of attitudes (post-

test - pre-test) when the type of MWT devices was taken into account (PDA vs. Laptop)

indicated that the device type appears to play an important role in changing student attitudes.

In the case where wireless capability was unavailable and students checked out/in devices, the

use of special MWT devices such as PDAs was found to have more positive impact on the

change in student enthusiasm than more familiar devices such as laptops. However, the use of

more familiar devices was found to have more positive impact on the change on student

confidence. In contrast when wireless capability was available and devices were loaned to the

students for the duration of the term or students owned the laptops used, the change in student

liking and enthusiasm were positive and greater when more familiar devices such as laptops

were used than when special devices such as PDAs were used.

This study has extended the body of knowledge in three important ways. First, study

has shown that M\VT integration does impact student attitudes even in higher education, in a

technical field. Second, issues associated with technology have a significant impact on

student attitudes. Third, type of device, along with usage and technology infrastructure are

critical in student attitudes.

5.3.1.2 Student Attitudes in Classrooms where MWT was Used for SpecialApplications

In these classrooms, MWT devices were used for special application. In some cases

the use of MWT was found to have no impact on student attitudes towards MWT and student

attitudes towards MWT usage. In some cases, the use of MWT was found to increase student

confidence. However, in some cases the use of MWT was found to decrease student scores in
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liking scale. In those cases, MWT costs as well as the role of MWT in determining grades

were found to influence student attitudes.

In the ST 314 classroom, the use of MWT was found to have no impact on student

attitudes. In this course, three instructional lessons were developed and utilized MWT. Each

of these instructional lessons had different learning objectives. Students worked on laptops in

groups of 2-4 and spent 30 minutes answering questions for the particular instruction lesson.

Laptops were used only three times for the entire term. The majority of students (70%) felt

that the laptops were seldom used in the classroom. Since the laptops were seldom used in

this classroom, the lack of change in student attitudes is not unexpected.

In CHE 101, the use of MWT was found to increase student confidence. Laptops were

used only in the lab for CHE 101. Many students (about 45%) indicated that the laptops were

seldom used in the lab and 40% of students indicated that laptops were used in the lab about

half of the time. From the attitude surveys, the use of laptops in the lab for data collection

increased the level of student confidence in MWT even with moderate usage.

In PH 202, the use of MWT was found to decrease student liking. PRS units were

used in the classroom for students to respond privately to an instructor question or prompt on

regular basis. These responses were collected, and summarized results were displayed as a

histogram for the class to view. Results from the attitude surveys indicated that student liking

decreased from the beginning to the end of the term. Qualitative data from student surveys

indicated that students felt that PRS units did not enhance their learning and also took up

class time for set up and use. One of the reasons that students did not like the use of PRS units

in the classroom was that students were charged a technology fee for the use of PRS units.

Students felt that if the PRS unit was free of charge, it would be of some value. However,

when students were charged for the device, most of the students indicated that the value of the

device was not worth the cost. Since the PRS units are customized and designed for the
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special purpose of communicating with an instructor, the devices can oniy be used in this

manner and were not of value outside the classroom nor in other classrooms. Furthermore,

students felt that because the PRS units were used for answering prompts without any impact

on student grades, many students did not take device usage seriously. Results from this

research are inconsistent with the findings of previous study by Hudgins (2001). Hudgins

(2001) reported on the use of a handheld device specifically designed for high school-level

classroom testing. The device was designed with the sole purpose of testing and

communicating with the teacher. All other functions (e.g. sending answers to other students

and Internet access) were disabled. The author found that students were enthusiastic about

using the device to take quizzes, and they were studying harder for quizzes. The students

responded very well to the immediate feedback provided by the application and enjoyed

competing with each other as their scores improved each day. The difference in results of this

study may be due in part to the MWT costs, as well as the fact that PRS usage was not part of

the criteria used to assign grades in the implementation at OSU.

This study has extended the body of knowledge in two areas. First, these results

empirically validate that even moderate usage of MWT can impact student attitudes in a

higher education setting. Second, issues related to technology costs and device usage model

appear to be critical to overall impact of device on student attitudes.

5.3.2 Student Learning Outcomes

The results indicate that the frequent and individual use of MWT with wireless

capability inside and outside classroom was positively related to student learning outcomes as

measured by student performance on homework. Instructors also indicated that the use of

MWT in the classroom positively impacted student learning abilities as defined in ABET

2004-2005 general criteria for accrediting engineering programs. In particular, the use of
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MWT contributed the most in student abilities "to design and conduct experiments, as well as

to analyze and interpret data" and in student abilities "to use the techniques, skills, and

modem engineering tools necessary for engineering practice."

Homework assignment grades for students in ENGR 112 in Winter 2004 and Winter

2005 were compared to determine if there were any differences in student learning outcomes

between the two terms. Laptops were used in both Winter term 2004 and Winter term 2005.

However, wireless capability was available oniy in Winter term 2005. Students had to check

out the devices as they arrived and to check in the devices before they left the classroom in

Winter term 2004. Since there was a limited number of laptops available, groups of 2-3

students had to share laptops in the classroom in 2004. A few students also brought their own

laptops. In Winter term 2005, students were required to supply their own laptop. Furthermore,

from the student usage surveys, students used laptops in the classroom more often in Winter

term 2005 than in Winter term 2004. In Winter term 2004, the majority of the students felt

that they seldom used laptops in the classroom. In Winter teilu 2005, the majority of the

students felt that they always used laptops in the classroom. An analysis of high school

GPA's, SAT math scores and SAT verbal scores, as well as the student demographics

indicated that there were no significant differences between student populations in the two

years used for this study.

The total percentage scores for homework in Winter 2005 were significantly higher

than Winter 2004. These results indicated that the frequent and individual use of the MWT

with wireless capability inside the classrooms, as well as use outside classroom was

positively related to student learning outcomes as measured by student perfoiniance on

homework. The medium-large effect size of 0.70 for the difference between means of the

impact on student learning outcomes for Winter 2004 and Winter 2005 was found. These

findings are consistent with the results of previous studies indicating that the use of
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technology (e.g. web base learning, MWT, etc.) can improve student learning outcomes

(Carison, 2002; Cianfrani, 2002; Doolen, Porter & Hoag, 2003; Henson, Fridley & Pollock,

2002; Kolar, Sabatini & Fink, 2002; Kulik & Kulik, 1986; Lowther, Ross & Morrions, 2001;

Lyons, 2002; Siegile & Foster, 2001; Winsler & Manfra, 2002).

These results also highlight the significance of system components such as inputs,

controls, and mechanisms in the instructional processes in a MWT and non-MWT

classrooms. (See Figure 5.2). These results are consistent with the IDEF model developed and

validated the proposition that MWT availability, other materials, equipment, technology (both

hardware and software), institutional policies, and classroom policies are all very important in

a MWT classroom. The frequent and individual (MWT availability, as well as institutional

and classroom policies) use of the MWT with wireless capability (material, equipment,

technology) inside and outside classroom (MWT availability, as well as institutional and

classroom policies) were found to all positively impact student learning outcomes.

These results provide empirical support for the use of MWT as an enabler of learning

for engineering students in the traditional higher education classroom. These results are also

significant in that they highlight that technology integration must be supported by other

aspects of the educational system to improve student learning.



Figure 5.2.

5.3.3 Teaching and Learning Processes

Results from this study supported the hypotheses that teaching and learning processes,

interactions between the instructor and students, and interactions between students were

indeed impacted by the use of MWT. Five qualitative results relative to the impact on

teaching and learning processes, interactions between the instructor and students, and

interactions between students are discussed in the next sections. These five qualitative results

are related to: (1) instructional strategies, (2) student engagement and student activities, (3)

technology use, (4) assessment, and (5) interactions.

5.3.3.1 Instructional Strategies
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Comparison of the significance of inputs, controls, and mechanisms in
instructional processes in MWT and non-MWT classrooms. From "IDEF
functional modeling for instructional processes in mobile wireless technology
classrooms," by Chompu-inwai, R. & Doolen, 'F. L. (2004), Proceeding of the
34th International Conference on Computers & Industrial Engineering, San
Francisco, CA, p.65. Copyright © by the 34th International Conference on
Computers and Industrial Engineering. Reprinted with permission.

Results from this study indicate that in MWT classrooms, the instructor's role

changed from "presenter only" to that of "facilitator of learning." The planning for instruction

MWT
classroom

Non-MWT
classroom

Inputs
- Student with existing abilities, knowledge, attitudes,

and technology experiences
+ o

Controls
- MWT availability, usability, etc. +
- Curriculum 0 0
- Other requirements and regulations (e.g. ABET criteria, etc.) 0 o
- Institution policies (e.g. academic honesty, class length, class size, etc.) + 0
- Classroom policies (e.g. syllabus, learning objectives, curriculum, etc.) + 0
- Physical learning environment (e.g. building, classroom, etc.) - +
Mechanisms
- Instructor + +
- Students + 0
- Material, equipment, technology (both hardware and software) + 0

+ very important 0 = moderately important - = unimportant
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also changed. In addition to planning the materials for the lecture, the instructors also were

required to develop a class structure to accommodate the use of MWT, to plan and design

collaborative situations such as quizzes, questions or examples, to plan for device

distribution, collection and inventory, and to prepare themselves by becoming familiar with

the MWT being used. Instructors also worked collaboratively with network administrators to

ensure that the wireless system worked well and that certain applications would be available

for in-class use. Instructors were also required to plan back-up lessons for those times when

the MWT infrastructure would not support the planned activities. These findings are

consistent with the findings of the study by Dinnocenti (2001) where instructors expressed the

need to plan a back-up lesson plan for each class in case a system problem occurred. In some

cases, instructors also planned for different levels of student MWT experience by developing

and offering special help sessions for students on the MWT.

In a MWT classroom, the teaching pedagogy may be different from those used in a

more traditional course (Lowther, Ross & Morrison, 2001). As was validated in this research,

instructors must plan and design to provide students with a collaborative situation (e.g.

creating class activities and exercises), in addition to preparing other more traditional

materials for lectures. The instructor is no longer focused only on the presentation of

materials. The instructor must also become a facilitor of learning. From this study, it is clear

that the successful integration of MWT requires a substantial investment of time from the

instructors.

These findings are significant and should be carefully considered in an institution's

decision to use MWT in the classroom. Investment in the technology alone is not sufficient,

organizations must also support the technology investment by providing human resources to

develop necessary plans for integration of the technology into the classroom.



5.3.3.2 Student Engagement and Student Activities

Results indicate that with the use of MWT, students seemed to be more engaged in the

classroom. MWT encouraged students to be actively involved in the learning process. When

M1VT devices such as laptops or PDAs were used for class exercises, students could follow

along and were able to complete the examples simultaneously with the instructor. Students

were able to ask questions and get prompt feedback from the instructor. Many students also

used the laptops for note taking and found that the laptops helped them to be more organized.

PRS units helped students figure out whether they understood the class material correctly and

encouraged them to read the class material so that they could answer the questions correctly.

These findings are consistent with results of previous studies (Avanzato, 2001; Bauer &

Ulrich, 2002; Kolar, Sabatini & Fink, 2002; Lawrence, 2002; Lowther, Ross & Morrison,

2001). These findings also supported the proposed comparisons that the student roles are

changed in the MWT classroom. The student roles in the MWT classroom are not only to

absorb instructional presentations, but also to explore and participate in the learning

environment. This study has validated these previous findings for the higher education

classroom.

However, there were also students who chose to perform non-class related activities.

Students seemed to be more engaged and less distracted when involved in in-class exercises,

group work, or discussions than when the instructor was lecturing. One issue that was

identified was that the current classrooms did not accommodate the use of laptops, or group

activities very well. These findings highlight the importance of considering factors such as

classroom layout and underscore that if these factors are not adequately addressed, possible

gains in student learning may not be realized.
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5.3.3.3 Technology Use

MWT was used as a "teaching and learning tool" or "education tool" (Avers, 2004).

MWT was used by both the instructor and students in this research. Instructors used laptops

and projectors for class content delivery and presentation. Some instructors also had their

class-notes and course materials accessible on a course website. Instructors also used MWT

devices such as PRS units to get real-time feedback from students. This feedback allowed

instructors to modify the presentations according to students' needs. MWT devices, like

PDAs and laptops were also used to engage students during lectures. Students used MWT

devices as learning tools or resources, for in-class exercises and group activities, as well as

for note-taking. These findings are consistent with previous studies that students described

changes in taking class notes, conducting research, seeking assistance from websites, and

exchanging work products, as well as reported improved organization, more effective time

management practices, increased levels of engagement in teaching and learning processes,

and better access to information and research (Avanzato, 2001; Kinlaw, 2003; Lawrence,

2002). In addition, the use of laptops allowed instructors to integrate more complex examples

into lecture materials. The use of MWT in the classroom also provided the opportunity for

students to use preferred learning styles in a classroom where, traditionally, only one learning

style was supported (watching and doing or only watching or reading). These findings are

consistent with a previous study by Avers (2004) that found that one desirable consequence

of the use of technology in the classroom was the opportunity for students to use a preferred

learning style. Jarzab (2003) also supported that instructors identified the advantage of

laptops as presenting students with multiple approaches for learning the required material. In

the MWT classroom, the focus is shifted from lectures to an environment where both the
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instructor and the students participate in class activities. This study has validated these

previous findings for the higher education classroom and for multiple classes.

In contrast to these findings, this study also found that some students used MWT

devices for non-class related activities. The findings are also consistent with previous studies

(Avers, 2004; Carison, 2002; Hammond, 1994; Kinlaw, 2003). Some students in this study

also felt that the purpose of using MWT devices in the classroom was not clear and that they

were not informed of the purpose. These findings are consistent with the findings of a study

by Dinnocenti (2001), which found that the vision, goals and objectives for using laptops

were not clear to all students. These findings highlight the importance of the role of students

and the need for self-regulation in a MWT classroom. The use of MWT does not

automatically mean that students are learning. The use of MWT just provides a better

"opportunity for learning." MWT classrooms require that both instructors and students seek

ways to use the MWT to enhance learning.

5.3.3.4 Assessment

Some classes included in this study used online testing as one measure of student

performance. By using online testing, students received test results immediately after

completing their exams. Students could ask for clarification on incorrect answers without

waiting for their test to be graded. Technology related problems such as problems related to

logging on to the Internet on test day made some students anxious. This is consistent with the

finding of a study by Kinlaw (2003) where students expressed concerns about the technical

problems that occurred during test taking. In addition, in some cases, the instructor asked

students to use the PRS units to respond to instructor questions. In the other cases, after

presenting material on a topic by traditional lecture, the instructor asked students to use

laptops and work in groups to do online instructional lessons. During this time, the instructors
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(and TAs) walked around to see if students had any questions. MWT enabled instructors to

assess student understanding of concepts and increased the level of student participation.

These findings are consistent with previous study by Burnstein and Lederman (2001). These

authors reported that asking students questions and having students perform tasks with MWT

allows the instructor to determine student levels of attention, understanding, thinking, concept

recognition, as well as the level of pre-class preparation. These findings supported that

assertion that assessment in MWT classroom may differ from assessment in a traditional

classroom. The use of MWT allowed assessment processes to be more fully integrated

throughout the cuniculum. The use of MWT enabled the use of class activities, exercises,

group work, and projects to assess learning. These results are important to understanding how

MWT impacts classroom.

5.3.3.5 Interactions

The use of MWT for individual and group exercises promoted more interactions

between instructor and students, as well as between students in the classrooms studied. The

use of MWT devices changed the way students interacted with each other. In addition to

verbal communication, some students communicated with each other via instant messaging.

Students used instant messaging for both class content discussion, as well as non-class related

discussions.

The use of MWT such as PDAs and laptops for individual and group exercises

promoted more interactions between instructor and students, as well as between students.

While students were working on the in-class exercises, the instructor (and TAs) walked

around to help if students had questions or problems. Students also discussed other class

content as they worked on the exercise. Some instructors used MWT devices to get student

feedback. In addition to the personal interactions, instructors and students communicated via
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the Blackboard. Students submitted homework assignments on Blackboard and viewed the

feedback as well as the results from the instructor. The class summary for each homework

assignment or test was also posted on Blackboard. These finings are consistent with the

findings of the previous studies indicating that the usage of MWT and also other types of

technology, such as web-based tools, enhanced interactions (both instructor-student and

student-student interactions), participation, discussion, and collaborative learning (Bauer &

Ulrich, 2002; Dinnocenti, 2001; Landay, 1999; Lowther, Ross & Morrison, 2001; Winsler &

Manfra, 2002). These findings also confirmed the proposition that by using MWT, getting

feedback could happen both ways (from instructors to students and vice versa) and anytime

during the instructional processes, not only in the final class evaluation.

Outside of the classroom, students got together to do assignments anywhere that

wireless capability was available, independent of the physical computer lab. Laptops with

wireless capability also allowed students to work with other students when computers were

required in any location. As a result, students were less dependent on a particular physical

layout (i.e. computer lab). These findings supported the proposed model, which asserted that

the physical learning environment (e.g. building, classroom, computer lab, etc.) is crucial in

the non-MWT classroom. The MWT classroom can be anywhere; however, the non-MWT

classroom is more dependent on a particular physical layout. (See Figure 5.2).

These findings are in contrast to the findings of a study by Jarzab (2003). Jarzob

found that the laptop technology program was perceived by instructors as negatively affecting

communication and socialization among students inside and outside the classroom. Jarzob

found that a laptop technology program made learning in the classroom a more isolated

experience. The findings of this research are significantly different. Based on the results of

this study, regardless of the type of device or role of the MWT, interactions did change
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drastically. These findings also pointed out that MWT can extend the classroom beyond the

physical and lecture-based "classroom."

5.3.4 Contribution of MWT to Meeting Course Learning Objectives

The use of MWT positively impacted course learning objective achievement and

student overall learning as evaluated by students and instructors, particularly for those course

learning objectives where the MWT was necessary. The robustness of the supporting

infrastructure (e.g. wireless network) played an important role in positively or negatively

influencing student perceptions of course learning objective achievement. In addition, the

frequent and individual use of MWT both inside and outside the classrooms with wireless

capability also appeared to have a positive impact on student perceptions of course learning

objective achievement and overall learning. The findings of this study highlight the

importance of the role of instructors in developing a class structure to accommodate the use

of MWT for course learning objective achievement.

The results supported the proposed model in which MWT availability, other material,

equipment, technology (both hardware and software), institutional policies, and classroom

policies were all identified as very important factors in the MWT classroom. The frequent and

individual (MWT availability, as well as institutional and classroom policies) use of the

MWT with wireless capability (material, equipment, technology) inside and outside

classroom (MWT availability, as well as institutional and classroom policies) were found to

all positively impact student course learning objective achievement.

5.3.5 Impact of Previous Experience on Student Attitudes and Student Learning
Outcomes

The results of this study indicate previous experience does not always impact student

attitudes. Results from previous studies in related work (e.g. computer enriched classroom
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etc.) indicated that previous usage of computers was a significant factor on student attitudes

related to the usefulness of computers (Byrd & Koohang, 1989; Karsten & Roth, 1998; Loyd

& Gressard, 1984; Necessary & Parich, 1996). In this study, although significant differences

were found only in some attitude scales in some courses, the findings from this research

supported the proposed model and show that student inputs, when defined as students with

existing abilities, knowledge, attitudes, and technology experiences, are more important in a

MWT classroom than in the non-MWT classroom. Therefore, in the MWT environment, the

teaching pedagogy may be different from that of a traditionally taught course. Gillani (2003)

argues that in order to effectively design an e-learning environment classroom, student needs

and backgrounds have to be placed at the heart of the design. However, it is impossible to

personalize education for all students; e-leaming environment classroom design can be based

on a "common" group personality rather than purely individual personality (Gillani, 2003).

The instructor, as a facilitor of learning, needs to plan and design in-class (and/or outside)

activities to accommodate students with different levels of MWT experiences. There was one

suggestion in the student surveys from this research that a placement exam concept (similar to

math placement) could be used to help place students in classes appropriate to their computer

experience level. Tutorial classes for students without MWT background or experiences is

another option. In the meantime, students themselves must also plan not only on reviewing

prerequisites or class materials, but also on becoming familiar with the required MWT before

coming to class. These findings support the premise that in a MWT classroom, iii addition to

instructor planning, students must also plan. Besides reviewing prerequisites or class

materials, students must also become familiar with the required MWT before coming to class

and must also plan to bring the MWT devices to the classroom. It is clear that the successful

implementation of MWT requires a large investment of time and money from the instructors,

students, and decision makers. Instructors, students and decision makers must carefully
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consider whether or not the investment is justified by the potential gains that can be achieved

when MWT is introduced.

5.4 Interpretations of Impact of Use of MWT in Higher Education Classroom

The results of this study are significant to various stakeholders. Different stakeholders

have different concerns related to the impact of MWT enabled classrooms. The variety of

results found in this study, highlight the value of multiple outcome assessment. In this

section, the impact of MWT is considered from three perspectives -- first, students, second,

instructors, and third, decision makers.

5.4.1 Student

From the perspective of an individual student, the impact of MWT in the classroom

influences student attitudes, student learning outcomes, and course leaning objective

achievement. The findings of this study reveal that the use of MWT in the classroom both

directly and indirectly, as well as both negatively and positively impacted students.

Different MWT applications in the classroom produced different impacts on student

attitudes. The frequent and individual use of MWT both inside and outside the classrooms

with wireless capability appeared to have the most positive impact on student learning, as

well as course learning objective and overall learning achievement. In addition, students

without previous MWT experience were more likely to be less confident and more anxious at

the beginning of a MWT implementation.

The use of MWT in the classroom may also indirectly impact students. The use of

MWT in the classroom was found to change the teaching and learning processes, as well as

interactions in the classroom. Based on constructivist learning theory, learning occurs through

interactions, participation, discussion and collaborative learning, and students construct
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knowledge by working to solve realistic problems, usually in collaboration with others. With

the use of MWT devices, instructors created or provided classroom activities or exercises for

students to work on in teams or individually. The activities appeared to impact student

learning. Even though it is possible to get a collaborative learning environment in a non-

MWT classroom by other means, the MWT classroom by nature promotes and forces a

collaborative learning environment, even in a large classroom with hundreds of students.

The use of laptops with wireless capability also allowed students to work with other

students in locations outside of the physical classroom. In some cases the MWT access

enabled students to finish assignments and learn better by being on schedule. The use of

MWT devices both inside and outside the classroom allowed students to build their

knowledge and experiences and subsequently to construct new concepts. There was also

evidence that the use of MWT in the classroom can negatively impact student learning by

distracting students from class activities. Self-regulation becomes a significant issue. Still,

even with this negative impact, the advantages of using MWT in the classroom outweigh the

disadvantages from the student perspective.

5.4.2 Instructor

The instructor's perspective of the impact of MWT in the classroom is significant to

"classroom level" activities. Most instructors saw the benefits of the use of MWT in the

classroom on students. The use of MWT was also found to positively and negatively impact

the teaching and learning processes. To successfully integrate MWT into the classroom,

instructors must take into account those issues that impact the students such as the robustness

of the supporting infrastructure (e.g. wireless network), the different applications of MWT in

a particular classroom, MIWT costs, as well as the use of M\TT in assessment. Classroom

policies for the use of MWT (e.g. type of device, frequency of use, individual or group work,
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purposes of using MWT, etc.) must also be clearly thought through and consistent with the

overall course learning objectives. Classroom policies for the use of MWT must also

communicated with students.

The results of this study also highlight the role of the instructor in the design and

incorporation of MWT, as well as how students were motivated to use the MWT. Tiene and

Luft (2001) reported that without sufficient instructor expertise, hardware and software were

unlikely to have much impact on student performance. Cianfrani (2002) and Jarzab (2003)

also contended that instructors play an important role in the ultimate impact of technology on

student achievement. The findings of this research empirically validate these findings. These

findings are consistent with the non-MWT and MWT IDEF models used to guide the

research. It is clear that an instructor's role in the non-MWT classroom is more focused on

"performing instruction", whereas the instructor role in a MWT classroom must be more

focused on "planning for instruction." The instructor role in a MWT classroom is not only to

present materials, but also to construct a learning environment and facilitate learning.

Instructors should be cognizant of this change and may need to be trained or provided with

resources to adequately integrate MWT into the classroom.

5.4.3 Decision Maker

The perspective of the decision maker is focused at the "institutional level." The

methodologies developed for this study are applicable to other institutions of higher

education. It is important for decision makers to know if investments in technology will

significantly benefit students. The relative cost and the costeffectiveness of technology

investments have been virtually left to anecdotal data (Cianfrani, 2002). This research, on the

other hand, has provided an assessment methodology and a set of tools to enable decision
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makers to more fully evaluate the impact of MWT in terms of the cost, cost-effectiveness and

cost-utility.

The findings of this study also highlight the role of the instructor, as well as the role of

students in a MWT classroom. From this study, it is clear that instructors need support in

terms of time and training to adequately prepare themselves for the successful integration of

MWT into the classroom. These findings are consistent with the findings of the study by

Dinnocenti (2001) that instructors needed a variety of professional development experiences

to implement instruction for students who had laptops, as well as technical and administrative

support to utilize laptops in the classroom. Decision makers should also consider investing in

specially designed classroom spaces for the use of MWT. Student desks and chairs should

accommodate both individual and group work with MWT devices. From this study, poorly

designed classrooms or immature technology infrastructure can drastically alter the effects of

a MWT implementation.

5.5 Limitations

Due to the nature of the research design used for this study, there are some limitations,

which must be noted. The first limitation is associated with the issue of randomization. Since

actual courses in natural education settings were used, it was not possible to randomly assign

MWT devices to just some of the students in the same classroom or to randomly assign

students from a common population to experimental or comparison groups. As a result, quasi-

experimental designs were used. Although the findings of this research were based on the

quasi-experimental designs where random allocation was not possible, the findings were

based on real classrooms. In addition, the courses included in this research were also not

selected through a random process. The instructors of the courses volunteered to integrate

MWT into their classrooms. Therefore, instructors may have already had positive perceptions
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of the usefulness of the use of MWT in a classroom. However, from the instructor interviews,

some instructors indicated that the motivation to integrate MWT into their classrooms was not

because they anticipated benefits, but they felt obligated to use the laptops since students

were required to purchase them.

A second limitation is associated with the generalization of the research findings. The

data for this study were limited to a single institution -- OSU. All courses but two (ST 314

and PH 202) were offered out of the COE. The results cannot be generalized more broadly

than this research setting. Other institutions may not be able to directly apply the findings of

this study to make decisions for their own setting. However, by providing detailed

descriptions of the setting, readers may deteiiuine how closely their situations match and if

any findings can be transferred.

A third limitation is associated with the uncontrolled factors resulting from the non-

experimental design. It was not possible to control student use of MWT outside the

classroom. In some classes, although the MWT devices were provided only for classroom

use, students may have access to MWT devices outside the classroom. This uncontrolled

factor may impact student attitudes and learning and was not directly evaluated. In addition,

this research studied the impact of the use of MWT based on an "average" student from both

a demographics perspective and in teiins of learning style. Student characteristics such as

learning styles may affect student attitudes and academic achievement, but were not evaluated

in this study.

The final limitation is associated with the sample sizes. In the study of the impact of

previous mobile technology experience, the sample sizes of the students without experience

in some of the courses were small. Therefore, results of those cases should be interpreted with

caution.



5.6 Future Work

The results of this study provided information for making recommendations for future

research. First, the conclusions made as a result of this study were based on MWT

implementations in a single institution. Therefore, the conclusions of this research may not be

generalized to the entire sector of higher education institutions. Further research using

multiple replications, in conjunction with the findings and conclusions of this study, will

provide more broadly-applicable findings for higher education institutions.

Second, this research studied MWT investments based on an "average" student from

both a demographics perspective and in terms of learning styles. Further research could

extend this study by investigating if student characteristics such as learning styles affect

student attitudes and academic achievement.

Third, although the results indicated that there were no significant differences in

student learning outcomes between students with and students without previous experience

with mobile technology, further research to investigate if students with and without previous

MWT experiences spent the same amount of time and effort in completing the homework

assignments could also be conducted to further evaluate the impact of previous technology

experience.

Fourth, this study reveals that students and instructors believed that the advantages or

disadvantages of using MWT in the classroom depended on the nature of the class, how

students actually used the MWT in the classroom, as well as how the instructor designed and

incorporated MWT into a class. Further research to investigate if different teaching styles

affect the impact of the use of MWT in the classroom would also extend this research.

Finally, in the cost-utility analysis, in order to determine the utility, a survey of key

stakeholder could be administered. Key stakeholders such as students, school personnel and
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instructors could be asked to rate the importance of the three outcomes used in this study to

more fully evaluate the utility.

This research has studied and evaluated the implementation of MWT in multiple

courses in higher education, each with its own set of learning objectives and student

populations. The findings based on multiple outcomes show that the advantages of using

MWT in the classroom outweigh the disadvantages from both the student and instructor

perspectives. The findings of this study provided a unique and comprehensive evaluation of

the contribution of MWT in the higher education classroom, which are rarely discussed in the

literature. The methodology itself was also designed so that other educational institutions may

use it to evaluate MWT implementations in their own unique settings.
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APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINDINGS

Previous studies are summarized and categorized into four groups of applications (1) web-based course, (2) PDAs, (3) laptops, and (4)

computer-enriched environment, technology-enriched classroom and computer-based education.

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings.

Study Level Research Settmg Data CollectionResearch Questions d Analysis Findings

Web-based course
Buckley
(2003)

Higher
Educatio
n

- The study was a comparative evaluation of
the effectiveness of a traditional classroom,
web-enhanced, and web-based courses in
nutrition on student learning outcomes and
student perceptions of multiple course
details,

- Data collected on 58 undergraduate nursing
students in 3 semesters of the same class,
The number of subjects in each group was;
traditional lecture class (n=24), web-
enhanced class (n=23) and web-based class
(n=l 1).

- The syllabus, textbook, and content of the
exam questions were identical for all 3
groups. All 3 groups had equal access to the
course instructor during office hours.

- In traditional course, the exams were
administered in a paper-and-pencil format.
In both the Web-enhanced and Web-based
courses, the exams were administered
online in a classroom.

Were student learning
outcomes (as measured by
midterm, final examination
scores and course grades)
different in each group?

- Midterm and final examination
scores; course grades

- One way analysis of variance
with post hoc testing (Bonferri
or Dunnet C) comparison of
group differences was used.

No differences were found in student
learning outcomes.

Were perceptions of students
different in each group?

The student self-report surveys
consisted of 27 items which
measured student perceptions of
the instructor preparation,
instructor-student interaction,
testing, course objectives and
assignments, textbooks, and
strengths and weaknesses of the
course.

- Web-based course received the lowest
mean course evaluation scores, while
the web-enhanced format received
the highest rating.

- Student qualitative comments
revealed both positive and negative
aspects of online instruction.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINIMNGS(Coutinued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Henson,
Fridley &
Pollock
(2002)

Higher
Educatio
n

- The study was conducted to assess the use
of interactive Web-based instructional
modules to supplement the traditional
lecture in undergraduate engineering course.

- A total of 37 students were enrolled in the
course.

Did the use of the on-line
modules improve student
comprehension and
understanding of the course
material?

- Quizzes were implemented in
the course to assess the efficacy
of the on-line modules on
student comprehension and
understanding.

- The comparisons between the
students who made consistent
use of the modules and the
students who did not use the
modules were made by
performing ANOVA on the
mean scores.

- A series of on-line surveys was
places at the end of each on-line
module to solicit subjective
feedback on the module.

- The students who made consistent
use of the modules had a higher
understanding and comprehension of
the material than the students who did
not use the modules.

- The increase in student understanding
and comprehension could be
attributed directly to the usage of the
modules.

Winsler &
Manfra
(2002)

Higher
Educatio
n

- The study was conducted to assess the
extent to which web-based course tools
were effective in increasing student
learning, motivation, and technology use
and skill,

- Data collected on 114 undergraduates in 3
semesters of the same course with the same
instructor and syllabus used (no control
group --without technology),

- Web-based course tools provided
downloadable course materials (syllabus,
instructions for the course paper, guidelines
for the web-based assignment, final exam
study sheet), online discussions, online
student-generated study guides, online
grade checking mechanism, online practice
quizzes, as well as links to useful web
resource sites.

To what extent did students
actually use the web-based
course tools?

Records of the number of WebCT
hits/semester! student, the mean
number of posts by students and
the average total number of posts
to WebCT / course

Students used the course technology
extensively.

Did students see the web-
based course tools as being
useful for increasing
learning, motivation,
communication?

Survey of perceived usefulness of
the web-based course tools for
improving learning, motivation,
and communication

Most students perceived the web-based
tools to be quite useful for improving
student learning, student motivation
and course communication.

Were there pre-post course
gains in student self -reported
technology use, skill, and
attitude?

Pre and post course student self-
reported technology use, skill,
and anxiety/enjoyment

Statistically significant pre and post
changes were observed for student
technology use, skill, and enjoyment,
and a reduction in student computer
anxiety was also observed.

To what extent was the use
of web-based course tools
associated with student
performance in the course?

Pearson correlations between
student WebCT use in the course
and course performance (Exami,
final exam and final grade)

Use of the online tools was positively
associated with performance in the
course. Students who often used the
web-based course tools did better.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINIMNGS(Continued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

PDAs
Alford &
Ruocco
(2001)

Higher
education

- 44 junior and senior computer science
majors at the United States Military
Academy were issued PDAs.

- The study focused on how the cadets used
their PDAs. There was no formal plan to
encourage cadets to use their PDAs. Cadets
were free to experiment.

How the cadets used their
PDAs?

Gathering information from
cadets regarding PDA

- In addition to standard PDA uses
(scheduling, note taking, email,
address book, calculation, expense
accounting, games), cadets also used
PDAs for sharing of information,
lesson preparation, programming and
senior design projects.

Doolen,
Porter &
Hoag (2003)

Higher
education

- The research focused on the development of
a methodology to evaluate student attitudes
towards technology in the classroom and the
impact of this technology in student
learning,

- Data were collected in a freshman-level
engineering course, 50 students completed
the surveys.

- Students used PDAs during the lecture
portion of the course,

- Student performance from targeted class
(n=72) was compared to student
performance in a previous class when PDAs
were not used (n=63).

Did the integration of PDAs
in the classroom impact
student attitudes towards
technology in the classroom?

Student attitude survey - Students had fairly positive attitudes
towards PDAs when utilized in a
traditional classroom setting.

- The study also found some
relationship between student attitudes
towards PDAs and demographic data
including gender, age, and ethnicity.

Did the integration of PDAs
in the classroom impact
student learning?

- Student midterm examination
scores

- Student self-evaluation of
learning objectives

Results showed that the introduction of
PDAs in a classroom improved student
performance as measured by scores on
a midterm exam and student self-
evaluation of learning objectives
directly tied to the portions of the
course in which PDAs were used.

Divitini,
Haugalokken
& Norevik
(2002)

Higher
education

- The study investigated the potentialities in
using mobile technologies (i.e. mobile
phones and handheld devices) to improve
communication among students and among
students and instructors,

- Data were collected from 25 undergraduate
students of the Dept. of Information and
Computer Science.

Did the usc of mobile
technologies improve
communication among
students and among students
and instructors'?

- Questionnaire on the actual
usage of mobile technologies by
students and on student interest
in adopting them in the
educational context.

- Results show that mobile phones are
used to improve communication
among students. Students used SMS
messages for communicating with
students for improving group
coordination.

- Students had positive attitudes
towards mobile technology.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINJMNGS(Continued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Laptops
Cianfrani
(2002)

K-12 - The purpose of this study was to determine
how technology-enriched instruction
impacted the achievement of students at
Cougar Elementary School.

- The study assessed a laptop program in a
wireless environment with a One-to-one
student to computer ratio, software available
through the Internet by a local application
service provider, and with routine technical
and ongoing training for teachers and
students.

- Participants were 306 fourth and fifth grade
students from 3 different school years.

I-low did the laptop program
impact the achievement of
students (from teacher
perspectives)?

- The researcher primarily
employed a qualitative
methodology,

- Teacher surveys were used for
data collection,

- Teachers perceived that participation
in the laptop program increased the
observed level of effective classroom
indicators, student technology use at
home, as well as level of teacher
technology use at school and at
home.

- Teachers perceived the advantages of
the program to outweigh any possible
disadvantages since none of the
negatives observed by the researcher
were even mentioned by the teachers.

How did the laptop program
impact the achievement of
students (from student
perspectives)?

- Student surveys
- Student interviews

- Majority of students liked using
computers and perceived that using
computer made work less difficult.

- Participation in the laptop program
increased the daily student use of
technology, as well as the use of the
Internet at home and at school.

- Majority of participating students
perceived that laptop program
assisted in student learning.

- Majority of students believed that
routine access to computers is
necessary.

- Observed levels of student
engagement, cooperative learning,
and higher level thinking skills were
higher in literature than in math.

How did the laptop program
impact the level of student
engagement, opportunities
for cooperative learning,
level of teacher facilitation,
use of higher level thinking
skills, and student reactions?

Classroom observations



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINDINGS(Continued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Stndy Level Research Setting Research Questions Data Collection
and Analysis Findings

Cianfrani
(2002)
(Continued)

How did the laptop program
impact the academic
achievement of students?

Results from the North Carolina
End-of-Grade test

- No differences in achievement
existed between grade level, gender,
and socio-economic status.

- Differences in academic achievement
in reading and math were found
between participants and non-
participants in the laptop program.
Students participating in the laptop
program scored higher than students
not participating in the program.

Dinnocenti
(2001)

K-12 The study investigated how the
implementation of laptop affected teaching
and learning in an elementary school as
evaluated by students, teachers, administrator,
and parents.

- What changes did teachers
make as they integrated
laptops into their
instruction?

- How did teachers increase
their technology skills
while trying to teach the
curriculum?

- How did students and
teachers describe methods
of instruction before and
after the implementation of
laptops?

- Interviews with 177 students,
22 teachers, 24 parents,
administrator, and support staff.

- Observations in classrooms,
faculty meetings, in-services,
PTO and site based meeting,
and social gatherings.

- Review of artifacts (e.g. teacher
lessons, student work,
communications, and e-mail
correspondence, etc.)

The use of laptops created a new
motivation for teaching and learning,
and indicated that meaningful
professional development and technical
support must be relevant and
accessible.
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Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Haynes
(1996)

K- 12 - The study evaluated of the effectiveness of
using word processing on laptop computers
as a writing tool for middle school students
identified as being inhibited writers,

- The study was conducted on 57 students
divided into
(1) Treatment group: students used Word
Map I to guide them through the process
of editing (n=3 1) and (2) Non-treatment
group: students received no special
assistance in editing (n=26)

Did the use of the laptop
computer program improve
the writing of elementary
students?

- Student writing scores as
assessed by the Word Map 11M
software program were used to
study improvements in writing
ability.

- ANOVA was used to compare
the differences.

No statistically significant changes in
the student writing skills were found.

Did the use of laptops change
the student attitudes toward
writing?

-. Pre-and post-test attitude
surveys and student interviews
were used to evaluate changes
in student attitudes toward
writing.

- Mean scores and standard
deviations were used to analyze
data.

The treatment group's attitudes towards
writing were more positive than those
of the non-treatment group.

Jarzab (2003) K- 12 - The study investigated the high school
teachers' perspectives on laptop technology
in the English language arts classroom,

- The informants were six teachers who
voluntarily joined a school wide wireless
laptop initiative.

What were the teachers'
perspectives on laptop
technology in the English
language arts classroom?

The qualitative research
methodology was used.

Teachers' perspectives on laptop
technology in the English language arts
classroom were reported.

Kinlaw
(2003)

K-12 The study determined the impact of one10-
one wireless laptop on the learning
experiences of high school students.

What impact has the One-to-
one wireless laptop had on
the learning experiences of
high school students?

- The qualitative research
methodology was used.

- Focus group interviews,

- 50 students were interviewed.

Data gathered from interviews
were analyzed using a cross-
case approach.

- Students described changes in taking
class notes, conducting research,
seeking assistance from websites, and
exchanging work products.

- Students reported improved
organization, more effective time
management practices, and better
access to information and research.

- There was also evidence of improved
student learning.

- There were some descriptions of
ineffective uses by students.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINIDINGS(Contiflued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Kolar,
Sabatini &
Fink (2002)

Higher
education

- The study evaluated the laptop usage in the
third-year undergraduate engineering course
in 2 consecutive years.

- Two sections of a course were offered in
each year: one for students who owned
laptops and one traditional section for
students who did not own laptops.
Enrollment in the laptop section was
voluntary. The two sections were similar in
terms of course content and assignments;
however the student groups were different
in terms of the average GPA. The average
GPA of the non-laptop section was higher
than the laptop section.

- There were 22 and 11 students enrolled in
the non-laptop section and laptop section in
year 1998 respectively. There were 24 and
12 enrolled in the non-laptop section and
laptop section in year 1999 respectively.

Did the use of the laptops
helped improve student
learning?

- Student performance was
compared to evaluate if the
laptops helped improved
student learning,

- The teacher/course evaluation
was used to provide student
opinions,

- The laptop students performed
slightly better than non-laptop
students, even though their composite
grade point average entering the
course was lower.

- Evaluations also indicated that when
the technology was used properly and
when class time was not spent
resolving technical problems, the
laptop students had a more positive
learning experience.

Lewis (2004) K-12 - The study investigated the relationship of
full time laptop access to student
achievement and student attitudes in a
middle,

- The samples was comprised of 74 students
middle-school students in the sixth and
eight grades who were assigned non-
randomly to one of two groups,

- Experimental group consisted of 34 students
and had daily access to laptop both in
school and at home.

- Comparison group consisted of 39 students
and did not have access to laptop.

- Both groups used the same curriculum.

What was the relationship of
full time laptop access to
student achievement aud
student attitudes?

- Measures of reading
comprehension, math
application, and writing were
determined through various
standard tests.

- ANOVAs were employed to
test the difference between the
experimental group and the
comparison group.

- Survey was completed by
students and parents of the
experimental group.

- No significant impact on student
achievement in reading
comprehension, match application,
and writing was found.

- Data from the survey suggested that
students with full-time laptop access
had several advantage regarding
student attitudes, motivation,
applications of technology for school
work, and improved organizalional
skills.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINIMNGS(Contirnied)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Lowry (2001) Higher
education

- This study investigated the relationship
between the impact of the laptop computer
initiative on student's attitudes toward
mathematics and mathematics achievement

- The population for this study was 175
Lawrence Technological University
students enrolled in 16 mathematics courses
with 12 different instructors.

- Data were collected during the last week of
the spring term 2001.

- Laptop applications included course
nianagement system, CD with text,
mathematics symbolic software, and
mathematics-related websites.

What was the relationship
between student attitudes
toward mathematics and the
extent of student computer
use in the classroom, and the
extent of student computer
use for mathematics work
outside the classroom?

The attitudes toward
mathematics survey

- Pearson correlations were used
to analyze data.

There were no significant relationships
between overall attitudes toward
mathematics and computer use in the
classroom, computer use outside the
classroom, and overall computer use.

What was the relationship
between student attitudes
toward mathematics and
student past computer
experience?

The attitudes toward
mathematics survey

- Pearson correlations were used
to analyze data,

There were no significant relationships
between student attitudes toward
mathematics and past computer
experience.

What was the relationship
between perceived utility of
laptops in mathematics and
the use of alternative
computer applications?

- The attitudes toward
mathematics survey

- Pearson correlations were used
to analyze data.

Statistically significant relationships
existed between the perceived utility of
laptops in mathematics and the use of
alternative computer applications,
except the use of mathematics symbolic
software in the classroom.

What was the relationship
between student achievement
in current mathematics
course and overall computer
use?

- The relationship between final
course grades and the extent to
which the various computer
applications were used overall,

- Pearson correlations were used
to analyze data,

There was no significant relationship
between final grades and overall use of
computer applications. However, there
was significant relationship between
final course grades and computer use
for course management system.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINJMNGS(Continued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Lowther, Ross
& Morrison
(2001)

K- 12 - The purpose of the study was to determine
the effectiveness of providing fifth and sixth
grade students with access to laptop
computers and learning activities,
technology usage, and writing achievement,

- The laptop classrooms were equipped with
wireless access to the Internet and printers,

- Students and parents received basic
computer skills training,

- Laptop teacher received training to develop
problem-based lessons that utilize real-
world resources, student collaboration, and
the use of computer tools to reach solutions,
prior and during the academic year.

- A sample of 32 laptops and 32 non-laptop
students were randomly selected to
compicte a writing test.

Was teaching different in a
laptop classroom?

- Classroom observations
- Instructor reports
- Instructor surveys and interview
- Student surveys and focus
groups

- Parent surveys and interview

- Laptop classes incorporated
technology to a much greater degree
and tended to employ more student
centered strategies. Teaching and
learning were impacted in ways that
promoted active learning and
technology application.

Did students behave
differently in a laptop
classroom?

- Classroom observation
- Instructor surveys and interview
- Student surveys and focus

groups
- Parent surveys and interview

- Laptop students were more active,
autonomous, and collaborative in
their classroom behaviors.

Did students achieve
differently in a laptop
classroom?

- Student writing test scores from
laptop and non-laptop
classrooms

- ANOVA was used to analyze
d a a.

Result significantly favored the laptop
groups on all evaluation dimensions
(organization, idea, style, and
conventions). Aside from being

.
statistically significant, the differences
across a dimensions reflected relatively
strong advantage for the laptop group.

Lyons (2002) K- 12 - The purpose of the study was to determine
whether laptop had an effect on student
essay writing proficiency and student
attitudes towards written assignments.

- Data were collected on 281 ninth grade
students. Students were divided into 2
groups, with one group (n=135) utilizing
laptop computers in English class
throughout the school year for written
assignments and activities. The other group
(control, n=146) used traditional
handwritten methods for completing written
work.

- Each group received instruction from the
same 4 teachers for the core classes of math,
social studies Englishrlanguage, science.

Did exposure to computer
technology produce a
significant effect on the
performance of student essay
writing?

Prc and post-test essay writing
scores.

Students using laptop computers had
significantly higher essay scores on the
post-test essay.

Did exposure to computer
technology produce a
significant effect on student
attitudes toward writing?

Student attitude survey Students using laptop computers had
significantly higher scores on the
survey.
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Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
.and Analysis Findings

Schieber
(1999)

K12 - The purpose of the study was to evaluate the
influence of the laptop program on student
writing and to explore the possible
relationship between the use of computers
and constructivist learning environments,

- Teachers in the study were trained in the use
of laptops and constructivist pedagogy.

- The study compared data from 9 fifth and
sixth grade laptop (n=219) and non-laptop
(n= 298) classrooms in one district,

Did the use of a laptop
computer program improve
the writing of elementary
students?

- Student writing samples from
laptop and non-laptop
classrooms were compared
using a six trait writing
assessment.

- Each student paper was scored
by two trained readers.

- MANOVA was used to analyze
data.

Writing scores between groups did not
differ significantly.

Did the use of a laptop
computer program change
the nature of elementary
classroom environments?

- Classroom environment was
assessed through pre and post
survey of student attitudes
about classroom condition.
MANOVA was used.

No difference in environments between
traditional and laptop classrooms was
found.

Siegle &
Foster (2001)

K12 - The purpose of this study was to study the
effects of laptop computers as well as
multimedia and presentation software on
student achievement (as measured by course
grades) in anatomy and physiology,

- 2 groups of high school students
alternatively used laptop computers with
multimedia and presentation software to
study anatomy and physiology content over
the course of one school year. Each group
used computers for 2 quarters and
traditional paper-based material for 2
quarters.

- Both groups were taught the same
curriculum by the same instructor.

Did laptop computers as well
as multimedia and
presentation software affect
student achievement in
anatomy and physiology?

The course grades of the 2 groups
were compared each quarter.

Results indicated that laptops with
accompanying software had a favorable
effect on studeot course grades.



APPENDIX A SUMMARY OF PREVIOUS RESEARCH FINIMNGS(Continued)

Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Computer-Enriched Environment, Technology-Enriched Classroom and Computer-Based Education
Byrd &
Koohang
(1989)

Hopson,
Simms &
Knezek
(2001)

Higher
education

K- 12

- The purpose of this study was to determine
whether present computer usage or the
expectation of future usage led to
differences in subject attitudes toward the
usefulness of computers.

- 75 college students enrolled in different
computer-based education courses
participated in the study.

- This study examined the effect of a
technology-enriched classroom on student
development of higher-order thinking skills
and student attitudes toward computers.

- A sample of 80 sixth grade and 86 fifth-
grade students participated in the study. The
treatment group was comprised of students
enrolled in the technology-enriched
classroom. Comparison groups included
students in the traditional classrooms.

Did present computer usage
or the expectation of future
usage lead to differences in
subject attitudes toward the
usefulness of computers?

Did students in a technology-
enriched classroom
demonstrate better use of
higher-order thinking skills
than students in a traditional
classroom?
Did attitudes toward
computers differ between
students in a technology-
enriched classroom and
students in a traditional
classroom?

- An instrument consisting of 12
positively and negatively
worded statements measuring
attitudes toward the usefulness
of computers.

- ANOVA was used.

- Multiple regression analysis
was conducted in order to
identify predictors in computer
usefulness for present and
future usage of computers.

- The Ross Test of Higher
Cognitive Processes

- ANOVA was used to analyze
data.

Student attitude surveys

Results of the study indicated that
present usage of computers was a
significant factor on subject attitudes
toward the usefulness of computers.
Subjects who were presently using a
computer had more positive attitudes
toward the usefulness of computers.

The creation of a technology-enriched
classroom environment appeared to
have had a positive effect on student
acquisition of higher-order thinking
skills.

The technology-enriched classroom
environment had a significant effect
on the fifth grade student attitudes of
computer importance, motivation,
and creative tendencies. No
significant differences were found on
enjoyment, study habits, empathy,
anxiety, or seclusion.

- On sixth grade students, no
significant difference was found in
any of the attributes measured.
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Table A. 1. Summary of research findings related to evaluation of technology use in classroom settings (Continued).

Study Level Research Setting Research Questions Data Collection
and Analysis Findings

Karsten &
Roth (1998)

Higher
education

- The purpose of the study was to identify the
relationship between prior computer
experience and student perceptions of
computer efficacy, and that between prior
computer experience and performance in
introductory computer literacy courses.

- Measures of computer experience and
computer self-efficacy were assessed prior
to student participation in the course.

- Research subjects consisted of 98
undergraduate students enrolled in a
required introduction to information system
course,

- The same instructor taught all research
subjects.

Did the relationship between
prior computer experience
and student perceptions of
computer efficacy, and that
between prior computer
experience and performance
in introductory computer
literacy courses exist?

- Computer experience and
computer self-efficacy survey

- Performance as measured by
the sum of the points student
earned on nine computer-based
homework assignments.

- Result suggested that although a wide
variety of computer experiences
enhanced student perceptions of their
computer competencies, only those
experiences that develop or enhance
the specific computer skills defined
to comprise computer literacy in a
particular context were likely to have
an impact on course performance.

- Results indicated computer self-
efficacy was found to be significantly
related to computer-dependent course
performance. However, the
relationship was not strong.

Kulik & Kulik
(1986)

Higher
education

- The purpose of the study was to examine the
effects of computer-based education (CBE)
on college student examination scores.

Did (CBE) affect on college
student examination scores?

Meta-analysis on student
examination scores from 101
controlled evaluations,

CBE had positively effects on college
students. CBE raised student
examination scores by 0.26 standard
deviations in the average study.

Loyd &
Gressard
(1984)

K-12 and
higher
education

- The purpose of the study was to examine the
effects of age, sex, and computer experience
on the attitude (computer anxiety,
confidence, and liking).

- Data were collected on 354 high school and
college students. Of this total, 186 were
high school students; 89 were community
college student; and 79 were students at a
small liberal arts college.

Did age, sex, and computer
experience affect computer
attitude of the students?

- Computer attitude scale

- ANOVA was used to analyze
data,

- Computer experience was found to
be significantly related to more
positive attitudes.

- Some significant age effects were
also found, but no clear trend with
age was demonstrated.

- Sex was not found to be significantly
related to computer attitudes.

Mitra &
Steffensmeier
(2000)

Higher
education

- The purpose of the study was to explore the
changes in student attitudes and student
computer use in a computer-enriched
environment using data from three years of
a five-year longituctinal study.

What were the changes in
student attitudes toward the
use of computers in a
computer-enriched
environment?

- Student attitude surveys
- ANOVA was used to analyze

data.

Results indicated that a computer-
enriched environment was positively
correlated with student attitudes toward
computers in general, their role in
teaching and learning, and their ability
to facilitate communication.
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Figure B.1.
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IDEF0 A0 diagram for the instructional processes. From "IDEF functional
modeling for instructional processes in mobile wireless technology
classrooms," by Chompu-inwai, R. & Doolen, T. L. (2004), Proceeding of the
34th International Conference on Computers & Industrial Engineering, San
Francisco, CA, p.64. Copyright © by the 34th International Conference on
Computers and Industrial Engineering. Reprinted with permission.
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APPENDIX C IDEF0 FUNCTIONAL HIERARCHY FOR MWT CLASSROOM

Figure C.1.
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IDEF0 functional hierarchy for MWT classroom (An illustrative
decomposition of the Al branch is provided). From "IDEF functional
modeling for instructional processes in mobile wireless technology
classrooms," by Chompu-inwai, R. & Doolen, T. L. (2004), Proceeding of the
34th International Conference on Computers & Industrial Engineering, San
Francisco, CA, p.65. Copyright © by the 34th International Conference on
Computers and Industrial Engineering. Reprinted with permission.
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APPENDIX D OBJECTIVES OF OSU, COE WIRELESS LAPTOP INITIATIVE

A message from Dean Adams (Reprinted with permission of the author)

Dear incoming freshman students:

I'm pleased to announce a major new development here at the Oregon State University
College of Engineering--one that will better prepare our graduates for successful careers in
engineering and fuel our momentum as OSU builds one of the best engineering programs in
the nation.

Thanks to recent gifts from Intel, Hewlett-Packard Company, and the William and Flora Hewlett
Foundation, the College of Engineering is now equipped with a state-of-the-art wireless
computer network. Beginning in Fall 2004, all incoming freshmen engineering students will be
required to have wireless laptop computers for use in classrooms and elsewhere on campus.

Were taking this bold step forward to enable our students and faculty to tap into this wireless
technology, creating a teaching-learning environment that is truly innovative. We feel this is an
important step for a number of reasons:

'Wireless is the wave of the future. As the first public engineering school on the West Coast to
require wireless laptops, our graduates will be more work-ready than ever before, equipped to
compete with engineering graduates from anywhere in the world.

'Research shows that hands-on, experiential learning is more effective than traditional lecture-
style teaching alone. Using wireless technology, our faculty will better engage our students in
exciting, hands-on learning--including almost instantaneous feedback on exercises and exams.

'Peer groups have been identified as potentially the single-most important factor in academic
success by all college students. Using wireless laptops will more quickly build strong bonds
among students and student groups within the College of Engineering, leading to academic
success.

Using wireless technology fits into Oregon Governor Ted Kulongoskis agenda for access to
excellence in higher education. By going wireless, we help our students attain excellence,
enabling them to help build a better world--which is ultimately what engineering is all about.

'Of course we realize there is a financial cost associated with this new requirement. We have
negotiated special pricing with Dell and Apple Computer, and arranged for additional financial
assistance. The enclosed information sheet contains answers to questions about our new
wireless program, as well as links to websites that contain additional information.

We are very enthusiastic about building one of the best engineering schools in the U.S., and I
am excited about this next step toward that goal. Thank you for your understanding and
support.

Sincerely yours,

Ron Adams, Dean

College of Engineering
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PDA Usage Survey
The acronym PDA is used to refer to Personal Digital Assistant

eo'-bi - )

2 o2'-. . V
Z

1 2 3 4 5

Circfr the ONII response that best describes your opinion.
1. 1 have a lot of self-confidence when it comes to working with 1 2 3 4 5

PDA's.
2. I feel comfortable working with PDA' s. 1 2 3 4 5

3. The challenge of solving problems with PDA' s does not appeal
to me.

1 2 3 4 5

4. I am confused by PDA's. 1 2 3 4 5

5. I am not good with technology such PDA' s. 1 2 3 4 5

6. Generally I would feel OK about trying a new problem on 1 2 3 4 5
PDA's.

7. I am sure I could do work using FDA's. 1 2 3 4 5

8. It is fun using PDA's in class. 1 2 3 4 5

9. I will do as little work with computers or PDA's as possible. 1 2 3 4 5

10. The challenge of learning to use PDA's is exciting. 1 2 3 4 5

11. Learning about PDA's is a waste of time. 1 2 3 4 5

12. I expect to have little use for PDA's in my daily life. 1 2 3 4 5

13. PDA's frustrate me. 1 2 3 4 5

14. I would like to learn more about PDA's. 1 2 3 4 5

15, I get a sinking feeling when I think of trying to use PDA's in
class.

1 2 3 4 5

16. I would like to spend more time using a PDA. 1 2 3 4 5

17. PDA's make me feel uneasy. 1 2 3 4 5

18. I like computers, but I don't like PDA's. 1 2 3 4 5

19. I can't think of any way that I will use PDA's in my career. 1 2 3 4 5



APPENDIX E-1 PRE-TEST ATTITUDE SURVEY (SURVEY 2)
(Continued)

PDA Usage Survey

Gender (circle one): Female Male

Age (circle one):

Traditiona' student (23 years old or younger)

Nontraditional student (older than 23 years old)

Ethnic Identity (circle one):

Asian American Middle Eastern

American Indian or Alaskan Native Native Hawaiian or other Pacific Islander

Black, African American, Non-Hispanic North African

Hispanic American White, European American, Non-Hispanic

Other

Comments:

If you have any other thoughts on the use of PDA's in ENGR 112, please include your comments
below:
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PDA Usage Survey

The acronym PDA is used to refer to Personal Digital Assistant
>i:

2
Z <

Circle the ONE response that best describes your opinion.

1. I have a lot of self-confidence when it comes to working with
PDA's.

1 2 3 4 5

2. 1 feel comfortable working with PDA's. 1 2 3 4 5

3, The challenge of solving problems with PDA's does not
appeal to me.

1 2 3 4 5

4. I am confused by PDA's. 1 2 3 4 5

5. I am not good with technology such as PDA's. 1 2 3 4 5

6. Generally I would feel OK about trying a new problem on
PDA's.

1 2 3 4 5

7. I am sure I could do work using PDA's. 1 2 3 4 5

8. It is fun using FDA's in class. 1 2 3 4 5

9. I will do as little work with computers or PDA's as possible. 1 2 3 4 5

10. The challenge of learning to use PDA's is exciting. 1 2 3 4 5

11. Learning about PDA's is a waste of time. 1 2 3 4 5

12. I expect to have little use for PDA's in my daily life. 1 2 3 4 5

13. PDA's frustrate me. 1 2 3 4 5

14. I would like to learn more about PDA's. 1 2 3 4 5

15. I get a sinking feeling when I think of trying to use FDA's in
class.

1 2 3 4 5

16. I would like to spend more time using a PDA. 1 2 3 4 5

17. FDA's make me feel uneasy. 1 2 3 4 5

18. I like computers, but I don't like PDA's. 1 2 3 4 5

19. I can't think of any way that I will use FDA's in my career. 1 2 3 4 5

20. I will use computers many ways in my life. 1 2 3 4 5

21. Knowing how to work with PDA's will increase my job
possibilities.

1 2 3 4 5



APPENDIX E-2 PRE-TEST ATTITUDE SURVEY (SURVEY 3 FOR PDA)
(Continued)

PDA Usage Survey

Gender (circle one): Female Male

Age (circle one):

Traditional student (23 years old or younger)

Nontraditional student (older than 23 years old)

Ethnic Identity (circle one):

Asian American Middle Eastern

American Indian or Alaskan Native Native Hawaiian or other Pacific Islander

Black, African American, Non-Hispanic North African

Hispanic American White, European American, Non-Hispanic

Other

Previous Experience (circle one):

Have you ever used a PDA prior to this class? Yes No

Comments:

If you have any other thoughts on the use of PDA's iii this class, please include your
comments below:
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APPENDIX E-3 PRE-TEST ATTITUDE SURVEY (SURVEY 3 FOR LAPTOP)

Laptop Usage Survey -
z

-
<

o-

Circle the ONE response that best describes your opinion.

1. I have a lot of self-confidence when it comes to working
with laptops.

1 2 3 4 5

2. 1 feel comfortable working with laptops. 1 2 3 4 5

3. The challenge of solving problems with laptops does not
appeal to me.

1 2 3 4 5

4. I am confused by laptops. 1 2 3 4 5

5. 1 am not good with technology such as laptops. 1 2 3 4 5

6. Generally I would feel OK about trying a new problem on
laptops.

1 2 3 4 5

7. I am sure I could do work using laptops. 1 2 3 4 5

8. It is fun using laptops in class. 1 2 3 4 5

9. 1 will do as little work with computers or laptops as possible. 1 2 3 4 5

10. The challenge of learning to use laptops is exciting. 1 2 3 4 5

11. Learning about laptops is a waste of time. 1 2 3 4 5

12. I expect to have little use for laptops in my daily life. 1 2 3 4 5

13. Laptops frustrate me. 1 2 3 4 5

14. I would like to learn more about laptops. 1 2 3 4 5

15. I get a sinking feeling when I think of trying to use laptops in
class.

1 2 3 4 5

16. I would like to spend more time using a laptop. 1 2 3 4 5

17. Laptops make me feel uneasy. 1 2 3 4 5

18. I like computers, but I don't like laptops. 1 2 3 4 5

19. I can't think of any way that I will use laptops in my career. 1 2 3 4 5

20. I will use computers many ways in my life. 1 2 3 4 5

21. Knowing how to work with laptops will increase my job
possibilities.

1 2 3 4 5
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APPENDIX E-3 PRE-TEST ATTITUDE SURVEY (SURVEY 3 FOR LAPTOP)
(Continued)

Laptop Usage Survey

Gender (circle one): Female Male

Age (circle one):

Traditional student (23 years old or younger)

Nontraditional student (older than 23 years old)

Ethnic Identity (circle one):

Asian American Middle Eastern

American Indian or Alaskan Native Native Hawaiian or other Pacific Islander

Black, African American, Non-Hispanic North African

Hispanic American White, European American, Non-Hispanic

Other

Previous Experience (circle one):

Have you ever used a laptop prior to this class? Yes No

Comments:

If you have any other thoughts on the use of laptops in this class, please include your
comments below:
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PRS Unit Usage Survey

The acronym PRS unit is used to refer to Personal Response System
unit z <

Circle the ONE response that best describes your opinion.

1. I have a lot of self-confidence when it comes to working with
a PRS unit.

1 2 3 4 5

2. I feel comfortable working with a PRS unit. 1 2 3 4 5

3. Responding to problems with the PRS unit does not appeal to
me.

1 2 3 4 5

4. I am confused by the PRS unit. 1 2 3 4 5

5. I am not good with technology such as PRS units. 1 2 3 4 5

6. Generally I would feel OK about responding to problems on
the PRS unit.

1 2 3 4 5

7. It is fun using the PRS unit in class. 1 2 3 4 5

8. I will use the PRS unit as little as possible. 1 2 3 4 5

9. The challenge of learning to use the PRS unit is exciting. 1 2 3 4 5

10. Learning about the PRS unit is a waste of time. 1 2 3 4 5

11. PRS units frustrate me. 1 2 3 4 5

12. I would like to learn more about PRS units. 1 2 3 4 5

13. I get a sinking feeling when I think of trying to use the PRS
unit in class.

1 2 3 4 5

14. I would like to spend more time using PRS units. 1 2 3 4 5

15. The PRS unit makes me feel uneasy. 1 2 3 4 5

16. I like computers, but I don't like PRS units. 1 2 3 4 5



APPENDIX E-4 PRE-TEST ATTITUDE SURVEY (SURVEY 4 FOR PRS)
(Continued)

PRS Unit Usage Survey

Gender (circle one): Female Male

Age (circle one):

Traditional student (23 years old or younger)

Nontraditional student (older than 23 years old)

Ethnic Identity (circle one):

Asian American Middle Eastern

American Indian or Alaskan Native Native Hawaiian or other Pacific Islander

Black, African American, Non-Hispanic North African

Hispanic American White, European American, Non-Hispanic

Other

Previous Experience (circle one):

Have you ever used a PRS unit prior to this class? Yes No

Comments:

If you have any other thoughts on the use of PRS units in this class, please include your
comments below:
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APPENDIX F-i POST-TEST ATTITUDE SURVEY (SURVEY 1)
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PDA Usage Survey
The acronym PDA is used to refer to Personal Digital Assistant

1

.

2

-
I)z
3

2

4 5

Circle the ONE response that best describes your opinion.
1. I have a lot of self-confidence when it comes to working

with the PDA's.
1 2 3 4 5

2. Working with the PDA's made me feel very nervous. 1 2 3 4 5

3. I have avoided tools like PDA's because they are unfamiliar
to me.

1 2 3 4 5

4. I feel comfortable working with the PDA's. 1 2 3 4 5
5. The challenge of solving problems with the PDA' s does not

appeal to me.
1 2 3 4 5

6. I was confused by the PDA's. 1 2 3 4 5

7. I am not good with technology such PDA's. 1 2 3 4 5
8. Generally I would feel OK about trying a new problem on

the PDA's.
1 2 3 4 5

9. Using PDA' s during lectures made it easier to understand
the material.

1 2 3 4 5

10. I don't think that I would do advanced computer work. 1 2 3 4 5

11. 1am sure I could do work using PDA's. 1 2 3 4 5

12. It was fun having the PDA's in class. 1 2 3 4 5

13. Figuring out problems using PDA's does not appeal to me. 1 2 3 4 5

14. Working with the PDA's make me feel tense. 1 2 3 4 5

15. Twill do as little work with computers or PDA's as
possible.

1 2 3 4 5

16. Once I start to work on the PDA or the computer, I find it
hard to stop.

1 2 3 4 5

17. I will use computers many ways in my life. 1 2 3 4 5

18. The PDA's make me feel confused. 1 2 3 4 5

19. The challenge of learning to use the PDA's is exciting. 1 2 3 4 5

20. Leaning about PDA's is a waste of time. 1 2 3 4 5

21. Iexpectto have little use forPDA'sin my daily life. 1 2 3 4 5

22. PDA's should not be used in this class. 1 2 3 4 5

23. Using PDA's during lectures made it easier to do my
homework assignments.

1 2 3 4 5

24. Learning about PDA's is worthwhile. 1 2 3 4 5

25. The PDA's frustrate me. 1 2 3 4 5

26. Anything that a PDA can be used for, I can do just as well
some other way.

1 2 3 4 5



Gender (circle one): Female Male

Age (circle one):

Traditional student (23 years old or younger)

Nontraditional student (older than 23 years old)

Ethnic Identity (circle one):

Asian American Middle Eastern

American Indian or Alaskan Native Native Hawaiian or other Pacific Islander

Black, African American, Non-Hispanic North African

Hispanic American White, European American, Non-Hispanic

Other

Comments: If you have any suggestions, please include your comments below:

FDA Usage Survey
The acronym PDA is used to refer to Personal Digital Assistant

Z <

b

ci<
Circle the ONE response that best describes your opinionS

27. I have avoided tools like PDA's because they are
intimidating to me.

1 2 3 4 5

28. Working with PDA's will not be important to me in my
life's work.

1 2 3 4 5

29. IwouldliketolearnmoreaboutPDA's. 1 2 3 4 5

30. I get a sinking feeling when I think of trying to use the
PDA's in class.

1 2 3 4 5

31. 1 do not enjoy talking with others about technology like
PDA's.

1 2 3 4 5

32. I would like to spend more time using a PDA. 1 2 3 4 5

33. Using PDA's did not have a positive effect on my learning. 1 2 3 4 5

34. The PDA's make me feel uneasy. 1 2 3 4 5

35. The PDA's were helpful to me in learning class concepts. 1 2 3 4 5

36. The PDA's make me feel uncomfortable. 1 2 3 4 5

37. I like computers, but I don't like PDA's. 1 2 3 4 5

38. I can't think of any way that I will use PDA's in my career. 1 2 3 4 5

39. PDA's should be used more often in this class. 1 2 3 4 5
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APPENDIX F-i PRE-TEST ATTITUDE SURVEY (SURVEY 1)
(Continued)



APPENDIX F-2 POST-TEST ATTITUDE SURVEY (SURVEY 2)

If you had problems using the FDA, please tell us about them

Please provide us with any additional comments or suggestions you have about the FDA:
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PDA Usage Survey
The acronym PDA is used to refer to Personal Digital Assistant

;-
_.
c,

Z
Circle the ONE response that best describes your opinion.
1. I have a lot of self-confidence when it comes to working with

PDA' s.
1 2 3 4 5

2. I feel comfortable working with PDA's. 1 2 3 4 5

3. The challenge of solving problems with PDA's does not
appeal to me.

1 2 3 4 5

4. 1 am confused by PDA's. 1 2 3 4 5

5. I am not good with technology such PDA's. 1 2 3 4 5

6. Generally I would feel OK about trying a new problem on
PDA' s.

1 2 3 4 5

7. Using PDA's during lectures made it easier to understand the
material.

1 2 3 4 5

8. I am sure I could do work using PDA's. 1 2 3 4 5

9. It is fun using PDA's in class. 1 2 3 4 5

10. Twill do as little work with computers or PDA's as possible. 1 2 3 4 5

11. The challenge of learning to use PDA's is exciting. 1 2 3 4 5

12. Learning about PDA's is a waste of time, 1 2 3 4 5

13. PDA's should not be used in this class. 1 2 3 4 5

14. Using PDA's during lectures made it easier to do my
homework assignments.

1 2 3 4 5

l5 I expect to have little use for PDA's in my daily life. 1 2 3 4 5

16. PDA'sfrustrateme. 1 2 3 4 5
17. I would like to learn more about PDA's. 1 2 3 4 5

18. I get a sinking feeling when I think of trying to use PDA's in
class.

1 2 3 4 5

19. I would like to spend more time using a PDA. 1 2 3 4 5
20. PDA's make me feel uneasy. 1 2 3 4 5

21. The PDA's were helpful to me in learning class concepts. 1 2 3 4 5

22. I like computers, but I don't like PDA's. 1 2 3 4 5

23. I can't think of any way that Twill use PDA's in my career. 1 2 3 4 5

24. PDA's should be used more often in this class. 1 2 3 4 5
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PDA Usage Survey
The acronym PDA is used to refer to Personal Digital Assistant

OC;_.
c

.

z <

'

Circle the ONE response that best describes your opinion.
1. 1 have a lot of self-confidence when it comes to working with

PDA's.
1 2 3 4 5

2. I feel comfortable working with PDA's. 1 2 3 4 5
3. The challenge of solving problems with PDA's does not

appeal to me.
1 2 3 4 5

4. I am confused by PDA's. 1 2 3 4 5
5. 1 am not good with technology such as PDA's. 1 2 3 4 5
6. Generally I would feel OK about trying a new problem on

PDA's.
1 2 3 4 5

7. Using PDA's during lectures made it easier to understand the
material.

1 2 3 4 5

8. I am sure I could do work using PDA's. 1 2 3 4 5
9. It is fun using PDA's in class. 1 2 3 4 5
10. I will do as little work with computers or PDA's as possible. 1 2 3 4 5

11. The challenge of learning to use PDA's is exciting. 1 2 3 4 5

12. Learning about PDA's is a waste of time. 1 2 3 4 5

13. PDAs should not be used in this class. 1 2 3 4 5

14. Using PDA's during lectures made it easier to do my
homework assignments.

1 2 3 4 5

15. I expect to have little use for PDA's in my daily life. 1 2 3 4 5

16. PDA's frustrate me. 1 2 3 4 5
17. I would like to learn more about PDA's. 1 2 3 4 5
18. 1 get a sinking feeling when I think of trying to use PDA's in

class.
1 2 3 4 5

19. I would like to spend more time using a PDA. 1 2 3 4 5

20. PDA's make me feel uneasy. I 2 3 4 5

21. The PDA's were helpful to me in learning class concepts. 1 2 3 4 5

22. I like computers, but I don't like PDA's. 1 2 3 4 5

23. I can't think of any way that I will use PDA's in my career. 1 2 3 4 5

24. I will use computers many ways in my life. 1 2 3 4 5

25. Knowing how to work with PDA's will increase my job
possibilities.

1 2 3 4 5

26. PDA's should be used more often in this class. 1 2 3 4 5

27. Using the PDA's was more stressful than other course
activities.

1 2 3 4 5

28. Too much time was spent setting up the devices. 1 2 3 4 5

29. Using the PDA's helped me interact more with my classmates. 1 2 3 4 5

30. Using the PDA's prevented me from engaging with course
material.

1 2 3 4 5

31. Using the PDA's was an unpleasant way to learn the course
material.

1 2 3 4 5



APPENDIX F-3 POST-TEST ATTITUDE SURVEY (SURVEY 3 FOR PDA)
(Continued)

PDA Usage Survey

Previous Experience (choose one): Have you ever used PDA prior to this class? Yes No

Please answer the following questions:

How is learning different with the PDA?

Some people feel the PDA is a learning tool. Others think it is a classroom disturbance. What do you
think?

What are you using the PDA for outside of class?
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APPENDIX F-4 POST-TEST ATTITUDE SURVEY (SURVEY 3 FOR LAPTOP)

Laptop Usage Survey
- 2

Z

-

Circle the ONE response that best describes your opinion.

1. I have a lot of self-confidence when it comes to working
with laptops.

1 2 3 4 5

2. I feel comfortable working with laptops. 1 2 3 4 5

3. The challenge of solving problems with laptops does not
appeal to me.

1 2 3 4 5

4. 1 am confused by laptops. 1 2 3 4 5

5. I am not good with technology such as laptops. 1 2 3 4 5

6. Generally I would feel OK about trying a new problem on
laptops.

1 2 3 4 5

7. Using laptops during lectures made it easier to understand
the material.

1 2 3 4 5

8. I am sure I could do work using laptops. 1 2 3 4 5

9. It is fun using laptops in class. 1 2 3 4 5

10. I will do as little work with computers or laptops as possible. 1 2 3 4 5

11. The challenge of learning to use laptops is exciting. 1 2 3 4 5

12. Learning about laptops is a waste of time. 1 2 3 4 5

13. Laptops should not be used in this class. 1 2 3 4 5

14. Using laptops during lectures made it easier to do my
homework assignments.

1 2 3 4 5

15. I expect to have little use for laptops in my daily life. 1 2 3 4 5

16. Laptops frustrate me. 1 2 3 4 5

17. I would like to learn more about laptops. 1 2 3 4 5

18. I get a sinking feeling when I think of trying to use laptops
in class.

1 2 3 4 5

19. I would like to spend more time using a laptop. 1 2 3 4 5

20. Laptops make me feel uneasy. 1 2 3 4 5

21. The laptops were helpful to me in learning class concepts. 1 2 3 4 5

22. 1 like computers, but I don't like laptops. 1 2 3 4 5

23. I can't think of any way that I will use laptops in my career. 1 2 3 4 5

24. I will use computers many ways in my life. 1 2 3 4 5



APPENDIX F-4 POST-TEST ATTITUDE SURVEY
(SURVEY 3 FOR LAPTOP) (Continued)
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Laptop Usage Survey (Continued)
- 2

z <

Circle the ONE response that best describes your opinion.

25. Knowing how to work with laptops will increase my job
possibilities.

1 2 3 4 5

26. Laptops should be used more often in this class. 1 2 3 4 5

27. Using the laptops was more stressful than other course
activities.

1 2 3 4 5

28. Too much time was spent setting up the devices. 1 2 3 4 5

29. Using the laptops helped me interact more with my
classmates.

1 2 3 4 5

30. Using the laptops prevented me from engaging with course
material.

1 2 3 4 5

31. Using the laptops was an unpleasant way to learn the course
material.

1 2 3 4 5
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PRS Unit Usage Survey

The acronym PRS unit is used to refer to Personal Response System unit

>.

- c

Z <

Circle the ONE response that best describes your opinion.

1. I have a lot of self-confidence when it comes to working with a PRS
unit.

1 2 3 4 5

2. 1 feel comfortable working with a PRS unit. 1 2 3 4 5

3. Responding to problems with the PRS unit does not appeal to me. 1 2 3 4 5

4. 1 am confused by the PRS unit. 1 2 3 4 5

5. 1 am not good with technology such as PRS units. 1 2 3 4 5

6. Generally I would feel OK about responding to problems on the
PRS unit.

1 2 3 4 5

7. Using PRS units during lectures made it easier to understand the
material.

1 2 3 4 5

8. It is fun using the PRS unit in class. 1 2 3 4 5

9. I will use the PRS unit as little as possible. 1 2 3 4 5

10. The challenge of learning to use the PRS unit is exciting. 1 2 3 4 5

11. Learning about the PRS unit is a waste of time. 1 2 3 4 5

12. PRS units should not be used in this class. 1 2 3 4 5

13. Using PRS units during lectures made it easier to do my homework
assignments.

1 2 3 4 5

14. PRS units frustrate me. 1 2 3 4 5

15. I would like to learn more about PRS units. 1 2 3 4 5

16. 1 get a sinking feeling when I think of trying to use the PRS unit in
class.

1 2 3 4 5

17. I would like to spend more time using PRS units. 1 2 3 4 5

18. The PRS unit makes me feel uneasy. 1 2 3 4 5

19. The PRS units were helpful to me in learning class concepts. 1 2 3 4 5

20. I like computers, but I don't like PRS units. 1 2 3 4 5

21. PRS units should be used more often in this class. 1 2 3 4 5

22. Using the PRS units was more stressful than other course activities. 1 2 3 4 5

23. Too much time was spent setting up the devices. 1 2 3 4 5

24. Using the PRS units helped me interact more with my classmates. 1 2 3 4 5

25. Using the PRS units prevented me from engaging with course
material.

1 2 3 4 5

26. Using the PRS units was an unpleasant way to learn the course
material.

1 2 3 4 5



APPENDIX F-5 POST-TEST ATTITUDE SURVEY (PRS) (Contiiiued)

Comments:

If you have any other thoughts on the use of PRS units in this class, please include your comments
below:

Attention please!
PH 202 Focus group - requesting your assistance

Your Opinion, Please! Express your opinions out loud!!!!!!

Hello! I would like to request your assistance by participating in a focus group. The purpose is to
determine the impact of using PRS units in your PH 202 class. Your feedback will be used to help
direct future improvements in the course and to evaluate the use of PRS units in the course.

The focus group will be administered in the first week of next spring quarter (approximately one
hour in length).

If you are interested in participating in the focus group, please put your e-mail address here
and I will contact you.

Thank you in advance for helping with this study!
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APPENDIX G STUDENT OPINION SURVEY

Student Survey

How often did you use the laptop in the classroom?

LI Always LI Usually LI About half of the time LI Seldom LI Never

What did you use the laptop for? (You can select as many as applied)

LI Scheduling

LI To-do lists

LI Internet Using (e.g. respond to e-mail or loading general web pages, etc.)

LI Calculation

LI Class materials and tutorials that existed on the web downloading for access in other locations (e.g.

classroom, lab, library, at home) or to receive class notes

LI Class note taking

LI Assignments, quizzes and test details (e.g. due dates, scores, textbooks, grades) tracking

LI Project planning

LI Team or group working collaboration (e.g. team exercises in the classroom and lab, etc.)

LI Classroom activities (e.g. example or exercise demonstration, etc.)

LI To do quizzes or tests

LI For word processing

LI For specific software tool (e.g. spreadsheet, databases, C programming, VB.NET) usages

LI Expense accounting

LI Games

LI To do assignments

LI Others
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Laptop usage in the classroom helped make my overall course learning:

El Much further ahead than where I expected to be

[i Somewhat ahead of where I expected to be

LI Just about where I expected to be

LI Somewhat behind where I expected to be

El Not at all where I expected to be

Do you wish to use laptops or any other mobile wireless devices in other classes in the future?

El Yes El Maybe ElNo

APPENDIX G STUDENT OPINION SURVEY (Continued)

3. Indicate your opinions: Laptop usage helped me meet the following course learning
objectives:

Please give the reason for your answer

Other comments or suggestions
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Course Learning Objectives
-
z <

Circle the ONE response that best describes your opinion.
1. Model and solve engineering problems in industrial information

systems
1 2 3 4 5

2. Design robust and maintainable computing applications using
object-oriented design and analysis approach

1 2 3 4 5

3. Understand and follow the Unified Process roadmap through
requirements, analysis, design, and coding

1 2 3 4 5

4. Use the Unified Modeling Language (UML) to illustrate
analysis and design models

1 2 3 4 5

5. Develop basic Graphic User Interfaces (GUIs) using Visual
Basic .NET programming language

1 2 3 4 5

6. Ability to manipulate data stored in a relational database via a
Visual Basic GUI

1 2 3 4 5



APPENDIX H INSTRUCTOR OPINION SURVEY

Instructor Opinion Survey

1. Indicate your opinions: Laptop usage helped my students meet the following course learning
objectives:
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Course Learning Objectives
.

-

z
Circle the ONE response that best describes your opinion.
1. Ability to use engineering software to solve applicable

engineering problem.
1 2 3 4 5

2. Knowledge of the basic capabilities of Excel. 1 2 3 4 5

3. Ability to use computer tools to determine statistics such as
mean, median, mode, and standard deviation.

1 2 3 4 5

4. Ability to use computer tools to solve basic time-value of
money equations.

1 2 3 4 5

5. Knowledge of the basic capabilities of Visual Basic 1 2 3 4 5

6. Ability to represent an engineering problem with a flowchart. 1 2 3 4 5

7. Ability to translate a flowchart into a basic computer program. 1 2 3 4 5

8. Ability to develop a graphical user interface using Visual
Basic.

1 2 3 4 5

9. Ability to use graphical tools such as charts and graphs in
solving engineering problems.

1 2 3 4 5



APPENDIX H INSTRUCTOR OPINION SURVEY (Continued)

Indicate your opinions: Laptop usage in the classroom enhanced my students learning
abilities:

What do you think about the laptop usage in the classroom as related to your student overall
course learning?

ü Much further ahead than where I expected to be

Somewhat ahead of where I expected to be

LI Just about where I expected to be

LI Somewhat behind where I expected to be

LI Not at all where I expected to be
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Student Learning Abilities

.

-

Z
Circle the ONE response that best describes your opinion.

Ability to apply mathematics, science, and engineering. 1 2 3 4 5

Ability to design and conduct experiments, as well as to analyze and
interpret data.

1 2 3 4 5

Ability to design a system, component, or process to meet desired needs 1 2 3 4 5

Ability to function on multidisciplinary teams. 1 2 3 4 5

Ability to identify, formulate, and solve engineering problems. 1 2 3 4 5

Understanding of professional and ethical responsibility. 1 2 3 4 5

Ability to communicate effectively. i 2 3 4 5

Board education necessary to understand the impact of engineering
solutions in a global and societal context.

1 2 3 4 5

Recognition of the need for, and an ability to engage in life-long
learning.

1 2 3 4 5

Knowledge of contemporary issues. i 2 3 4 5

Ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.

1 2 3 4 5

Other
1 2 3 4 5



APPENDIX H INSTRUCTOR OPINION SURVEY (Continued)

4. Do you have any plan to use laptops or any other mobile wireless devices in other classes in
the future?

E Yes LI Maybe LINo

Please give the reason for your answer

Other comments or suggestions
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APPENDIX I FOCUS GROUP DISCUSSION GUIDELINES

Focus Group Discussion Guidelines

321

What do you like best about using mobile wireless technology in classroom?

What do you like least about using mobile wireless technology in classroom?

How did you interact with the instructor while experiencing mobile wireless technology in

classroom?

How did you interact with other students while experiencing mobile wireless technology in

classroom?

How do you describe your experiences using mobile wireless device, including any fears or

apprehension?

What did you need help with?

What problems did you encounter in the classroom with mobile wireless usage? And how

did you solve them?

What do you think about the device usability, including any problems?

Was your learning enhanced by experiencing mobile wireless technology in classroom?

Which type of teaching method did you perceive helped you perfoi in better, classroom

with mobile wireless technology integration or traditional teaching method (without

technology integration)?

11 How would you change the current teaching method (classroom with mobile wireless

technology integration)?

Number of students: Class:

Interviewer:

Start time: End time:



APPENDIX J INSTRUCTOR OPINION INTERVIEW GUIDELINES

Instructor Opinion Interview Guidelines

Class: Interviewer:

Start time: End time:

How were you motivated to use mobile wireless technology in classroom?

How did you prepare to implement mobile wireless technology in classroom?

What conflicts were incurred during the implementation of mobile wireless technology?

What were the expectations of this teaching method?

Have the expectations of this teaching method been met?

What recommendation would you offer to other instructors beginning to implement mobile

wireless technology in classroom?
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA

Homework #1 ENGR 112
Winter 2004

25 points

Homework is due in the third week of the term before your lab starts. Homework must be
submitted electronically. Each problem should be on a separate worksheet. Submit only I
workbook. Each problem is worth 5 points.

l.The photo shows two bottles containing different doses of insulin for
treating diabetes. The consequences of choosing the wrong bottle are
serious. The bottle on the left contains Insulin R (for Regular
Insulin). Regular Insulin acts relatively fast (over a 4 to 6 hour
period) and is generally meant to be taken before a meal. The bottle
on the right contains Insulin N (for NPH Insulin). NPH Insulin acts
over a broader span of time and more slowly (e.g., a 12 to 18 hour
period) and is meant to be taken generally once or twice during a 24
hour period to keep a diabetics' blood glucose from rising significantly.

Many diabetics use R (regular) insulin in conjunction with N or some other long-acting
insulin. The consequences of accidentally taking Insulin R instead of Insulin N at bedtime
would be serious because you could end up having a hypoglycemic reaction during the
middle of the night (i.e., extremely low blood glucose levels). Thus, choosing thewrong
insulin could be a very serious and possibly deadly mistake. The insulin bottles are not very
distinguishable as they are currently designed, particularly for diabetics since one of the
common side-effects of diabetes is vision problems. Answer the following questions related
to redesigning the labels.

What is the overall objective of the redesign?

What information is known?

What information must be determined?

What fundamental engineering principles apply to this problem?

'What will be the overall solution strategy?

2.Prepare a worksheet containing a student's first year grade report (2 semesters). Data for
the report is shown below. The report should include the student's name, student ID and
have a title. The course listing for each semester should be labeled. A CPA should be
calculated for each semester. The grade report should also include the overall CPA for the
first year. Enhance the appearance of the grade report by adding borders, adjusting column
widths, formatting numerical values, adding headings, and formatting text. Points will be
assigned for proper formatting as well as the correct numerical responses. Format the data
so that it is easy to read. Use the same number of significant figures for similar data.

Semester 1
Course Credits Grade

Semester 2
Course Credits Grade

Chemistry I 4 3.0 Chemistry II 4 3.7
Physics I 4 3.3 Physics II 3 3.0
English Composition 3 2.0 Economics 3 3.3
Intro to Engineering 3 4.0 Engineering Analysis 3 4.0
Calculus I 3 3.7 Calculus II 3 3.3
Seminar 1 2.7 Seminar 1 3.0
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

3.The figure shows an electrical circuit consisting of a DC source and three resistors
connected in series. Suppose the source is a 12volt (V) battery, and the resistors have
values of R1 150 ohms, R2 = 250 ohms, and R3 = 50 ohms. Create an Excel spreadsheet
to determine the current flowing through the circuit, the voltage drop across each of the
resistors, the power consumed by
each resistor, and the total power
consumption. Current (in amperes)
is calculated as I = V/(R1+R2+R3)
where V represents the source
voltage. The voltage drop across
each resistor (in volts) is determined
as V1 = JR1. V2 = 1R2, and V3 = JR3.
The power consumed by each
resistor (in watts) is given by P1 =
1V1, P2= 1V2, and P3 1V3.

Determine all unknown quantities for this circuit and organize the results in a
spreadsheet, labeling all rows and columns and values. Please use the same number of
significant figures for each part of the problem. Points will be deducted if you do not.

What happens if the source voltage is increased to iSV?

What happens if the source voltage is restored to 12 V, but the values of the resistors
change to R, 175 ohms, R2 = 100 ohms, and R3 = 225 ohms?

What happens if all the quantities are restored to their original values and a fourth
resistor is added show value is 200 ohms?

4.Using the various help features available in Microsoft Excel, answer each of the following
questions.

What function can be used to convert an arabic number to a roman numeral? Use this
function to convert 736 to a classic roman numeral.

Describe 3 ways that the width of an Excel column can be modified.

How do you change the save interval for the auto recovery function? Where do you
specify the path (the folders/subfolders) where your files will be saved for auto
recovery?

Excel will check for typing errors and automatically correct some of these.
Occassionally, however, Excel may correct your typing in a way that is different than
what you intended. For example when you type (c) it may be automatically changed to
©. Using help, describe what you need to do in Excel so this will not happen.

List 2 Excel statistical functions and demonstrate, by examples, that you can use the
functions properly. List 2 Excel financial functions and demonstrate, by examples, that
you can use the functions properly.

5.Complete problems 4, 5,6, and 7 on pages 53 54 of the course text book.



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #1 ENGR 112 Grading Instructions and Grading Criteria

Question 1:

Gradinq Notes This problem is worth 5 points. The answer to each question is worth I
point. All questions should be answered and be reasonable, but not necessarily really long.

Question 2:
Grade Report
Name: Toni L. Doolen
SS# 111-22-333
Semester 1 Grade
Report

Semester 2 Grade
Report
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1
The purpose of the problem is to come up with a redesigned the label for the insulin
bottles so that they can easily be distinguished from one another

2
The name of the insulin (both types is known), looklshape of bottle is known, the
fact that diabetics may have trouble seeing is known, the significance of a mistaken
label is known

3
You would need to understand what would be easiest for people to distinguish; you
need to know the size of the labels; you also need to know the types of
environments that the medicine would be used in, e.g. homes, hospitals, clinics

Human factors principles are applicable to this problem such as font size, label
design, use of color for discrimination, etc.

5
Design multiple labels and then test these in different lighting, different times of the
day, and under a variety of circumstances where they might be used to determine
which pair of labels are easiest to identify for a range of people.

Course Credits Grade
Chemistry I 3 3.0
Physics I 4 3.3
English Composition 3 2.0
Intro to Engineering 3 4.0
Calculus I 4 3.7
Seminar 1 2.7

Course Credits Grade
Chemistry II 3 3.7
Physics Il 3 3.0
Economics 3 3.3
Engineering Analysis 3 4.0
Calculus II 4 3.3
Seminar 1 3.0

GPA 3.206 GPA 3.424

Overall GPA 3311

Gradinq Notes: This problem is worth 5 points.
Assign 1 point if all the required in formation is presented,'
Assign 3 points for general formatting -- using fonts sizes, borders, etc to make date readable and
making sure that column widths are sufficient to present the information
Assign I point for correct data/formula for semester gpo and overall gpa.
If they give an answer of 3,315 or 3.32 for overall gpa, this is incorrect as they pro bably just took the
average of the 2 semester gpa's. Since the number of credits is different between the 2 semesters this
is incorrecf
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Question 3:
a) Source Voltage = 12

Current = 0.030

Voltage Power
Resistance Drop Consumed

Source Voltage = 12

Current = 0024

Voltage Power
Resistance Drop Consumed

Source Voltage= 12

Current = 0.020

Voltage Power
Resistance Drop Consumed

Grad!nq Notes: Worth 5 points
Assign 1 point for using the same number of significant figures (I don? care how many significant
figures they use; but they must be consistent)
Assign I point each for correct values for each part (a,b,c,d)
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Ri 130 2.600 0.052
R2 = 225 4.500 0.090
R3 = 45 0.900 0.018
R4 = 200 4.000 0.080
Totals= 600 12.000 0.240

Ri = 130 3.900 0.117
R2 = 225 6.750 0.203
R3 = 45 1.350 0.041
Totals = 400 12,000 0360

Ri = 130 4.875 0.183
R2= 225 8.438 0.316
R3 45 1.688 0.063
Totals = 400 15.000 0.563

Ri 175 4.200 0.101
R2= 100 2.400 0.058
R3= 225 5.400 0.130
Totals = 500 12.000 0.288

Source Voltage = 15
Current = 0.038

Voltage Power
Resistance Drop Consumed
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Question 4:
The function is roman(number, form) DCCXXXVI

Drag the boundary on the right side of the column heading until the column is the width you
want. From the Format menu, point to column, then select column width and select a width you
want; You can also double click the boundary to have column fit the content

On the Tools menu, click Options, and then click the Save tab. Select the Save AutoRecover
info every check box. In the minutes box, specify how often you want your Microsoft Office
program to save files. The autorecover file location is specified in this same menu box right
below where you specify the time interval

From the tools menu, select autocorrect. You can then modify the "("C) so that is does not
change to ©

average and stdev are two statistical functions, npv, and irr are two financial functions
EXAMPLES

1200
1300

-4569
average -6896667
standard deviation 3359.9733
npv ($38735)
irr 48%
Gradinq Notes: Worth 5 points
Assign 1 point for each part, a - e, for part e they can use any valid function

Question 5:
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Station Date Temp (C)
A02 02/01/02 23.5
A07 01/15/12 14.6
A02 02/15/02 0.5 original data
B05 02/03/02 20.0
B05 01/12/02 34.3
C12 01/05/02 20.2
A02 02/23/02 19.6
B05 02/01/02 22.3

Station Date Temp (C)
A02 02/01/02 23.5
A02 02/15/02 0.5
A02 02/23/02 19.6 problem 4 on page 53
A07 01/15/12 14.6
B05 01/12/02 34.3
B05 02/01/02 22.3
B05 02/03/02 20.0
C12 01/05/02 20.2
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Gradinq Notes: Worth 5 points
Assign 1 point for problems 4, 5, 6 and 2 points for problem 7
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Station Date TemD(C)
A02 02/01/02 23.5
A02 02/15/02 0.5
A02 02/23/02 19 6
A07 01/15/12 14.6 problem 5 on page 53
B05 01112102 34.3
B05 02/01/02 22 3
B05 02/03/02 20.0
C12 01105/02 20.2

Symbol Property Temp (C)
He Boil -268.9
Xe Melt -112.0
NE Melt -248.6
Ar Boil -185.8
Rn Boil -61.8 original data
Ar Melt -189.3
Kr Boil -152.9
Kr Melt -157.0
Rn Melt -71.0
Ne Boil -245.9

Symbol Property Temp (C)
Ar Melt -189.3
Ar Boil -185.8
He Boil -268.9
Kr Melt -157.0 problem 6 page 54
Kr Boil -152.9
Ne Melt -248.6
Ne Boil -245.9
Rn Melt -71.0
Rn Boil -61.8
Xe Melt -112.0

Symbol Property Temp (C)
Ar Melt -189.3
Ar -185.8
He -268.9
Kr Melt -157.0
Kr Boil -152.9 problem 7, page 54
Ne Mlt -248.6
Ne Boil -245.9
Rn Melt -71.0
Rn Boil -61.8
Xe Melt -112.0



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #2
ENGR 112

Winter 2004
25 points

Homework is due in the fourth week of the term before your lab starts. Homework must be submitted
electronically. Each problem should be on a separate worksheet. Submit only 1 workbook. Each
problem is worth 5 points.

l.Problem 5 on page 78 in your text book.

2.Problem 11 on page 78 in your text book.

3.You have collected data on the repair times for two machines that have been experiencing frequent
breakdowns. This data is shown below. You must label all axes on all graphs to receive full credit.
Use legends only when needed.

Prepare a bar graph showing the repair times for machine 1.

Prepare a separate bar graph showing the repair times for machine 2.

Prepare a single bar graph showing the repair times for both machines.

Calculate the average and standard deviation for both machine breakdown times.

What can you conclude about the reliability of the two machines from your analysis?
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4.The force exerted by a spring is given by F = -kx2 where F is the force, in newtons; x is the
displacement of the spring from the equilibrium position, in centimeters; and k is a spring constant.
Prepare an Excel worksheet including an x-y graph showing force as a function of distance for two
springs whose spring constants are 0.1 newtons/cm2 and 0.5 newtons/cm2, respectively. Plot both
curves on the same graph. For each spring, consider displacements ranging from 0 to 20 cm. You
must label all axes on all graphs to receive full credit. Do not show individual data points since you
are graphing an equation.

Breakdown No. Machine 1 (mm) Machine 2 (mm)
1 12.1 22.5
2 27.8 15.1
3 18.5 8.2
4 6.5 11.9
5 24.6 7.7
6 33.7 19.4
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

5.Quality Motor Company (QMC) is claiming that their cars have increased in quality more
significantly than the cars of their competitors. Given the following data for the company and two of
its competitors, create a graph that can be used to easily compare quality rates between QMC and
these competitors. Label all axes and include a legend only if needed. Indicate what type of graph
you decided to use and describe why this is the best way to present this data.
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Year QMC
Avg. # Years Until

Repairs are
Needed

Competitor 1
Avg. # Years Until

Repairs are
Needed

Competitor 2
Avg. # Years Until

Repairs are
Needed

1986 2.6 2.8 1.9
1987 2.3 3.0 2.0
1988 2.5 2.8 2.1
1989 2.5 3.0 1.9
1990 2.8 2.8 2.1
1991 1.9 3.0 1.9
1992 3.0 3.0 1.9
1993 3.1 3.0 2.0
1994 2.8 3.0 2.0
1995 3.2 2.8 2.0
1996 3.6 2.8 1.9
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Conthuied)

Homework #2 ENGR 112 Grading Instructions and Grading Criteria

Question 1:

Gradinq Notes: 5 points for getting the correct formula. Partial credit if the formula is correct, but n
and rare switched

Question 2:

Gradincj Notes:
Verify that there is a recorded macro
Try running the macro on a 3X3 matrix
5 points if fully functional; partial credit if the macro exists, but is not fully working. Here is the
macro / wrote for comparison

Macrol Macro
'Macro recorded 12/20/2003 by Erick & Toni Doolen

Keyboard Shortcut: Ctrl+m

ActiveCelLOffset(4, 0) .Range("Al ").Select
ActiveCell. FormulaRl Cl "Determinant
ActiveCelLOftset( 1, 0) .Range("Al ") .SeIect
ActiveCell.FormuIaRlCl = "Inverse'
ActiveCetl.Offset(1, 0).Rangeç'Al") Select
ActiveCell.Columns("A:A").EntireColumnEntireColumnAutoFjt
ActiveCeII.Offset(-2, 1).Range('Al ").Select
ActiveCell. FormulaRl Cl = "=MDETERM(R[-4}C{..1 J:R[-2]C[1 1)"
ActiveCell.Offset( 1, 0). Range("Al ") Select
ActiveCell. FormulaRl Cl = "=MINVERSE(R[-5}C[-1 }:R[-3]C[1 ])'
ActiveCell.Offset(-5, -1). Range('Al ').Select

End Sub
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n 8 52
r 6 5
formula 28 2598960

2 5 4
3 2 7
4 7 1

Determinant 83
Inverse -0.56627
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Question 3:

40.0
35.0
30.0

. 25.0
20.0
15.0
10.0
5.0
0.0

Machine 1 Breakdown times

L

27.6

Breakdown nung,er

Machine 2 Breakdown times

Breakdown number

26.4

33.7

Breakdown No. Machine 1 (mm) Machine 2 (mm)
1 12.3 22.5
2 27.8 15.7
3 18.5 8.2
4 6.4 12.3
5 26.4 7.9
6 33.7 19.4

' 25.0

20.0

15.0-
10.0-
5.0

225
19.4

15.7

.2

0.0

1 2 3 4 5 6

Average 20.9 14.3
Standard
Deviation 10.3 6.0

Machine 2 is more reliable than machine one. It has lower breakdown times and a lower
amount of variability in the breakdown times.

1 2 3 4 5 6
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

-

Machine Breakdown Times

1 2 3 4 5 6

Breakdown nurther

Gradinq Notes: Worth 5 points total
All axis should be labeled on all 3 charts (deduct 1/2 p1)
Legend should be on the 3rd chad only (deduct 1/2 pt)
Each part is worth 1 point.

Question 4:

fl Machine 1

Machine 2
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Displacemerit(cm) k= 0.15 newtons/cm2 k= 0.55 newtons/cm2
0 0.000000 0.000000
1 -0.150000 -0.550000
2 -0.600000 -2.200000
3 -1350000 -4.950000
4 -2.400000 -8.800000
5 -3.750000 -1 3.750000
6 -5.400000 -19.800000
7 -7.350000 -26.950000
8 -9.600000 -35.200000
9 -12.150000 -44.550000

10 -15.000000 -55.000000
11 -18.150000 -66.550000
12 -21.600000 -79.200000
13 -25.350000 -92.950000
14 -29.400000 -107.800000
15 -33.750000 -1 23.750000
16 -38.400000 -1 40.800000
17 -43.350000 -158.950000
18 -48.600000 -178.200000
19 -54.1 50000 -198.550000
20 -60.000000 -220.000000

U)
w

40.0

= 30.0

20.0

U)
w

0.0



-10.000000

-30.000000

.S. -50.000000
0

-70.000000
U.

-90.000000

Force as a function of distance

Displacement (cm)

-k= 0.15 newtons/cm2 -k= 0.55 newtons/cm2
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Gradinq Notes: 5 points for this problem
All a'cis and graph should be labeled else deduct 1 point
Must have a legend else deduct 1 point
Should cover entire range from 0 - 20 cm for displacement/distance 1 point
Should not have individual data points showing, but should have the line displayed on an xy graph. 1 point
Correct formulas for the two lines I point

Question 5:

Year QMC

Avg. # Years Until
Repairs are Needed

Competitor 1

Avg. # Years Until
Repairs are Needed

Competitor 2

Avg. # Years Until
Repairs are Needed

1993 2.5 2.8 1.8

1994 2.3 3.0 2.0

1995 2.5 2.9 2.1

1996 2.5 3.0 2.0

1997 2.8 2.8 2.1

1998 2.5 3.0 1.9

1999 3.2 2.9 1.9

2000 3.1 3.0 1.8

2001 2.8 3.0 2.0

2002 3.3 2.8 2.0

2003 3.6 2.8 1.9

0 5 10 15 20



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

4.0

Average number of years until repairs are needed

V
a)

a)
o(j)s).

a)

2.0
C

C',

CC'

>c: 1.0

F,,,, F,,,,,
Year

With a line graph, you can easily see changes (both increases and decreases in quality levels for all 3
companies. Other types of graph would not make this as visible.

Gradinq Notes: Worth 5 points
Must have legend if they have all companies on the same graph (1 point)
Graph displays the correct data (1 point)
Reasonable scale used for quality data (1 point)
Axes must be labelled (1 point)
Justification for graph (1 point)

-4--QMC
Competitor 1

Competitor 2
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Homework #3
ENGR 112

Winter 2004
25 points

Homework is due in the fifth week of the term before your lab starts. Homework must be submitted
electronically. Each problem should be on a separate worksheet. Submit only 1 workbook. Problems
1 - 5 are worth 3 points. Problems 6 and 7 are worth 5 points.

I When you want to extract vanilla from vanilla beans, you usually grind the bean to speed the
extraction process, but you want very uniformly sized particles so that the vanilla is extracted from
all of the particles at the same rate. If you have a lot of different-sized particles, the small particles
extract faster (removing the vanilla and some poorer flavored components), while the larger
particles may leave the process incompletely extracted. A sample was collected form the vanilla
bean grinder and split into 40 parts. The average particle size of each part was determined. The
following data were collected.

Calculate the average, median, mode, mm, max, and standard deviation of the particle sizes
in the sample.

Construct a histogram, based upon a reasonable interval width. Bars on the histogram must
have a gap of 0, i.e. they should be touching each other.

Construct a cumulative distribution. Show the cumulative distribution.
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Sample Size (urn) Sanple Size (urn)
1 91 21 150
2 157 22 114
3 105 23 137

4 116 24 99
5 135 25 116
6 138 26 106
7 147 27 115

8 129 28 120
9 88 29 157

10 152 30 128

11 147 31 165
12 117 32 139
13 64 33 115

14 94 34 163

15 112 35 138
16 115 36 139
17 116 37 101

18 122 38 131

19 98 39 110
20 113 40 130
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2. An engineer is responsible for monitoring the quality of a batch of 1000-ohm resistors. To do so,
the engineer must accurately measure the resistance of a number of resistors within the batch,
selected at random. The results obtained are shown below. Enter the data into an Excel
spreadsheet and then analyze the data as follows:

Calculate the average, median, mode, mm, max, and standard deviation.

Construct a histogram, based upon a reasonable interval width. Bars on the histogram must
have a gap of 0, i.e. they should be touching each other.

Construct a cumulative distribution. Show the cumulative distribution.

Based upon the cumulative distribution for this random sample, how likely is it that a resistor
selected at random will deviate from the target value of 1000 ohms by more than 2 percent,
either above or below?

3. The following measurements of voltage versus time were obtained for a capacitor. Fit an
appropriate equation to the voltage versus time data. Use the resulting equation to answer the
following questions:

What voltage would you expect after 1.5 seconds?

What voltage would you expect after 15 seconds?

How long will it take for the voltage to decline to 1.5 volts?

How long will it take for the voltage to reach 0.17 volts?
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Sample No. Resistance(Ohms) Sample No. Resistance(Ohms)
1 1006 16 960
2 1006 17 976
3 978 18 954
4 965 19 1004
5 988 20 975
6 973 21 1014
7 1011 22 955
8 1007 23 973
9 935 24 993
10 1045 25 1023
11 1001 26 992
12 974 27 981
13 987 28 991
14 966 29 1013
15 1013 30 998

Seconds Voltage Seconds Voltage
0.60 9.8 6

1 5.9 7 0.4
2 3.9 8 0.3
3 2.1 9 0.2
4 1.0 10 0.1
5 0.8
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4. An experiment was performed varying the pressure applied during a sheet-pressing phase in the
manufacture of paper. The response variable is called the tear factor. The tear factor is calculated
as the percentage of a standard force that is necessary to tear the paper. Four sheets of paper were
selected arid tested from each of five batches of paper made at different pressures. Plot the tear
factor vs. pressure where pressure is the explanatory variable, Can the data be represented by a
linear model? Why or why not? What value would you expect the tear factor to be at a pressure
of 65? Explain how you obtained this answer. Predict the tear factor that you would expect at a
pressure of 200. Explain how you obtained this answer.
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Pressure Tear Factor
35.0 112.0
35.0 119.0
35.0 117.0
35.0 113.0
49.5 108.0
49.5 99.0
49.5 112.0
49.5 118.0
70.0 120.0
70.0 106.0
70.0 102.0
70.0 109.0
99.0 110.0
99.0 101.0
99.0 99.0
99.0 104.0

140.0 100.0
140.0 102.0
140.0 96.0
140.0 101.0
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The following data was taken from the July 2001 issue of Consumer Reports. The study focused
on comparing features of portable CD players. One feature included in the study was battery life.
The data from this study are summarized below. From these data, develop a straight-line
correlation (equation) for CD price as a function of battery life. Include a graph of the data points;
the least squares fit line; and r . Based on your results, how well are the data represented by the
straight-line relationship? Would you expect this relationship to be well represented by a straight
line? Why or why not?

For the equation shown below: )' = 10 + 8x - x2

Determine how many roots exist for this equation using the graphical method. Your final
graph should display all roots.

Find the root(s) using Goal Seek.

Find the maximum of this equation using Solver.

Find the maximum of this equation with the constraint that x < 3.

7. Multiloop circuits are analyzed using Kirchhoff's laws of voltage and current. In the circuit below
(containing 3 resistors and one power supply) it is possible to use Kirchhoff's laws to find the
currents ii, i2, and i3 flowing through the circuit.

Solve the following 3 equations simultaneously to
determine the values of the current through

resistor 1, resistor 2, and resistor 3.

i 2'3 = 0
30i1+40i2 =12
30i1 + 50i3 = 12
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Portable CD Player
Model Battery life (hrs) Cost ($'s)

Sony D-MJ95 26 130
Sony D-SJ17CK 29 160
Sony D-SJO1 33 200
Sony D-EJ611 26 80
Sony D-SJ15 25 130
Panosonic SL-SX280 23 50
AiwaXP-SP911 23 80
Panasonic SL-SW869V 23 170
AiwaXP-V713 20 70
Panasonic SL-CT470 12 100
Philips AZ9213 17 80
GPXC3948B1 8 60
RCA RP-2360FM 10 65
Lennox Sound CD-91 7 55
RCA RP-2300 12 40
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Homework #3 ENGR 112 Grading Instructions and Grading Criteria

Question 1:

Histogram of Vanilla Bean Particle
Size

5çc'
b ro bb o b

C) ( \
Particle Size (urn)

1 20.00%

100.00%

80.00%

60.00%

40.00%

20.00%

.00%

Gradinq Notes: Worth 5 points
2 points for correct values of mean, median, mode, etc
2 points for correct histogram; they may use different bin size than (did
I point for cumulative distribution; gap between bars should be 0
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average 123.70
Median 119
Mode 115
mm 64
max 165
std dev 22.27

Bin Frequency Cumulative %
64 1 2.50%

80.83333 0 2.50%
97.66667 3 10.00%

114.5 7 27.50%
131.3333 14 62.50%
148,1667 9 85.00%
More 6 100.00%
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10

Histogram of Resistance values

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

.00%
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Approximately 40% will be less than 980 and 4- 8% will be more than 1020.
So we would expect about 50% of the resistors to deviate from the target value by more or less than 2%
Gradinq Notes: Worth 5 points
2 points for correct statistics
2 points for correct histogram including cummulative distribution
1 point for correct answer to the question about how many will deviate bymore than 2 %

Bin Frequency Cumulative %
935 1 3.33%
957 2 10.00%
979 9 40.00%

1001 8 66.67%
1023 9 96.67%

More 1 100.00%

Question 2:

Mean: 989
Medan: 990

Mode: 1006
Mm: 935
Max: 1045

Stan 0ev: 24
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Question 3:

5.13
0.171178

12.0

10.0

8.0

6.0

4.0

2.0

0.0

y = 8.38 1 5&4362X
Voltage as a function of Time

R2 = 0.9864

0 2 4 6 8 10 12

Time (seconds)
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Either a polynomial or exponential fit provide a reasonable fit to the data as illustrated by R2 values
that are <0.90.

both polynomial and exponential work to fit the data; the polynomial provides a better fit, but is
much more complex than exponential fit

Time 1.5 15 3.56
Voltage 4.733905 -251.644 1.498437

Voltage as a function of Time
y = 0.0001x6 - 0.0039x5 + 0.0455x4 - 0.2845x3 +

1.2871x2 - 4.7843x+ 9.7727

12.0
R2 0.9986

10.0
Cl)

8.0
>
a 6.0

>2.0
0.0

0 2 4 6 8 10

Time (seconds)
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I expect the voltage to be 4.73 volts after 1.5 seconds
After 15 seconds the voltage would be -251.64 based on the equation, which illustrates why we

shouldnt predict beyond the data we have
The voltage after 3.55 - 3.56 seconds is approximately 1.5 volts

The voltage reaches 0.17 after 5.13 seconds

Grading Notes: Worth 5 points
Assign 1 point for getting a graph and a fitted line -- they can have the fitted line be exponential or
polynomial
Assign 2 points for answering the first 2 questions correctly
Assign 2 points for answering the next 4 questions correctly

Question 4:

140.0

120.0

100.0

80.0

60.0 -

40.0

20.0

0.0

0.0 50.0 100.0 150.0
y=0.1082x+ 114.66Pressure (psi)

R2 0.41 09
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The linear model is not too good since R2 is pretty low (0.41)
At a pressure of 65, I would expect the team factor to be approximately 107
I cant predict the team factor at a pressure of 200 since this is outside of range of data used to
construct model

Gradinq notes: Worth 5 points
3 point for labelled graph, with fitted line and equation
1 point for prediction near 109 at pressure of 65; okay if theysay it is not a good enough fit to predict
1 point for saying you can't predict at a pressure of 200 since it is well outside of the data used to
construct the model.



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Question 5:

250

200

150

ri:o

If long-life batteries were a significant percentage of the cost of the CD player, I would expect the
relationship to be somewhat linear
There is some evidence that the relationship is linear, but the r2 value of 0.72 suggests
that other factors may also play a role in determining the cost of a CD player.
Gradinq Notes: 5 points
2 point for graph and fitted line; should have equation for line and r2 value on graph
1 point for answer to first question
2 points for answer to the second question

Question 6:

0

Solving an equation
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y = 4.6567x + 16.19

R2 = 0.7298Cost vs Battery Life Performance

30 3510 15 20 25

Battery Life (hours)



Gradinq Notes:worth 5 points
1 point for graphing the function completely
1 point for saying that there are 2 roots
1 point for finding roots using Goal seek
I point for finding max using solver
I point for finding max with the constraints

Question 7:

ii 0.21 amps
12 0.11 amps
3 0.10 amps
yl 0.104194946
y2 -1 .05877E-06
y3 -5.04079E-06

g(y) 0.010856587

Gradinq notes: 5 points
1 point for labeling spreadsheet
3 points for correct formulas for y 1, y2, y.3
1 point for correct formula for gy
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a) Two roots exist

b) x 8.908343 one root found by goal seek
f(x) -0.00017 8.908343

x -1.90833 second root found by goal seek
f(x) -1.6E-06 -1.90833

c) x 3.5 Maximum found at x = 4
f(x) 29.25

d) x 3 Maximum found at x 3
f(x) 29 with constraint that x <=3
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Homework #4
ENGR 112

Winter 2004
25 points

Homework is due in the sixth week of the term before your lab starts. Homework must be submitted
electronically. Each problem should be on a separate worksheet. Submit only 1 workbook. Problems
1 and 2 are worth 2 points, problem 3 is worth 3 points, and problems 4 - 6 are worth 6 points each.

1. Suppose a student deposits $5,000 in a bank account when she graduates from college. The bank
pays interest at 5 percent per year. Using Excel, determine how long it will take for her money to
double if the interest is compounded

annually?

quarterly?

monthly?

daily?

2. A company plans to borrow $150,000 to equip a product-testing lab. If the company must repay
$275,000 after seven years, what interest rate is being charged? Assume annual compounding.
Use Excel to determine a solution.

3. Which would have a greater present value? (Assume an interest rate of 7 percent, compounded
annually.)

$10,000 five year from now.

$12,500 eight years from now
4. An electronics firm is planning to invest $1,500,000 to develop a new product. It is assumed that

the company will receive a return of $250,000 a year for 10 years from the sale of this product,
beginning at the end of the first year. To what interest rate does this correspond, assuming annual
compounding? Is this a good investment? Solve using Excel.

5. An engineer plans to borrow $80,000 in order to buy a house. Suppose the interest rate is 9
percent per year, compounded monthly. Solve the following questions using Excel

\Vhat will be the engineer's monthly payment if the payback period is 30 years?

How much interest will be paid on the load over the entire 30-year period
6. A chemical company has developed a new lightweight, high-strength plastic. The company is

planning to spend $20 million for a manufacturing plant to begin full-scale production. As a
result, the company expects to receive $2.4 million a year for 10 years, beginning at the end of the
first year. Use Excel to determine the corresponding interest rate, assuming annual compounding.
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #4 ENGR 112 Grading Instructions and Grading Criteria

Question 1:

Gradfnq notes:
1 point for each part -- look for correct formula and correct answer
5 points total (these are probably solved using goal seek)

Principle Interest Rate(annual) FV N (years)
$8,000 0.04 $16,000 18

F(n) $0
n 17.6729879

Principle Interest Rate(quarterly) FV N (halves)
$8,000 0.04 $16,000 35

F(N)= $0
N= 35 .0027888

N
Principle Interest Rate(civarterlv) Pt (auarters)

$8,000 0.04 $16,000 70

F(N)= $0

N= 69.6607169

Principle Interest Rate(monthlv FV N (months)
$8,000 0.04 $16,000 208

F(N)= $0.00
N= 208.290536

Principle Interest Rate(dailv) FV N (days)
$8,000 0.04 $16,000 6325

F(N)= $0.00
N= 6325.31 459
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The interest rate being charged is 9.17%

Gradinq notes:
1 point for using the formula as / did in C4 and 1 point for using Goal Seek/Solver(04)
2 points total

Question 3:

$12,500 8 years from now has a greater present value
Gradinq notes:
1 point for correct formula/setup -- see cells B5 and C5

This corresponds to an interest rate of 10.56% per year. In other words the return on the
project is 10.56%.
This is a good investment
Graclinq notes:
1 point for correct formula/setup -- see cell 85. It is also okay if they used the irr function
1 point for correct final answer -- make sure they answer the question in addition to setting LI
the problem

/ have shown both ways, but the student gets full credit if they do one or the other.
2 points total
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Question 2:

2 points total

Question 4:

I point for correct answer -- make sure they answer the question in addition to setting up the problem

P 1500000 0 -1500000
A 250000 1 250000
I 10.56% 2 250000
n 10 3 250000
f(I) -1.9E-08 4 250000

5 250000
6 250000
7 250000
8 250000
9 250000

10 250000
10.56%

a b

F 10000 12500
n 5 8

I 0.06 0.06
P 7472.582 7842.655

P 145000
F 268000
n 7

9.17% 0.091716 7.74E-09



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Question 5:

Monthly
Principle Interest Rate N Payment Interest
$82,000 0.0075 360 $659.79 $155,524.60

659.7905459
F(A)= 0

Grading notes:
1 point for correct formula/setup -- see cell D7
1 point for correct answer-- make sure they answer the question in addition to setting up the problem
2 points total

Question 6:

349

The corresponding interest rate on this investment is 346%, assuming annual compounding
Gradinq notes:
1 point for correct formula/setup -- they can use the formula / did in E5 with Goal Seek/Solver or IRR
1 point for correct answer.
2 points total

Year Cash Flow P 20000000
0 -20000000 A 2400000
1 2400000 n 10
2 2400000 I 0.0346015
3 2400000 f(l) 6706E-08
4 2400000
5 2400000
6 2400000
7 2400000
8 2400000
9 2400000

10 2400000

3.46%



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #5
ENGR 112

Winter 2004
25 points

Homework is due in the seventh week of the term before your lab starts. Homework must be
submitted electronically. Each problem should be on a separate worksheet. Submit only 1 workbook.
Each problem is worth 5 points.

A company is considering two investment alternatives. Each involves an initial investment of
$10,000,000. It is estimated that the first alternative will return $1,800,000 at the end of each year
for 10 years. The second alternative should return $1,500,000 at the end of each year for 12 years.
If the company normally receives 10 percent per year on its investments, which alternative should
the company select? Solve using Excel.

Consider the following cash flow:

350

Determine the present value of the cash flow for several different interest rates. Choose a
large enough range of interest rates (beginning with i = 0), so that the present value becomes
negative for large interest rates.

Plot the present value against interest rate.

Determine the internal rate of return by observing where the curve crosses the abscissa (i.e. at
what interest rate does the present value of the cash flow equal zero?)

Determine the internal rate of return using the IRR function in Excel and compare with your
answer to part c.

End of Year Revenue($'s) End of Year Revenue ($'s)
0 -10,000,000 7 5,000,000

-8,000,000 8 6,000,000
2 0 9 5,000.000
3 1,000,000 10 4,000,000
4 2,000,000 11 3,000,000
5 3,000,000 12 2,000,000
6 4,000,000 13 1,000,000



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Contirnied)

3. A car manufacturer plans to invest $27 million in order to expand its production facilities. Two
different proposals are being considered. The first proposal is to expand a current Midwestern
assembly plant. This will allow the manufacturer to produce an additional 50,000 cars a year at an
average net profit of $200 per car. The second proposal is to build a new assembly plant on the
West Coast. This facility will have an annual output of only 40,000 cars per year, but he profit is
expected to be $300 per car.

The Midwestern plant can begin production during the first year (i.e. the same year that the initial
investment is made). However, the West Coast plant requires a one-year startup, so that
production will not begin until the second year. For planning purposes, each assembly plant is
assumed to have a lifetime of five years of actual production.

If the company uses an annual interest rate of 12 percent, compounded annually, which is the
better proposal? Solve using Excel.

Determine which investment is more attractive, based upon the internal rate of return.

Explain any apparent anomalies by plotting present worth against interest rate for each of the
cash flows.

4. The following cash flows describe two competing investment opportunities resulting from a
research and development project in your company. Use Excel to compare and analyze these cash
flows:

351

Determine which investment is more attractive, based upon present value using an interest
rate of 5 percent, compounded annually.

Determine which investment is more attractive, based upon the internal rate ofreturn.
If the company requires an interest rate of 10%, which project should be chosen? Why is this
different then part a? Explain this difference with both text and a graph.

5. Complete the following problems from your text book. The problems are located on page 193:
Problem 1

Problem 3

End of Year Revenue Proposal A Revenue Proposal B
0 -500,000 -500,000
1 150,000 50,000
2 150,000 70,000
3 150,000 100,000
4 150,000 200,000
5 150,000 400,000
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #5 ENGR 112 Grading Instructions and Grading Criteria

Question 1:

Alternative 1
Pv

-$10,000,000
$11,230,901

Profit

Alternative 2
Pv

-$10,000,000
$10,383,052

Profit

Item
initial investment
annual return

$1,230,901

Item
initial investment
annual return

$383,052

The company should select the first alternative because the profit is larger. Alternative 1 has a
$1,230,901 profit, and alternative 2 has a $383,052 profit.
Gradinq notes:
3 points for correct formulas and setup. This is similar to what is presented on page 152 of their text
1 point for correct signs.
1 point for correct answer.
5 points total

Question 2:

0.09
0.09

$20,000,000.00

$15,000,000.00

$10 000,000.00

>
a-

$5,000,000.00

$0.00

$

($5,000,000.00) J

interest rate

l't Present Value

Type
$0
$0
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a.) b)
NPV

0.00 $18,000,000.00
0.02 $12,917,674.53
0.04 $8,730,768.10
0.06 $5,264,225.03
0.08 $2,380,570.73
0.10 ($28,822.04)
0.12 ($2,050,294.48)
0.14 ($3,752,863.99)

Nper Pmt FV
10 $0
10 -$1,750,000

iP Nper Pmt FV Type
0.09 12 $0 $0 0
0.09 12 -$1,450,000 $0 0

0
0
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

By looking at the chart you can see that the curve crosses the abscissa at the interest rate of 10%.

10%

Gradinq notes:
1 point for correct use of npv formula in part a
2 points for graph of the correct items (part b)
I point for correct answer to part c
1 point for correct answer to part d
5 points total

Question 3:

year Expand Existing Build New
0 -$27,000,000
1 $9,000,000
2 $9,000,000
3 $9,000,000
4 $9,000,000
5 $9,000,000
6 $0

$5,442,985.82
yearly profit for
expansion
yearly profit for new

Part A: Assuming an interest rate of 12% compounded annually, i

the NPV is higher

-$27,000,000
$0

$10,500,000
$10,500,000
$10,500,000
$10,500,000
$10,500,000

$6,794,776.90

$9,000,000
$10,500,000

is better to build a new plant since

353

Part BIC: It we were to base our decision on the value of the internal rate of return, we would choose
to take on the expansion project instead of building the new facility. This is different than the decision
we would make based on looking at the present value. To understand this look at the graph of
present values vs. interest rates. There is a cross over of the two functions at an interest rate of about
16- 17%.
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NPV of 2 Investments vs. Interest Rates
t $10,000,000.00

* $5,000,000.00
D

$0.00

($5,000,000.00)
Z ($10,000,000.00)

- Expansion - New
0% 10% 20% 30% 40%

Interest Rate(%)

Gradinq notes:
1 point for correct cash flows including the signs in problem setup
2 points for correct functions (npv) for the two investments and the correct response of the best
in vestment
2 points for the chart and describing the difference between the IRR and NPV recommendations
5 points total
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interest PV Exparisbn PV New
10% $7,117,080.92 $9,184,782.80
11% $6,263,073.16 $7,961,188.00
12% $5,442,985.82 $6,794,776.90
13% $4,655,081.35 $5,682,237.39
14% $3,897,728.72 $4,620,482.61
15% $3,169,395.88 $3,606,633.50
16% $2,468,642.88 $2,638,002.90
17% $1,794,115.46 $1,712,080.95
18% $1,144,539.19 $826,521.80
19% $518,714.01 ($20,868.62)
20% ($84,490.74) ($832,143.78)
21% ($666,140.98) ($1,609,226.84)
22% ($1,227,242.15) ($2,353,920.09)
23% ($1,768,743.20) ($3,067,913.60)
24% ($2,291,540.26) ($3,752,793.25)
25% ($2,796,480.00) ($4,410,048.00)
26% ($3,284,362.85) ($5,041,076.71)
27% ($3,755,945.87) ($5,647,194.37)
28% ($4,211,945.50) ($6,229,637.83)
29% ($4,653,040.09) ($6,789,571.14)
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Question 4:

Gradinq notes:
I point for correct answer to part a
1 point for correct answer to part b
3 points for correct answer to part c and correct graph and explanation
5points total

1= 0.05
PV= $140,351.21 $184,516.13

Proposal B is more attractive based on NPV

I RR 14.60% 13.94%

Proposal A is more attractive because it is higher than proposal B.

1= 0.14
PV= $7,267.47 ($922.28)

Project A is more attractive if the required rate of return is 14%
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From looking at the chart you can see that the two proposals cross some where in between 12% and

13%. If the interest is lower than the cross point then proposal B would be better to invest in, but when

the interest rate is higher than where the two proposals cross, you would choose A.

NPVA NPVB
1= 0 $240,000.00 $330,000.00
1= 0.01 $218,211.73 $297,769.99

0.02 $197,407.24 $267,206.75
1= 0.03 $177,530.12 $238,206.45
1= 0.04 $158,527.79 $210,672.74
1= 0.05 $140,351.21 $184,516.13
1= 0.06 $122,954.60 $159,653.46
1= 0.07 $106,295.23 $136,007.37
1= 0.08 $90,333.12 $113,505.88

0.09 $75,030.89 $92,081.90
1= 0.1 $60,353.55 $71,672.95
1= 0.11 $46,268.33 $52,220.70

0.12 $32,744.49 $33,670.75
1= 0.13 $19,753.22 $15,972.26
1= 0.14 $7,267.47 ($922.28)
1= 0.15 ($4,738.17) ($17,057.28)
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>
a.z

Question 5:

$350,000.00

$300,000.00

$250,000.00

$200,000.00

$150,000.00

$100,000.00

$50,000.00

$0.00

($50,000.00)

Interest vs. NPV

interest rate

2

Proposal A

Proposal B

Gradinq notes:
Assign 2 points for a functioning relative macro
deduct I point if it works, but only for specific cells.
Problem 1 from text is worth 2 points overall
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Prob'em 1

2 46
320000 3 15

287967.0327 6 46
257595.0651 9 89
228780.4922 36 56

0 45
1 49
5

3000000 6
4000000
5000000
6000000
5000000
4000000
3000000
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GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

My macro/code is shown below or you can view in the macro window. I have a variety test sets for
you to try it on.

Sub fillcells()

filicells Macro
Macro recorded 2/2/2004 by Erick & Toni Doolen

Keyboard Shortcut: Ctrl+o

Range(Selection, Selection. End(xlDown)).Select
With Selection.lnterior

.Colorindex = 3
Pattern = xlSolid

.PatternColorindex = xlAutomatic
End With

End Sub

Problem 3
Assign 3 points for a functioning relative macro
Deduct 1 point if it works, but only for specific cells.
Problem 3 from text is worth 3 points overall

Problem 2
My macro/code is shown below or you can view in the macro window.
Sub Sorter()

Sorter Macro
'Macro recorded 2/2/2004 by Erick & Toni Doolen

Keyboard Shortcut: Ctrl+Shift+X

Range(Selectiort, Selection. End(xlDown)) Select
Selection.Sort Keyl :=ActiveCell, Orderl:=xtAscending,

Header:=xlGuess,
OrderCustom:=1, MatchCase:=False, Orientation :=xlTopToBottom,
DataOptionl :=xlSortNormal

End Sub
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0.073513
0.170376
0.187207
0.221756
0.26056

0.306695
0.31169

0.316395
0.361 573
0.371283
0.388633
0.448775
0.47354

0.501942
0.527683
0.577771
0.583313
0.633206
0.689504
0.699086
0.767812
0. 784797
0.833122
0.851866
0.890308
0.920831
0.92228

0.930572
0.933927
0.978837

0.007693 Alex
0.05396 Betty

0.083389 Erick
0.083825 Garrett
0.15066 Gerald

0.152881 nicole
0.170919 Peggy
0.172383 Taylor
0.183193 Tim
0.223335 Toni
0.237956
0.282847
0.350583
0.375176
0.452043
0.534672
0.565627
0.574572
0.579897
0.581 598
0.657705
0.722285
0.765438
0.767984
0.802254
0.81 6393
0.840716
0.841133
0.880398
0.977561

358



APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #6
ENGR 112

Winter 2004
25 points

Homework is due in the eighth week of the term before your lab starts. Homework must be submitted
electronically. Submit only 1 workbook. Points for each requirement are noted.

The homework for the last half of the term will focus on using Visual Basic for Applications (VBA) to
solve various problems. In the first Visual Basic homework assignment, you will be creating a
product that can be used to complete some simple conversion calculations.

Prior to writing your program, develop a flow chart of the overall software design. Submit the flow
chart for the program you have created. This can be done in Excel with the AutoShapes drawing tool,
in MS Word or Visio. If the flowchart is created in another program, copy the flow chart to one of the
worksheets in the MS Excel Workbook containing your VBA program. Please label the worksheet tab
"flow chart." (5 points)

In this homework, you will design the form and write the code that will make the product function.
You can use the following template as a guide when designing your product, but personalize your
version so it is not an exact copy. Following are the software specifications:

The form should load as soon as the Excel spreadsheet is opened. (1 point)

The product must exit when the exit button (button with the "Exit" label for this example) is
clicked. (1 point)

The product will take two real numbers (distance in inches), add them together, and convert
them to centimeters (use 2.54 as the multiplier). In the example form shown, this happens
after the user has clicked the "Add and Convert Distance" button. (5 points)

The product must also display the solution to the user. in the example shown, the user entered
the numbers 12.5 and 6.8, clicked the "Add and Convert Distance" button, and the solution
was displayed to the user as "The total distance is 74.422 cm." (2 points)

Adjust font sizes of both labels and input boxes on your form to make it easy for the user
(assume that the user will only enter up to 1 decimal point). (1 point)

Organize the form in such as way that a user knows exactly how to use the program you have
created (use labels as needed). (1 point)

All objects on the form must be named (in the VBA editor) so that it is apparent what object
type is being used when we grade your code. (4 points)

All variables must be declared explicitly in your code. (3 points)

The form must include informative labels, a picture (the OSU logo in the example), and a title
label (the "ENGR 112" label in the example). (2 points)
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6dt Je lroert Frmat lods Dath Wflw

- 10 - H / 55 8 71 votTth9.
8

A Bc D

ENGR 112

Add Convert Distance

\Seet1 / 9et2J to7
Otaw- L 0Ut01he0-'
Peady

Distance 1 112.5
The tota) distance Is 74422 cm

Distance 2 16.8

EXIT
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Homework #6 ENGR 112 Grading Instructions and Grading Criteria

Flow chart example (5 points)

Ert

No

Yes

Ed

1 point each for correct type of
symbol and descrintion
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pomt (loads form when
Private Sub Workbook_Open() Excel spreadshee us opne.
Adder.Show This will be in a worksheet
End Sub file, not with the other code

Dim a As Single
Dim b As Single
Dim c As Single

Private Sub cmdbi Click()

a = Me.Texti3ox 1 .Text for coiTect

b = Me TextBox2 Text calculation md accepts entiy

c=2.54*(a+b) etc.

lhlanswer.Caption "The total distance is" & c &" cm." 2 points for output

End Sub

I point each; okay to declare
as double 3 points total

Private Sub cmdbexit Click()
Unload Adder
End Sub

1 point for exit function

1 point for reasonable choice of font size and labels on the form
1 point for reasonable organization of form
4 points for objects being named appropriately. I have underlined mine and put mine in
red; they should include some short-hand for the type of object
2 points for the form containing a picture (like the OSU logo) and a label of some sort
(Mine says ENGR 112, students can have anything they want).
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Homework #7
ENGR 112

Winter 2004
25 points

Homework is due in the ninth week of the term before your lab starts. Homework must be submitted
electronically. Submit only 1 workbook. Points for each requirement are noted.

Prior to writing your program, develop a flow chart and a hierarchy chart of the overall software
design. Submit the flow chart and hierarchy chart for the program you have created. This can be
done in Excel with the AutoShapes drawing tool, in MS Word or Visio. If the flowchart or hierarchy
chart is created in another program, copy the flow chart to one of the worksheets in the MS Excel
Workbook and copy the hierarchy chart to a second worksheet in the MS Excel Workbook containing
your VBA program. Please label the worksheet tabs "flow chart" and "hierarchy chart." (10 points)

Problem Statement

You have been hired to write a program that will calculate the cost of mailing a letter of a
given weight in ounces. The program will calculate either a domestic or international rate
depending on the user's selection. The rate information is shown below. You can assume
that only whole numbers will be entered. Your program will notify the user of the mailing
cost. For example, for a 1 ounce domestic letter, the program would display, "The postage is
$0.37." The program must end when the exit button is clicked. In addition to the program
functionality the following requirements must also be met.

The form should load as soon as the Excel spreadsheet is opened. (1 point)

The product must exit when the exit button (button with the "Exit" label for this example) is
clicked. (1 point)

You must name objects using the naming conventions used in class. (1 point)

You must explicitly declare variables using the appropriate data types. (1 point)

You may earn up to three extra credit points if your program checks for negative numbers,
and informs the user that the weight entered was an "invalid entry" using a dialog box. The
data entry box should also be cleared if the user enters a negative number.

Domestic Rates

First ounce $0.37

Each additional ounce $0.23

International Rates

First ounce $0.60

Each additional ounce $0.25
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #7 ENGR 112 Grading Instructions and Grading Criteria

The hierarchy chart is worth 5 points as noted below

Get input from
user

Postage Calculator

Calculate desired
postage

1) * 0.25

I point for having at least 3 levels
I point for input
I point for calculate
1 point for output
1 point for having domestic and international in 2 separate boxes

Display desired
value to user
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

The flow chart is worth 5 points as noted below:

Domestic
Button
selected?

Find international
postage
0.6 + (weight - 1) *

Find domestic
postage 0.37 +
(weight - 1) * 0.23

Display total
postage due to

Display total
postage due to

Select exit?

½ point for START
½ point for END
1 point for decision diamond (Domestic selected in my example?)
1 point for domestic calculation rectangle
I point for international calculation rectangle
½ point for select exit
½ point for display (trapezoid) they can have 1 or 2 displays
1 point for domestic option button and label
I point for international option button and label
1 point for input text box and label
I point for calcuJate postage button and label
1 point for exit button and label
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

This part is worth 10 points total:
You must name objects using the naming conventions used in class. (1 point) See
underlined/red words in my examples
You must explicitly declare variables using the appropriate data types. (1 point)

Option Explicit
Private Sub Workbook....Open() fl
postcalform.Show I point
End Sub __J

Option Explicit
Dim postagedom As Double
Dim postageint As Double
Dim value As Integer

Private Sub btncaicuiate Click()
value = Me.txtin.value
If Me.optbutdom.value = True Then
postagedom = 0.37 + (0.23 * (value 1))
Me.lbiout = "The postage is $" & FormatNumber(postagedom, 2)
Else
postageint = 0.6 + (0.25 * (value - 1))
Me. Iblout = "The postage is $" & FormatNumber(postageint, 2)
End If
End Sub

I point
Private Sub crnclexit Click()
Unload postcalform
End Sub

1 point for assignment
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Contirnied)

Solutions for students including extra credit portion of the problem
Option Explicit
Private Sub Workbook Open()
postcalforimShow
End Sub

Option Explicit

Dim postagedom As Double
Dim postageint As Double
Dim value As Integer

Private Sub btncalculateCljck()
value = Me.txtin.value
If value > 0 Then

If Me.optbutdom.value = True Then
postagedom = 0.37 + (0.23 * (value - 1))
Me.lblout = "The postage is $" & FonnatNumber(postagedom, 2)

Else
postageint = 0.6 + (0.25 * (value - 1))
Me.lblout = "The postage is $" & FormatNumber(postageint, 2)

End If
Else

MsgBox "Invalid Entry", vbOKOnly
Me.txtin.value =

End If

End Sub

Private Sub cmdexit_Click()
Unload postcalform
End Sub

Private Sub UserFormClick()

End Sub
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APPENTMX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Homework #8
ENGR 112

Winter 2004
25 points

Homework is due in the tenth week of the term before your lab starts. Homework must be submitted
electronically. Submit only 1 workbook. Points for each requirement are noted.

Prior to writing your program, develop pseudocode of the overall software design. Submit the
pseudocode for the program you have created. The Pseudocode can be written directly in Excel or
copied into one of the Excel worksheets from a program such as MS Word. Label the worksheet tab
to indicate where the pseudocode is located. (5 points)

In this homework, you will write a program that changes phone numbers written as letters to a number
format (e.g. GO BEAVS, as a phone number, is 4623287). Use the following table as a guide:

The product must accept any string that is written in capital letters. Strings may have any length. If
invalid input is entered (e.g. lower-case letters or numbers), a message box should inform the user of
this and the program should clear the text box and wait for the next string. The program must end
when the exit button is clicked. In addition to the program functionality the following requirements
must also be met.

The form should load as soon as the Excel spreadsheet is opened. (1 point)

- The product must exit when the exit button (button with the "Exit" label for this example)
is clicked. (1 point)

- You must name objects using the naming conventions used in class. (1 point)

- You must explicitly declare variables using the appropriate data types. (1 point)

- You may earn up to three extra credit points for additional formatting of either the output
to the user or other enhancements to the user interface (the form). Creativity will be
rewarded.
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS ANT) GRADING CRITERIA (Continued)

Homework #8 ENGR 112 Grading Instructions and Grading Criteria

The pseudorode is worth 5 points. It should contain the major tasks as shown below. The
wording and structure may vary slightly from this, but it should still make sense and be
structured similar to the program created by the student. I used the case statement in my
pseudocode, but some students may use if then else in their pseudocode. That is okay.

Get string from user
Do while not last letter (they may also say For first to last letter)

Assign letter to variable_current_letter
Select Case variable_current letter

Case ,''B' ,''''
Phone_number=phonenumber & "2"
Case ''1'' , ''E'', ''F''
Phone_number=phone_number & "3"
Case 'IT'',

Phone_number=phone_number & "4"
Case
Phone_numberphone_number & "5"
Case ' 'T' ',' 'I''',''''
Phone_number=phone_number & "6"
Case ''P'',''Q'',''IR'',
Phone_number=phone_number & "7"
Case '

Phone_number=phone_number & "8"
Case ' '\\T' ', 'X ',' ''i' ',''Z'
Phone_number=phone_number & "9"
Case Else
Tell user to enter a valid string
Clear text entry box
Exit program
Reset phone_number to

End Select
End do while
Display phone number
Clear text entry box
Reset phone_number to
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Objects (4 points)
1 point for label asking for phone numberentry
1 point for translate command button and label
1 point for exit button and label
1 point for phone entry box

Trss/ato 0
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Private Sub Workbook Open()
phonenumtrans.Show
End Sub

Option Explicit
Dim userinput As String
Dim counting As Integer
Dim currentLetter As String
Dim phoneNumber As String

Private Sub cmdExitClick()
End

End Sub

Next

End Sub

APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING C1UTERIA (Continued)

The first solution uses if/then/else statements. The second uses a case statement. Either is
fine. This part is worth 16 points. You can assign up to 3 bonus points for creativity/extra
effort.
1 point for object names clearly identifying object type.

phone number, in letters, input by the user

one letter from the phone number
output: the phone number in numbers

I point

1 point

Private Sub cmdTranslateClick()

userinput = Me.txtPhoneLetters.Text get user input
MetxtPhoneLetters = "" 'clear text box

For counting = 1 To Len(userinput) 4
'pull out each letter

currentLetter = Mid$(userinput, counting, 1) *

'and change it to a number
If currentLetter= "A" Or currentLetter = "B" Or currentLetter = "C" Then

phoneNumber = phoneNumber & "2"
ElseIf currentLetter = "D" Or currentLetter = "E" Or cunentLetter = "F' Then

phoneNumber = phoneNumber & '3"
Elseif currentLetter = "G" Or currentLetter "H" Or currentLetter = "I" Then

phoneNumber = phoneNumber & '4'
ElseIf currentLetter = "J" Or currentLetter = "K" Or currentLetter = "L" Then

phoneNumber = phoneNumber & "5"
ElseIf currentLetter = "M" Or currentLetter = "N" Or currentLetter = "0" Then

phoneNumber = phoneNumber & "6"
ElseIf currentLetter = "P' Or currentLetter = "Q" Or currentLetter = "R' Or currentLetter "S hen

phoneNumber phoneNumber & "7"
ElseIf currentLetter = "T" Or currentLetter = "U" Or currentLetter = "V' Then

phoneNumber = phoneNumber & "8"
ElseIf currentLetter = "W" Or currentLetter = "X" Or currentLetter = "Y" Or currentLetter =" Then

phoneNumber = phoneNumber & "9"
Else

MsgBox "Invalid input"
phoneNumber = " 'clear the phone number
Me.txtPhoneLetters,Setpocus 'put the cursor in the text box
Exit Sub

End If

1 point

Each of these is
I point; total 4
points

2 points

4 points for dealing
with invalid input

'display the phone number I point for
Me.lblPhoneNumber = "The phone number is: "& phoneNumber each of thesephoneNumber = "' 'clear the phone number for the next input
Me.txtPhoneLettersSetFocus 'put the cursor in the text box for 2 points

total
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APPENDIX K SAMPLES OF ENGR 112 HOMEWORK ASSIGNMENTS,
GRADING INSTRUCTIONS AND GRADING CRITERIA (Continued)

Private Sub WorkbookOpen()
phonenumtrans.Show
End Sub

Option Explicit
Dim userinput As String
Dim counting As Integer
Dim currentLetter As String
Dim phoneNumber As String

Private Sub cmdExit_Click()
End

End Sub

Private Sub cmdTranslateClickO

userinput = Me.txtPhoneLetters.Text 'get user input
Me.txtPhoneLetters = " 'clear text box

For counting = 1 To Len(userinput)
pull out each letter

currentLetter = Mid$(userinput, counting, 1)
and change itto a number

Select Case currentLetter
Case"A", "B", "C'

phoneNumber = phoneNumber & "2"
Case"D", "E", "F'

phoneNumber = phoneNumber & "3"
Case"G", "H","I"

phoneNumber = phoneNumber & "4"
Case"J", "K", "L"

phoneNumber = phoneNumber & "5"
Case"M", "N", "0'

phoneNumber = phoneNumber & "6"
Case"P", "Q", "R", "S'

phoneNumber = phoneNumber & "7"
Case"T', "U", "V'

phoneNumber = phoneNumber & "8"
Case "W", "X", "Y", "Z"

phoneNumber = phoneNumber & "9"
Case Else

MsgBox "Invalid input'
phoneNumber = 'clear the phone number
MetxtPhoneLetters.SetFocus 'put the cursor in the text box
Exit Sub

End Select

Next
'display the phone number

Me.IblPhoneNumber = "The phone number is: "& phoneNumber
phoneNumber = " 'clear the phone number for the next input
Me.txtPhoneLetters.SetFocus 'put the cursor in the text box

End Sub

'phone number, in letters, input by the user

'one letter from the phone number
'output: the phone number in numbers
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APPENDIX L CLASSROOM OBSERVATION PROTOCOL

Class Date Time Observer

1. Instructional strategies

What content is being taught? (in brief)

What are the instructional strategies e.g. direct instruction (lecture), collaborative or

group learning, project-based learning, individual tutoring (e.g. instructor, TA or

peer), instructor acting as a facilitator, etc.?

2. Student engagement and student activities

What is the main student activity for this time period (e.g. independent task or

individual assignment, experiential or hands-on learning, discussions, note-taking)?

How long is each classroom activity?

How do you rate the level of student engagement (e.g. off task, highly engaged) in

classroom activity?

Are there any situations when students are not engaged in the assigned task or other

class activities (distraction)?

3. Technology use

Is the MWT used for instructional delivery (e.g. Computer aided instruction, drill and

practice)?

Is the MWT used as a learning tool or resource (e.g. Internet research, programming

applications, etc.)?

How are MWT being used in this time period?

4. Assessment

Are there any student performance assessments in this time period? How?

Are there any situations where the instructor provides feedback to students or vice

versa?

5. Interactions

What kind of interactions (e.g. no interaction, one student with one other interaction,

group of students interaction, one student with one instructor (or TA) interaction,

instructor and groups of student interaction, whole class interaction, etc.) happen in

this time period? How often?
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dcomt

Any proposed change to the approved protocol, informed consent form(s), or testing
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enflicienttiiue for review and approval by the committee before any changes are
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reported immediately to the 1R13.

hi the event That a hnntan participant in this study mqeriencos an outcome that is not
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Protections Administrator within three days f the occurrence using the ADVERSE
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Institutional Review Board Co-Chairs
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TO: ToniDooleri,
Industrial and Mariutheturing Engineering

RE Impacts of Mobile Wireless Technology in Higher Education Classrooms
(Sttidezzt Researcher: Rwigchat Cbompu-inwai)

iRE Protocol No. 2411

The referenced project was reviewed under ths guidelines of Oregon State Unversity's
Institutional Review Board (IRB) The IRB has appruved the application. Thin approval
Ml! eqiire on 118(2005. This modification request was reviewed at the Expedited level. A
copy of this information will be provided to the full IRB committee.

Enclosed with this letter please find th approved informed consent document for this
project, which has received the IRB stamp, This information hae been stamped to ensure
that only cumsit, approved informed consent formsare used to enroll participants in this
study. All participants must receive the IRB-stamped informed consent document

Any proposed change to the approved protocol, informed consent form(s), or testing
instnuncnt(s) must be submitted using the MODIFICATION REQUEST FORM. Allow
sufficient time for review arid approval by the committee before any changes are
implemented, Immediate action may be taken where necessary to eliminate
apparent hazards to subjects, but this modification to the approved project must be
reported immediately to the IRB.

In lbs event that a human participant in this study experiences art outcome that is not
expected and routine and that results in bodily injusy and/or sychological,
emotional, or physical harm or stints, it must be reported to the IRE Human
?nctions Administrator within three days of the occurrmce iiting the ADVERSE
Evr FORM,

If a complaint from a participant is received. you will be contacted for further
information

PleasegototheIRBweba
http ://osu.or tedulrese rch/R sIatoyConpLiancc-IumanSubectshmi] to access
the MODIFiCATION REQUEST FORM and the ADVERSE Evsir Foroc as needed.

Before thc espiraliou date noted above, a StaIns Report will be sent to either close or renew
this project. Jt is imperative that the Status Report is completed and submitted by the due
date indicated or the prqject must be suspende4 to be compliant with federal polinies,

If you have any quest ons. please contact the IRB Human Protections Adniinistreior at
lRB(oicgpng.sdu or by phone at (541)737-3437.

Ccsniney CarKpbefl and Wayne Kradjan
Institutional Review Board Co-Climes

pc: 2411fl1e

j 1c4

379



APPENDIX M OREGON STATE UNIVERSITY'S INSTITUTIONAL REVIEW
BOARD (IRB) PROJECT APPROVAL LETTERS (Continued)

"so ItibiIiDrwI R!4rw Eoavd Ot5i. of Spanid Prormn gnd Rero C.rç4Iin.e
Orson am. UI*i.lity. 312 KT A&iiifla,i Corvi, roo 7t1 -21 40
T 54i-77.57 P.x 54-77.305 ) eao&fre1c.J.
tRarntat.o&j

380

TO: ToniDoolen
Industrial and Manufacturing Engineering

RE: The Impacts of Mobile Wireless Technobgy in Higher Education Classrooms
(Student Researcher: Ruogehat Chompa-inwai)

IRD Application No. 2411

The referenced proj act was reviewed under the gdelines of Oregon State Uthversity's Institutional
Review Board (IRD). The IRB has approved the application. This approval will expire on 12/112005.
This coolmuation request was reviewed at the E'mpethted level. A copy of this information will be
provided to the full IRS comnuttee.

Enclosed with this letter please find the roved informed consent documents for this prect, which
have received the IRB stamp. This inforrnatwn has been stamped to ensure that only current, ppmved
informed corocait forms are used to enroll participants in this study. All pathcipsnln jnut receive the
appropriate lRB-stenpmd inibuned consent dormant.

Any proposed change to the approved protocol, informed cexeat form(s), or
instrument(s) niust be submitted usuag the MODIFICATION REQUEST FORM.. Allow strflicient
time for review and approval by the comntitiee hefrmre any changes are implemented. Immediate
action may Sc taken where necessaty to eliminate apparent hazards to suljec1s, but this
modification to the approved project must be reported immediately to the IRB
In the event that a human participant in this study experiences an outcome that is not expected
and routine and that results in bodily injury andlor psychological, emotionaL or physical harm
or stress, it must be reported to the IRB Human Protections Adm atrator within three days of
the occurrence using the ADVERSE Eviwr Fo
If a complaint from a participant is received, you will be contacted for further information.
Please go to the IRS web site at: to access
the MODIA11ON REQUEST FORM acid the ADVERSE EVENT FORM as needed.

Before the expiration date noted above, a Status Report will be sent to either close or renew this
project It is imperative that the Status Report is completed and submitted by the due date indicated or
the project must be suspended to be compliant with federal policies.

If you have any questions, pleese contact the IRE Human P olectious Mministrator ax
IRS@QLgorIstate.edu or by phone ax (541) 737-3437.

iA I&U#LI
I'. CoiirmayCuiiell and Wayne Kradje.i
Institutional Review Board Co-Chairs
pc: 2411ffle

Dale:



APPENDIX N-i STUDENT SURVEY INFORMED CONSENT

1 OREGON STATE UNIVERSITY
INDUSTRIAL & MANUFACTUR INENGIN ''G

118 Covell Hall, Oregon State Univ. Corvallis, OR 9733 1-2407
Phone: 541.737.2365 FAX: 541.737.5241

The Impacts of Mobile Wireless Technology in Higher Education Classrooms
Principal Investigator: Dr. Toni Doolen
Student Researcher: Rungchat Chompu-inwai

We appreciate you taking a few minutes to assist the College of Engineering in assessing the
benefits of using Mobile Wireless Technology in your class. Your feedback will be used to
help direct future improvements in the course and to evaluate the use of Mobile Wireless
Device in the course. Please include the last 4 digits of your student ID on the top of the first
page of the survey. This will be used to match surveys from the beginning of the term with
surveys completed at the end of the term. Do not include your name or any other
identifier. Surveys will be kept in a secure location until the end of the quarter. After
surveys are matched at the end of the term, the codes will be removed from the survey.

Completing the survey is voluntary; there will be no penalty to your grade or your standing in
engineering if you choose not to participate. There are no foreseeable risks and no direct
benefits to participants who participate in this survey. You do not have to participate in this
survey.

The survey will take about 10-15 minutes.

Do not participate in this survey if you are under 18.

You are welcome to have your questions answered before you decide to participate in this
survey. Please ask any question you have prior to taking the survey or during the survey.
If you have any questions about this project at any time, please contact Dr.Toni Doolen at
toni.dooleii@orst.edu. If you have any questions about your rights as a research
participant, please contact the OSU Institutional Review Board (IRB) Human Protections
Administrator at IRB@oregonstate.edu or (541) 737-3437.

Thank you!
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APPENDIX N-2 STUDENT FOCUS GROUP INFORMED CONSENT

I OREGON STATE UNIVERSITY
INDUSTRIAL & MANUFACTURING
ENGIN ERING

118 Covell Hall, Oregon State Univ. Corvallis, OR 97331-2407
Phone: 541.737.2365 FAX: 541.737.5241

The Impacts of Mobile Wireless Technology in Higher Education Classrooms
Principal Investigator: Dr. Toni Doolen
Student Researcher: Rungchat Chompu.-inwai

We appreciate your time to assist the College of Engineering in assessing the benefits of using
Mobile Wireless Technology in your class. Your feedback will be used to help direct future
improvements in the course and to evaluate the use of Mobile Wireless Device in the course.

Do not include your name or any other identifier.

The focus groups will be use to determine the impact of using mobile wireless devices
(Personal Digital Assistants (PDA5), Laptop, PocketPC and Personal Response System Units
(PRS)) in engineering and nonengineering undergraduate level courses.

The focus group will be recorded on audiotape and field notes will be taken. The audiotape will
be kept in a secure location until after the quarter is over and final grades have been submitted.
The audiotape will be translated into notes by a facilitator (other than the instructor) and then
will be destroyed. The anonymous notes will then be provided to research personnel for
analysis.

The focus group will take about an hour.

Being in the focus group is voluntary; there will be no penalty to your grade or your standing in
engineering if you choose not to participate. There are no foreseeable risks and no direct
benefits to participants who participate in this survey. You do not have to participate in this
focus group. If you do not wish to continue the focus group, you may leave the room at
any time.

Do not participate in this focus group if you are under 18.

You are welcome to have your questions answered before you decide to participate in this
focus group. Please ask any question you have prior to participating the focus group or during
participating the focus group. If you have any questions about this project at any time, please
contact Dr.Toni Doolen at toni.doolen@orst.edu. If you have any questions about your rights
as a research participant, please contact the OSU Institutional Review Board (IRB) Human
Protections Administrator at IRB@oregonstate.edu or (541) 737-3437.

382



(Signature of Participant) (Date)

RESEARCHER STATEMENT

I have discussed the above points with the participant. It is my opinion that the participant
understands the risks, benefits, and procedures involved with participation in this research
study.
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APPENIJIX N-2 STUDENT FOCUS GROUP INFORMED CONSENT (Continued)

AUDIO RECORDING

By initialing in the space provided, you verify that you have been told that audio recordings
will be generated during the course of this study.

Participant's initials
Your signature indicates that this research study has been explained to you, that your questions
have been answered, and that you agree to take part in this study. You will receive a copy of
this form.

Participant's Name (printed):

(Signature of Researcher) (Date)



APPENDIX N-3 INSTRUCTOR SURVEY AND INTERVIEW INFORMED
CONSENT

I OREGON STATE UNIVERSITY
iNDUSTRIAL & MANUFACTI!RINGENGIJEERING

118 Covell Hall, Oregon State Univ. Corvallis, OR 9733 1-2407
Phone: 541.737.2365 FAX: 541.737.5241

The Impacts of Mobile Wireless Technology in Higher Education Classrooms
Principal Investigator: Dr. Toni Doolen
Student Researcher: Rungchat Chompu-inwai

We appreciate you taking a few minutes to assist the College of Engineering in assessing the
benefits of using Mobile Wireless Technology in your class. Your feedback will be used to
help direct future improvements in the course and to evaluate the use of Mobile Wireless
Device in the course.

Do not include your name or any other identifier.

Completing the survey and being interviewed is voluntary. There are no foreseeable risks and
no direct benefits to participants who participate in this survey.

You do not have to participate in this survey and interview.

The survey will take about 10-15 minutes. After you complete the survey, the facilitator
will collect the surveys. Then you will be interviewed. The interview will take about 30
minutes. The interview will be recorded on audiotape and field notes will be taken. The
audiotape will be kept in a secure location. The audiotape will be translated into notes by a
facilitator and then will be destroyed. The anonymous notes will then be provided to
research personnel for analysis.

You may discontinue the survey or interview at any time.

You are welcome to have your questions answered before you decide to participate in this
survey and interview. Please ask any question you have prior to taking the survey or during the
survey. If you have any questions about this project at any time, please contact Dr.Toni
Doolen attoni.doolen@orst.edu. If you have any questions about your rights as a research
participant, please contact the OSU Institutional Review Board (IIRB) Human Protections
Administrator at IRB@orgonstate.edu or (541) 737-3437.
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APPENDIX N-3 INSTRUCTOR SURVEY AND INTERVIEW
INFORMED CONSENT (Continued)

AuDIo RECORDING

By initialing in the space provided, you verify that you have been told that audio recordings
will be generated during the course of this study.

Participant's initials
Your signature indicates that this research study has been explained to you, that your questions
have been answered, and that you agree to take part in this study. You will receive a copy of
this form.

Participant's Name (printed):

(Signature of Participant) (Date)

RESEARCHER STATEMENT

I have discussed the above points with the participant. It is my opinion that the participant
understands the risks, benefits, and procedures involved with participation in this research
study.

(Signature of Researcher) (Date)
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE

A. Cost Estimation Program User Guide

This cost estimation program requires Microsoft® Excel 2002 or later to run.

To open this cost estimation program in Excel, set the Excel macro security level to

"medium" (also works with "low", but not recommended). Choose Tools > Macro>

Security > Security Level > Medium.

lools ata window help

pelling,,. F7

Error Checng.,.

Share Workbook,,

Erotection

Online Collaboration

5ol'er...

Formula Auditing

Tools on the Web,.

L acro

Add-Ins,,.

Customize..,

Qptlons,,.

Conditional Sum.,.

Lookup.,.

Anal

ecurity...

Visual Bsic Editor

Microsoft Script Editor

AIt+F1 I

Alt+Shift+Fl 1
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

ecurity Level Irusted Sources

C bgh, Only signed macros from trusted sources will be allowed
to run. Unsigned macros are automatically disabled.

!iedium. You can choose whether or not to run potentially
unsafe macros.

Low (not recommended). You are not protected from
potentially unsafe macros. Use this setting only if you have
virus scanning software installed, or you are sure all
documents you open are sale,

No virus scanner installed.

OK Cancel

Figure 1 The Tools menu includes macros security level setting

3. Excel's macro virus protection feature displays a warning dialog box when a user

opens a file that contains macros or other Visual Basic modules. When opening this

cost estimation program, Excel may warn you that the program contains macros. Click

the Enable Macros button.

C:\Documents and Settings\trasapong\My Documents\My
ResearchNWACCcosLEs5oftware xIs contains macros.

Macros ma' contain viruses. It is always safe to disable macros, but if ftie
macros are Igitimate, you might lose some FunctionaHty

Disable Macros Enable Macros j
Figure 2 Excel warning dialog box

More Info
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III)Jre(lleIfls thy Coal Calegol es)

2

4 Administrator
5 Instructor
6 Coordinttor
7 . Teaching Assistant

Others

9, Pactltties
1Q Space
it

. onosation Cost
Others

12

Equipment and materials
Mobile wireless devices

is Wireless access points
16 . Hard drives
17 Wireless cards
18 Firewall hardware
19:. Desktops

Cable

Fornishin6
Instructional equipment

Excel vorksheet

PeE lod

Wears)
Cost

for ct Estimation lbs Ingredients Approach

Software Toot for Cost Estimation

(The Ingredients Approach)

I I

2% 2.5'

N

3% 5% 10%
User -Speifie4
Interest Rate

Amoitizatiour Annualized Cost

r cost estimation
program dialog box

Figure 3 The cost estimation program dialog box and the Excel worksheet

The cost estimation program allows you to change, modify or edit your data by two

options:

- Editing data on the cost estimation program dialog box or

- Editing data on the Excel worksheet by simply entering new data in the cell.

The relevant cost calculations change automatically.

To save your data, choose File > Save as. Use the Save As dialog box that appears to

navigate to the folder (and disk, if necessary) in which you want to save the data.

Enter a name for the file in the File name box. Click the save button.
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

4. Excel will open the cost estimation program dialog box. Follow the instructions on the

dialog box. (Please read The Ingredients Approach in Section B for the definition of

each ingredient category and see Section C for each dialog box).



APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

Close your data file and exit Excel.

To re-open your data file, open your data file in Excel. When prompted for macro

virus protection warning, click the Disable Macros button. Only the Excel worksheet

with your data will be opened (the dialog box will not be opened). You may also edit

your data from this page. The relevant cost calculations change automatically.

B. The Ingredients Approach

The steps for cost estimation in this program are based on Levin's ingredients

approach (1983, 1984) and are summarized in the following section:

1. Specify exact ingredients needed for a particular application.

The costs include only those additional or incremental resources required to reproduce the

application in new settings. The applications being evaluated for this study are mobile,

wireless environments within a higher education settings. The costs also include any

"opportunity costs" which are the cost of pursuing the alternative and giving up the ability

to use these resources in some other ways. Even contributed or donated resources are

included as ingredients. Ingredients with common properties are grouped together into

five categories -- personnel, facilities, equipment and materials, other inputs, and client

inputs (Levin & McEwan, 2001).

a. Personnel - includes all human resources required for the alternative. To

calculate the cost of instructor, for example, the proportion of time that instructors

devote to instruction and preparation in terms of percentage of a full-time position

is converted to cost based on instructor's base salary (yearly). Similarly, the same

concept can be applied for the cost calculation of administrator, coordinator,

teaching assistant, part-time employee, consultant, volunteer, etc. Please note that

costs in this category use a yearly base.
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

Facilities - refers to the physical space required for the alternative including any

classroom space, offices, storage areas, renovation cost or other building

requirements. Please note that space costs use a yearly base.

Equipment and Materials - refers to furnishings, instructional equipment, or

materials that are used for the alternative, including classroom and office furniture

such as computers, mobile wireless devices, audiovisual equipment, scientific

apparatus, books, machines, and other supplies.

Other inputs - includes costs such as liability insurance, maintenance, costs of

training, or Internet access fees; refers to all other ingredients that do not fit in the

categories listed above. Please note that costs in this category use a yearly base.

Client inputs includes any contributions that are required of the clients, for

example, required software programs and mobile wireless devices that students

have to purchase or any fees that students have to pay. Please note that some costs

of the ingredients in this category, such as annual fees, use a yearly base.

Specify cost and calculate an annual cost for each ingredient, as well as total annual

cost for the application.

When specifying the cost, please note that even though each individual student must pay

have for some costs, the costs must be specified for the whole class. For example, for a

class of 30 students, if each student has to pay a $10 annual technology fee, the cost of

this ingredient is equal to $300.

The annual cost is calculated based on the depreciation over the useful life of the facilities

and equipment, as well as the interest rate (please note that personnel, the other input

costs, and some ingredients in the client input categories already use a yearly base). The

summation of these costs provides an estimated total annual cost for each application.

Calculate cost per student by dividing total annual cost figure by number of students

served.

By using cost data for the same year, it is possible to obtain a uniform basis for

comparison.
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

C. The Cost Estimation Program Dialog Boxes and
Results Shown on Excel Worksheet

SowaepoLfor Cast Estimation (1Jpgrdjen4pproach)

The steps for cost estimation based on the ingredients
approach are as follow:-

Specify exact ingredients needed for a particular
application.

Specify cost and calculate an annual cost for each
ingredient, as well as total annual cost for the
application.

Calculate cost per student by dividing total
annual cost figure by number of students
served.

Next ->

Figure 4 Cost estimation program dialog box 1
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

Figure 5 Cost estimation program dialog box 2
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Please select cost ingredients and specify costs
(You csct amny app'es)

1. Personnel
Cost

r Adrnnistrator

r Instructor

r Coordinator

r Teaching Assistant

1 Other (Please specify)

<- Previous Next ->



APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

p II

2. Facilities

Spa

fl Renovation cost

1 Other (Please specify)

Please select cost ingredients, then specify amortization
periods and costs

(You can 8e18ct n7any cpc)

Amortization
Period (years)

<- Previous Next ->

Figure 6 Cost estimation program dialog box 3

Cost
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

Please select cost ingredients, then specify amortization
periods and costs
(You can s18ct as many as cpias)

3. Equipment and Materials Amortization
Period (years)

Figure 7 Cost estimation program dialog box 4

Cost

r Mobde weles devices

r Wireless access points

r Hard drives

1 Wireless cards

fl Firewall hardware

f Desktops

r Cable

F Furnishings

r Instructional equipment

r Materials used for alternatives

r Others (Please specify)
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

PLease select cost ingredients and specify costs

(You ci select c many ac appkc)

4. Other inputs Cost

r Trait-n time r coorator

r Training time for instructor

Maintenance

r Insurance

r Others (Please specify)

<- Previous Next ->

Figure 8 Cost estimation program dialog box 5
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

Please select cost ingredients, then specify amortization
periods and costs
(You can sect asmy as cpM)

5. Client inputs

r Mobe wire!ess devices

T Required software programs

r Fees

r Others (Please specAfy)

<- Previous

Amortization
Period (years) Cost

Next->

Figure 9 Cost estimation program dialog box 6
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APPENDIX 0 COST ESTIMATION PROGRAM USER GUIDE (Continued)

4, I I ' '4 I,

Number of StLidents

User-Spectfied
Inrest Ra
(Optonal)

Next->

Figure 10 Cost estimation program dialog box 7

Figure 11 Cost estimation program dialog box 8
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Figure 12 Results shown on Excel worksheet
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i 54e t ew jnsert FQrrnst loch Qata bndow etp

A B C 0 E F 0 H

1 Arnohl(zatian Annualized Cost

2

ftbglethenns(bycostCategortes) Peitod
(years)

Cost
2, 3'.., 5 10., Uset-Specified

3 Perswqnel
4 Administrator
5 Instructor 1750 1760.00 1750.00 1750.00 175000 1750.00
6 Coordinator
7 Teaching Assistant

B Others (Student labor) 7086 7086.00 7086.00 7086.00 7086.00 7006.00
9act(des
10 Space
11 Renovation cost
12:. Others
13 EquIpment artd materials
14 Mobile wireless devices 2 63967 32946.17 33187.82 33429,85 34401.76 36657 lB
15. Wireless access points
1 . Hard drives

Wireless cards
16 . Firewall hardware
19 . Desktopo
2 Cable

2) Furnishing
22 lnotructonal equipment
23 Materials used for alterrvatnseu
24 Others
26 Other inputs
26 Training time (ci coordinator
27 . Training time for instructor
28 ,. Maintenance
29 insurance

2250 2260.00 2260,00 2250.00 2250.00 2250 00

30 . Others

31 Chent Inputs
32 Mobile wireless devices
33 Required software programs
34 Fees

Others

36 ''rota) cccl per year 75063.00 44032,17 44273.62 44515.85 45487,76 47943.18
57 Castperstrident 606.27 355,10 357.05 359.00 366.64 38664




