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This was an experimental study designed to compare the effective-

ness of computer-assisted laboratory instruction to teacher-assisted

laboratory instruction based on student achievement in Elementary

Business Statistics. Computer-assisted laboratory materials and an

Elementary Business Statistics achievement test were evaluated.

Procedures

The setting of this experiment was at Southern Oregon State

College, Ashland, Oregon, with classes in Elementary Business

Statistics, during Winter quarter, 1975. Students were randomly

assigned to either the teacher-assisted laboratory (control group)

or the computer-assisted laboratory (experimental group). Both

groups used the same textbook and received the same lectures.

The teacher-assisted laboratory group received traditional class-

room instruction and traditional laboratory instruction with laboratory

assigned problems.



The computer-assisted laboratory group received traditional class-

room instruction and the same laboratory assigned problems, but had

use of the computer to solve the problems.

A fifty item criterion test was developed by the researcher and

was checked for reliability and validity. The criterion test was used

as the concomitant variable. The analysis of covariance controlled the

effects on the students achievement of differences in aptitude as

measured by this test.

Findings

Using the analysis of covariance to compare the control group and

experimental group on the basis of the adjusted scores received on the

criterion measure post-test, and controlling the students' scores on

the pre-test of the criterion measure, the following findings were

noted:

The adjusted mean score achieved on the criterion measure was not

significantly different for either group, whether as a total test or by

sub-divided test categories. The computed F for the total criterion

measure was .0009. For Category I of the criterion measure the com-

puted F was .0543. For Category II of the criterion measure the

computed F was .0160. None of the F-ratios were significant at the

.05 level of confidence.

A two factor analysis of variance compared mean scores based on

test question categories of recall, manipulative and interpretive, and

the treatments of a computer-assisted laboratory and teacher-assisted

laboratory treatments and their interaction effects. The computed F

for test question types of 176.0728 was significant at the .05 level.

T-values comparing mean scores for recall and manipulative, and



manipulative and interpretive type questions were found to be different.

The computed [-value for teacher-assisted laboratory treated students,

was -11.0105 and 10.5523 respectively. The computed t-values for

computer-assisted laboratory treated students, was -11.4056 and

10.825 respectively. These t-values were significant at the .05 level.

All other comparisons were not significant. Computed F values comparing

treatment mean scores and interaction mean scores were not found

significant at the .05 level of confidence.

The criterion measure was found to have a correlation of .3578

and was significant at the .05 level of significance.

Conclusions

The following conclusions were drawn based on and supported by the

data presented in this investigations

1) The criterion measure used in this study has reliability and

is a good measure of achievement for the first six chapters of

Elementary Business Statistics.

2) The students in Elementary Business Statistics who received

the computer-assisted laboratory achieved as well as the students who

received the teacher-assisted laboratory.

3) Through the use of a computer-assisted laboratory, it is

possible for the student to achieve as well as students receiving a

teacher-assisted laboratory and allow the student to choose the best

time for laboratory instruction.

4) Handling larger enrollments in Elementary Business Statistics

courses without additional staff will be possible chrough the use of

computer-assisted laboratories.



O 1975

DENNIS LAWRENCE VARIN

ALL RIGHTS RESERVED



An Analysis of a Computer-assisted Laboratory Method
of Instruction in Elementary Business Statistics

by

Dennis Lawrence Varin

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

Completed July 23, 1975

Commencement June 1976



APPROVED:

Redacted for Privacy

(92

Professor of Business Education 'and Secretari cience
(Emeritus) in charge of major

Redacted for Privacy

Coordinator of Business aua Distributive Education

Redacted for Privacy
Dean of School of ducation

Redacted for Privacy

raan of Gr uate School

Date thesis is presented July 23, 1975



ACKNOWLEDGMENTS

This study had many participants and contributors. The researcher

would like to express gratitude to the members of his graduate

committee, chaired by Dr. Fred E. Winger. Special thanks must be

expressed to Dr. Donald L. Beringson, who encouraged, pushed, and gave

that extra help that is so necessary.

I would also like to express my sincere gratitude to Dr. Gary L.

Prickett, who gave his time, counsel, and encouragement so freely

and generously.

To William R. Swick, who spent many hours in teaching the

laboratories, as well as making many valuable suggestions, I give my

sincere thanks and best wishes for his future.

To my wife, Mary Jo, who painstakingly reviewed, corrected, and

re-read all the material; and my sons, Toby and Randy, who patiently

and uncomplainingly withstood the pressure, my deepest appreciation

and affection.

My appreciation is expressed to all of the students, faculty,

and administrators of Southern Oregon State College who were so

cooperative in the development and collection of the data.



TABLE OF CONTENTS

Chapter page

I. Introduction 1

Purpose of the Study 2

Statement of the Problem 3

Need for the Study 4

Delimitations 6

II. Review of Related Literature 7

Implementation of Computers in the Educational Process 7

Types of CAI Developed for Use in Education 8

Some Successful Experiences in the Use of CAI in
Education.. 11

The Economics of CAI - Some Cost and Hardware
Consideration in Education 13

Some Criticisms and Fears about CAI in Education 15

Review of CAI Laboratories used in Statistics
Classes 17

III. The Experimental Design 19

Setting of the Experiment 19

Population of the Experiment 20

Determination of the Groups 20

Instructional Procedures 20

Description of Groups 21

Criterion Measure 22

Collection of the Data 27

IV. Findings 31

Pre-test and Post-test 31

Reliability of the Criterion Measure 31

Hypotheses 36

Analysis of Covariance 37

Analysis of Variance 41

V. Summary, Conclusions, and Recommendations 48

Summary 48

Experimental Design 48

Findings 5'

Conclusions .54

Recommendations 54

Recommendations for Further Research 55

Bibliography 56

Appendices
Appendix A 60

Appendix B 62

Appendix C ,080



Page

Appendix D 118

Appendix E 134

Appendix F 150

Appendix G 151

Appendix H 152

Appendix I 165

Appendix J 167

Appendix K 168



LIST OF TABLES

Table
Page

1 Item Analysis for Criterion Measure Results 25

2 Criterion Measure Pre-test and Post-test Scores 32

3 Kuder-Richardson "r" for the Criterion Test Reliability 34

4 Item Analysis for Criterion Measure 34

5 Analysis of Covariance for the Control and Experimental

Groups Total Post-test Criterion Measure Scores

Controlling with the Pre-test Criterion Measure Scores 38

6 Analysis of Covariance of Category I for the Control and

Experimental Groups Post-test Criterion Measure Scores

Controlling with the Pre-test Criterion Measure Scores 39

7 Analysis of Covariance of Category II for the Control and

Experimental Groups Post-test Criterion Measure Scores

Controlling with the Pre-test Criterion Measure Scores 40

8 Criterion Measure Post-test Scores by Question Type 42

9 Analysis of Variance for Test Question Type Mean Scores

and Treatment Mean Scores and Their Interaction Mean

Scores on Criterion Measure Post-test 44

10 T-values for Comparison of Test Question Type 46

11 Test Categories
150

12 Test Question Type Grouping by Categories



AN ANALYSIS OF A COMPUTER-ASSISTED LABORATORY METHOD

OF INSTRUCTION IN ELEMENTARY BUSINESS STATISTICS

I. INTRODUCTION

Education in the United States today has one of the truly

American inventions and innovations available for its use in the

educational process. Computers and computing are an American resource

in which we have no equal (48).

Alpert (4) stated that college and university students at all

levels are questioning the style, structure, and relevance of our

educational programs. The use of a systems approach to educational

program presentations is one method in which the content remains the

same, but the structure is changed. A key element in the structure

change should be a presentation which accommodates the different

ability levels and backgrounds of students. Also, students are

looking for instruction in courses which will give them enrichment

both culturally and in preparation for employment.

Koh (28) has found that one course which today's students are

finding fault and having difficulty with is Elementary Statistics.

This is supported by the number of students dropping or repeating

Elementary Business Statistics at Southern Oregon State College. In

a survey of several hundred college catalogs, Elementary Business

Statistics was found to be a core course in Business Administration

curriculums. It is also a required part in the business curriculum of

schools accredited by the American Assembly of Collegiate Schools of

Business.
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Kemp (27) suggests a model for teaching students of different

abilities through the use of a series of levels of objectives.

These levels of objectives can be placed on a continuum and each level

brings the student closer to the terminal objective.

Current research reveals that the computer is a vast American

resource that is still untapped as to its real potential to help in

the educational process. Koh (28) states that there is great interest

being shown in the use of the computer for undergraduate instruction.

Some of the experimentation that has taken place suggests that the

computer may be an aid to reaching educational objectives set up on

a continuum in courses such as statistics.

Atkinson (6), and his colleague Suppes, have run experiments in

what is now termed Computer-Assisted Instruction (CAI) and have had

excellent success in the areas of reading and mathematics at the

primary school level. As many as 2,000 students per day have been

on the program from California, Kentucky, and Mississippi under the

control of the Stanford University computer (6), and excellent success

has been reported.

Most experimentation currently taking place is being done in a

programmed form or in lieu of a teacher. In this study the computer

was used to assist the student as a tool in a problem-solving mode

in a laboratory experience.

Purpose of the Study

The primary purpose of this study was to determine through

controlled experimentation, the relative effectiveness of a computer_.



assisted laboratory as a supplement to conventional classroom

instruction. The computer-assisted laboratory experience was compared

to the traditional laboratory experience in terms of student achieve-

ment as measured by an appropriate criterion measure.

An additional purpose of this study was to add data to the field

of teaching Business Statistics as well as the growing field of

computer usage in classroom instruction.

Statement of the Problem

There is a desire and a need to evaluate the use of the computer

in its problem-solving form. It has potential as a substitute for a

teacher in lieu of teacher-assisted problem-solving techniques. The

following null hypotheses were statistically tested in a four-year

college on the quarter system.

1. The scores achieved on the criterion measure by students

receiving traditional classroom instruction and traditional laboratory

instruction, and those students receiving traditional classroom

instruction and computer-assisted laboratory instruction in Elemecisary

Business Statistics will not be significantly different.

2. The scores achieved on Category I of the criterion measure

by students receiving traditional classroom instruction and traditiona7

laboratory instruction, and those students receiving traditional

classroom instruction and computer-assisted laboratory instruction in

Elementary Business Statistics will not be significantly differer

3. The scores achieved on Category II of the criterion meave

by students receiving traditional classroom instruction and traditional
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Laboratory instruction, and those students receiving traditional

classroom instruction and computer-assisted laboratory instruction in

Elementary Business Statistics will not be significantly different.

4. There is no significant Test Question Category effect.

5. There is no significant Laboratory Instruction effect.

6. There is no significant Interaction effect.

Need for the Study

For education to remain dynamic and strive to meet stated

objectives for classes, experimentation in new ways to enhance class

interest and individual learning are needed. Koh (28) has concluded

that the three main reasons why statistics courses are in need of

restructuring for improved student development and course understanding

are: 1) academic background of each student is unique, and therefore

the teacher cannot establish any teaching standards; 2) teaching

methods for these courses have not changed much since we moved into

the computer era ( we are still flipping coins 100 times for data);

and 3) the present textbooks are not suitable for everyone because

the students are from varied fields and backgrounds.

With the reduction of teaching staffs, increased student loads,

and demands for more individualized instruction, more help and tools

must be found. The U.S. Office of Education (47) has funded projects

related to computerized instruction since the late 1950's.

Approximately $35.6 million has been appropriated for 210 research

projects related to computerized instruction.
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Modern business is becoming more complex, and the necessity for

current business graduates to have a good working knowledge of

statistics and quantitative methods is essential. Stockton (41)

states that in order for an executive to make sound business decisions

he must make effective use of information. This includes both basic

data processing principles and the analysis of quantitative data.

Haner and Ford (19), in their introduction, make note of the fact

that business graduates of the 1970's will make up a new generation of

managers who will eventually replace those of today. The majority of

senior managers of today were educated either before or shortly after

World War II when many business decision techniques were new,

impractical, and rarely taught. With the advent and development of

the computer, major problem-solving techniques now are available to

cope with the local, national, and international business problems

of tomorrow. Quantitative analysis is further amplified by the

increasing use of statistical models in current management texts (11,

19, 23, 25, 26).

The use of the computer in learning will allow the student to

work at his/her own individual pace. The instructor can spend more

time working with students who are having learning difficulties, while

advanced students can challenge their own abilities above the minimum

requirements.

Atkinson (6) exemplifies the need for this study by noting that

there are many articles written regarding the use of the computer in

the educational process. There is, however, little scientific research

as to the effectiveness of the computer as a learning process.



Delimitations

The following are considered delimitations of this study:

1. The subjects were limited to the classes in Elementary

Business Statistics, at Southern Oregon State College, Ashland,

Oregon, during the Winter quarter 1975.

2. The first six chapters of Introduction to Business and

Economic Statistics, 4th edition, by John R. Stockton and Charles T.

Clark, South-Western Publishing Company, were used as the basic text.

3. Only those students in attendance on the day of testing were

included.

4. The laboratory instructor did not teach in the regular

classroom. The Business Statistics instructor was the classroom

instructor, and the laboratory instructor was the Data Processing and

Management instructor.

5. The access to time-sharing terminals was on a first-come

first-use basis.

6. Only interactive statistical computer programs contained in

the Statistical Interactive Programming System (SIPS) on the Oregon

State University CDC 3300 computer were used.

7. The laboratory assignments used in the experiment were

developed by the researcher.
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II. REVIEW OF RELATED LITERATURE

The research related to the use of computer-assisted supple-

mentary materials in Elementary Business Statistics is almost non-

existant. A search of the literature failed to produce any directly

related research on this topic. Therefore, this chapter will review

the following six aspects of the computer and its relationship to

education and the teaching of statistics.

1. Implementation of computers in the educational process.

2. Types of CAI developed for use in education.

3. Some successful experiences in the use of CAI in education.

4. The economics of CAI - some cost and hardware considerations

in education.

5. Some criticisms and fears about CAI in education.

6. Review of CAI laboratories used in statistics classes.

Implementation of Computers in the Educational Process

Computers have been a very visable technological advancement

introduced into our society. Such areas as the space program, new

production techniques, banking operations, billing processes, income

tax review, election results (both predictions and count), and many

others have been introduced.

As Yeo (52) points out there were approximately 35 computers in

the United States just 25 years ago. Today most sizeable colleges

have their own computer or computer capability. The computer's role

in the schools has run from administrative duties such as registration,
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payroll, and course scheduling, to the teaching of programming and

mathematical services. However, computer utilization in education

should not only deal with management and information processing, but

with the learning process.

Margolin and Misch (35) state that if the computer is properly

understood and correctly applied it can satisfy one of the main goals

in education, which is getting to know and meet the needs of the

individual student. The method that has appeared on the educational

scene is generally referred to as CAI (Computer-assisted instruction).

Lekan (33) points out that to date, CAI is difficult to define

since there is great controversy over the role the computer should play

in education. This is further evidenced by the list of names used,

such as computer-assisted instruction, computer-aided instruction,

computer-based instruction, computer-assisted learning, etc.

CAI may run from a simple computer typewriter drill process to

a highly sophisticated presentation system using various media forms

and feedback processes. An adequate definition of CAI as presented by

Margolin and Misch (35) is "any of a wide range of educational

techniques that rely on a computer to assist in the presentation of

learning material."

Types of CAI Developed for Use in Education

Although CAI seems to cover a large spectrum of education, it

has been broken down into five basic types or modes of presentations

and uses. Stolurow (42) identifies these modes as 1) problem-solving,
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2) drill and practice, 3) inquiry, 4) simulation and gaming, and

5) tutorial instruction.

The problem-solving mode allows the student access to the computer

through the use of some input-output device, usually with on-line,

real-time capability. The student then is provided with the typical

computational capability of the computer. A computer language is

often necessary and permits the student to enter both data and

instructions for solving the problem. As Stocker (40) points out,

problem-solving is often used as a teaching tool in mathematics,

science, and other problem-oriented subjects.

Stolurow (42) states the use of problem-solving by the instructor

allows the instructor to either become involved or not, as he wishes.

The teaching can be in the same manner as before. The problem-solving

mode for quantitative applications is relatively easy to introduce

into a university since it need not involve the instructional staff.

The drill and practice mode is possible for either quantitative

problems or in language drills. However, the system must be programmed

to handle the particular materials selected or developed. Therefore,

additional instructional staff is usually required.

In the inquiry mode the student queries the computer about some

topic. The CAI system provides the student with answers it has

stored in its files based on the extent that a set of algorithms

provide access to the information. Because of the storage problems

and the need to have data presented in usable form, additional staff

such as knowledgeable programmers are necessary. Equipment is also a
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major consideration. Stocker (40) states that the inquiry mode is an

area where extensive development is still needed before broad adoption

can take place.

The simulation and gaming mode has the instructor or staff

formulate a model of some real or idealized situation. The objective

is to allow the student to learn about the complex relationships

between variables that represent the situation. Such areas as manage-

ment games and the critical conditions which face the business a,e

examples of its use. It allows the student to gain a great deal of

experience in a short time, and tests his skills in the areas of

decision-making. The model must be defined in terms that can be

programmed by either the instructor or programmer. The student

interacts in his natural language.

Jerman (24) states the tutorial mode of CAI is what most people

assume when they hear CAI. Basically the students' instruction

formalized in detail by the instructor. Alternative ways of

izing the logic are possible to lend flexibility to the procc- -

Based upon information known about a particular student, the

logic branches to an instructional strategy which the instrt!ct,

philosophy indicates is best at the moment. The branchinr;

allows for a high degree of individualization of instruction

student. The student interacts in his natural language, am',

involved with a wide variety of input-output devices and media

These five modes of CAI all have one common element - L.

Feingold (14) defines interaction in CAI as:

"Interaction is the sequence of operations in which
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the computer presents some information, the student
responds, and the computer, on the basis of his

response, presents more information. The computer's
ability to interact with a student is fundamental to
the achievement of meaningful instruction whenever
the instruction is such that it can vary according to
the students performance."

Another point that was found by the researcher and needs emphasis,

was that such authorities as Suppes (43), Stocker (40), Jerman (24),

and others note that CAI, no matter the mode, is just a supplement to

the classroom instructor. It enriches student learning, and in some

cases enhances the instructor's knowledge.

Some Successful Experiences in the Use of CAI in Education

Feldhusen (15) has stated that just as Programmed Instruction of

the late 1950's and early 1960's was the major new development in

education, CAI was an outgrowth of this in the late 1960's and the

1970's. Although it has been well argued whether programmed instruc-

tion has validity as a learning process, such scholars as Lange (31),

Corey (10), and Glasser (17) have presented convincing arguments and

data which indicate that programmed instruction is a relevant method

of learning.

CAI can be viewed as a new format for programmed instruction. Th,-,

variety of media forms which CAI allows for, widely expands programmed

instruction capabilities. This gives CAI validity as a learning method.

One of the longer standing CAI projects has been developed under

the direction of Richard C. Atkinson and Patrick Suppes of Stanford

University. Atkinson's area of development was in reading, and Suppes

worked in mathematics. Both researchers utilized primary grade
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students. Basic curriculum development was done in the respective

areas and tested over a three year period.

Atkinson (6) stated that the treatment of data of first grade

students that received CAI revealed reading scores significantly

higher on all posttests except one. These results were further

confirmed as Fletcher and Atkinson (16) reported on expanded studies:

done on grades K through third. A clinical psychologist's report made

on the study also showed that students, teachers, and parents were

quite favorable to the program.

Krupp (30) reported on the successful introduction of a tutorial

laboratory to teach both new and experienced employees at Honeywell.

The CAI approach was chosen since the needs to be served were varied.

Also, rather than the instructor presenting repetitive material, he

was able to conduct dynamic workshop sessions on subjects requiring

intensive discussion, interpretation and student-teacher interaction.

Krupp (30) also noted that the use of terminals near the joh

station of the employee kept the employee actively on the job durinp,

the training period. As a result, total training costs, as wr:)j,i a.

the instructors classroom requirements were greatly reduced.

Hammond (18) reports that two projects which have shown ?,ome

success are going into large scale research.

TICCIT (time-shared interactive, computer controlled informatics:

television) is being developed by Mitre Corporation in colla boration

with the University of Texas and Brigham Young University. it:

structure is set up for small decentralized computer systems t4

self - contained packages.
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PLATO (programmed logic for automatic teaching operations) is

a large centralized computer and will have the individual teacher

design his own courses.

These projects have received nine million dollars in National

Science Foundation support and will be evaluated by the Educational

Testing Service of Princeton, New Jersey, at the end of the research

period, June 1976. David Alpert, as cited by Hammond (18), Dean of

the Graduate College at the University of Illinois, states that one

fully utilized PLATO system will be able to provide ten million hours

of instruction per year. This system would allow the Illinois state

educational system enrollments to increase 20 per cent for a cost of

less than two per cent of the state's education budget.

The Economics of CAI - Some Cost
and Hardware Consideration in Education

CAI has been shown to be a supplement to a teacher's instruction,

and an aid to the student. To function, the student must be able to

interact with a computer system, and the developed programming. The

question has to be asked, How much will the CAI system cost? This

question can best be answered by taking a look at what is needed.

Much of what is needed will depend on which of the five modes of CAI

one chooses to use.

Computer systems come in all shapes, sizes, and costs. As noted

by Hammond (18), the two major research projects of PLATO and TICCIT

deal with large centralized systems versus small decentralized syst..2n:,

The final results will hopefully give some solid direction. In t117-:



regard, Solomon (39) points to a theory referred to as Grosch's Law.

This law generally states that the ratio of the power of two computers

is approximately equal to the ratio of their costs squared (i.e., two

computers renting for $6,000 each per month together possess only half

the computing power as one computer renting for $12,000 per month).

This law was also confirmed at the University of Kentucky by Kenneth

Knight. Solomon (39) summarizes Knight's findings which show that the

larger computer installations paid their employees higher salaries, yet

spent less on personnel as their total computer expenditures and level

of computer sophistication increased. This finding tends to favor the

large centralized computer system.

In addition to the computer, some form of input and output

devices will be necessary for the student to interact with the

computer system. This area allows great flexibility. There are many

types of devices and media which may be used. Atkinson (6) demon-

strated how devices such as CRT terminals, teletype terminals, audio

response units, light pens and others are used with CAI. ;:'iany

varieties and combinations may be used, based on the mode of CAI t_1(d.

The most common at present seems to be the teletype units.

CAI does allow for a multi -media form of presentation to ne

student, which Butts and Prickett (8) found to be desirable in

study in presentation of materials in audio-tutorial and progrxamed

instruction laboratories in accounting. Further advances are now

moving into the use of CAI and cable television to help handicano0

students (9).
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To give these hardware and instructional devices some cost

analysis per student hour of instruction, Hartman (22) concluded in

his cost analysis the following information: using 32 student stations

(terminals) and an IBM 1500 CAI unit system at a cost of $14,800 per

month, the cost per student hour of instruction was $2.06. This cost

is compared to a generally accepted $0.38 cost per student hour for

traditionally taught students. These costs are at the primary and

secondary school level. At the collegiate level and with a PUP-10

computer system used for $28,000 per month, the cost of CAI dropped

to $0.30 per student hour of instruction.

Kopstein and Seidel (29) state that by 1980 CAI will cost one-

half of what Traditionally Administered Instruction (TAI) per student

hour of instruction costs. The hidden costs of CAI are, in many cases,

not revealed in the figures previously presented. For example,

machine down time and technological updated equipment are factors for

consideration. Generally speaking, however, the use of CAI along with

administrative usage and the improved pricing of computer systems

improves the cost-pricing picture considerably.

Some Criticisms and Fears about CAI in Education

Suppes (44) states that one of the key mistakes made with CAI

is not realizing that it is a complicated process of education. Just

anyone should not try CAI. Instructors will need training to use it

properly.

Abramson and Weiner (1) feel that proper evaluation processes

have not been a sufficient part in the development of CAI programs;
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rather that lip service is paid to evaluation and CAI developers are

more interested in having their programs adopted. Secondly, they

find that CAI programming is often more a function of the programmer's

programming rather than good educational strategies.

Weinstock, Shelton, and Pulley (49) state that six basic criticisms

have surfaced in relation to CAI. One, that CAI is too impersonal and

may interfere with the normal social and psychological growth of the

student. This impersonal feeling is also a common criticism of the

computer itself. Burke, O'Neill, and Welsch (7) suggest a possible

answer to this criticism, a humanized model which allows the student

to be in control of the machine, rather than the other way around.

They feel if the student maps out his educational path and works

closely with a teacher-counselor, good feedback and progress will be

the result. This type of model would also cover these criticisms;

a standardization of education, only easy

tracks will be used, and that man runs the risk of becoming a slave

to the machine. The other criticisms noted by Weinstock, Shelton,

and Pulley (49) are wrong people control what is presented

in the CAI program, thus controlling education; and also,

the costs of a CAI system are too high. Latta and Gilbert (32) help

answer questions such as these as they point to the dropping costs of

terminal input-output devices to computers and the increasing

depositories for different styles, strategies and types of CAI soft-

ware available. Through exchanges of these programs between schools,

initial costs will fall and new and different ideas will be exchanged.

This should help keep CAI programs dynamic and changing.
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Review of CAI Laboratories used in Statistics Classes

Edgar (13) has developed a laboratory for second semester

statistics classes at the University of Texas in Arlington. In this

laboratory he has not eliminated the necessity of going through the

basic computation processes of statistical models, but has tried to

use it as an expanding process of how results or interpretation may

change, as data changes. The experiment used only one class, not

as a required tool but as an option to complete homework. As

students were given a choice, Edgar found that most opted for the manual

method of completing homework. However, based on homework assignments

and examinations, those using the computer seemed to perform better

throughout the semester.

Moore (37) at Mississippi State University has also done some

developmental work in a computer assisted laboratory in statistics.

The students were second semester undergraduate statistics students,

or graduate students with previous statistics course work. The process

allowed the students to prove theorems in statistics and expand data in

a program called SPATS (statistical program to assist in teaching

statistics). Students have responded well to the program, and research

is continuing.

Lekan (33) has listed several CAI systems currently available for

use in statistics courses, which indicate an interest and availability

of new thinking in relation to the presentation of statistics in the

curriculum offering.



Anderson (5) states that the real value of computers is in

integrated approach to education. Besides utilizing the computer in

vocational education, such subjects as accounting, sc,eiic

management science will benefit greatly from computers.

Hansen and Harvey (20) state that the future of LAi

The instructor's role will be to develop more h3'-

and strategy planning in CAI, and through th ;), the 11:'j

and educational techniques will enrich the - Jd s .1

behavior.

The present study should provide additional infc.

use of CAI in its problem-solving mode in elementary

statistics laboratories. This research should also e

standing of the effect of CAI on student a0-, evement

Business Statistics.
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III. THE EXPERIMENTAL DESIGN

This experiment was designed to test the effectiveness of using

a computer as a teaching tool in laboratory instruction as compared to

a teacher-lecture form of laboratory instruction, as a supplement for

better understanding of Elementary Business Statistics. The experi-

mental variable was the computer-assisted laboratory experience. The

researcher attempted to hold all other teaching factors as constant

as possible. A "pilot study" was run during the Fall quarter 1974,

to perfect the laboratory materials used in the experiment.

Setting of tlw Experiment

The study was conducted at Southern Oregon State College, Ashland,

Oregon. Southern Oregon State College is a regional four-year liberal

arts college located in the southern part of the State. It is one of

seven colleges and universities that make up the State System of

Higher Education. The business degree program at Southern Oregon

State College started in 1960, and now offers a Bachelor of Science

degree in Business Administration in the areas of Accounting,

Business Management, Marketing, Office Administration, and Business

Education. The school is accredited by the Northwest Association of

Secondary and Higher Schools.
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Population of the Experiment

The population of the experiment at Southern Oregon State College

consisted of all students enrolled in Elementary Business Statistics

during the Winter quarter, 1975. Total enrollment was 95 students.

Determination of the Groups

A complete list of all students enrolled in the classes used in

the experiment was compiled and alphabetized immediately following

registration. A table of random numbers was entered (12) to assign

the students either to the control group or experimental group. The

control group (teacher-assisted laboratory) consisted of 47 students

and the experimental group (computer-assisted laboratory) consisted

of 48 students.

Instructional Procedures

The following instructional procedures were followed:

1) All lecture materials used in this experiment were prepared

and presented by the statistics instructor at Southern Oregon State

College. The researcher reviewed and was familiar with these

materials prior to presentation of classroom instruction.

2) All laboratory assignments were prepared by the researcher.

3) The textbook used was Introduction to Business and Economic

Statistics by John R. Stockton and Charles T. Clark, 4th edition,

South-Western Publishing Company, 1971. Each student was required to

purchase a copy of the text.
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4) Attendance was required at all lectures.

5) Normal use of audio-visual aids, charts, graphs and chalk-

board were made by the classroom instructor.

6) All students received the same lectures, problem assignments,

and laboratory assignments.

7) All students received 23 days of classroom instruction during

the experiment and were taught as nearly the same as possible.

Evaluation procedures for all students were the same.

Description of Groups

Controlled laboratory instruction was scheduled for one and

one-half hours per week, per topic area. The laboratory instructor

was in attendance to pass out assignment sheets and give individual

assistance when requested by the student. Each assignment contained

a complete set of instructions (Appendix D) and was also explained

by the laboratory instructor. The completed assignment sheets were

collected by the instructor at the end of the laboratory period.

Computer-assisted laboratory instruction was run for one and one-

half hours per week, per topic area for each student. This laboratory

was run on an individual basis with six time-sharing terminals

available for student use. The laboratory assignments were coordin-

ated with the classroom lectures and included the same problems and

instructions (Appendix B as the control group). The student also

received a set of instructions on interacting with the computer

(Appendix A) and instruction material on the SIPS package (Appendix C).

The time-shared terminals were available from 7:30 a.m. to 2:30 a.m.
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each day, which allowed students maximum flexibility to complete their

assignments. This laboratory was self-instructed, therefore, the

laboratory instructor was available only for problems with machine

interaction and distribution and collection of laboratory materials.

Time was controlled by the computer and appeared on each student's

computer printout sheet.

Criterion Measure

There were several preliminary steps taken in the construction

of the criterion measure. A 65 item test was administered to 46

students at Southern Oregon State College at the completion of the

first six chapters in the Elementary Business Statistics course.

The Pearson product-moment coefficient of correlation represents

the degree of straight-line relationship between two sets of measure-

ments. If, in a test situation, those students who achieve high on

the pre-test are also high on the post-test, then the correlationship

is said to be positive.

The point-biserial correlation coefficient is a special case of

product-moment coefficient correlation. When the point-biserial r is

used, the dichotomized item variable is treated as a true dichotomy.

The point-biserial r is used because it indicates the contribution of

a particular item to the predictive validity of the total test.

Therefore, the point-biserial r quantifies the test question and

its proportion right with the total test score, and allows the

selection of questions which are the most discriminating.



An item analysis was made of the test results to obtain a point-

biserial r for each question using the following formula:

r
pbis

M R-Mw

St
P (1 - P)
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M
R

= Mean criterion score for students choosing the right answer.

M = Mean criterion score for the students choosing the wrong

answer.

S
t
= Standard deviation of criterion scores for all students,

defined as:

1:(X - 702 / N

X = Student score on criterion test.

X = Mean score of all students on criterion test.

N = Number of students taking test.

P = Proportion of students choosing the right answer.

The pre-determined number of questions in each category having the

lowest correlation were eliminated to determine the fifty items to be

used in the criterion test for the experiment.

The biserial correlation is an estimate of the Pearson product-

moment coefficient of correlation. The biserial r is a measure of the

correlation between the criterion score and the hypothesized item

continuum, and is dichotomized into right and wrong responses. This

measure will relate the test item to the total test score and deter-

mine its difficulty level. The final fifty questions were then

arranged in their order of difficulty, by category based on their
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biserial r defined as:

r
bis

M - Pa P)
R W

St y

y = Ordinate in the unit normal distribution, which divides

the area under the curve in the proportions P and 1 - P.

See Table 1, page 25 for a summary of the results.

The criterion test questions were then identified and grouped

according to one of the following three classifications: 1) Recall,

2) Manipulative, and 3) Interpretive. See Appendix G, Table 12,

page 151 for a list of the questions as grouped.

Criterion Content Validity

Ahmann and Glock (3) define validity as "the degree to which a

measuring instrument actually serves the purposes for which it is

intended." They also state that content validity is a key element in

a criterion test used to test academic achievement.

To establish content validity for the test, Dr. Dale McFarlane

of the Department of Accounting and Quantitative Analysis, School of

Business and Technology, Oregon State University, and Dr. Gary

Prickett, Chairman of the Division of Business at Southern Oregon

State College, analyzed the 65 questions used in the preliminary

test which were being measured. Their concluded opinion was that

the questions did measure the principles and concepts which the

students should master in the first six chapters of Elementary

Business Statistics.
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Table 1. Item Analysis for Criterion Measure Results.

Item
Number

Number

Correct

Proportion Point

Passing Biserial r

Biserial r
A

Response
B C D E

1 41 0.8913 0.0816 0.1364 4 41 0 0 1

2 39 0.8478 0.0527 0.2236 1 2 39 4 0

3 45 0.9783 0.1771 0.4968 45 1 0 0 0

4 4 0.0870 0.0828 0.1474 4 5 21 16 0

5 21 0.4565 0.0321 0.0403 19 6 21 0 0

6 11 0.2391 0.1366 0.1878 27 11 4 4 0

7 15 0.3261 0.1925 0.2503 28 15 3 0 0

8 43 0.9348 0.2470 0.4777 43 2 0 1 0

9 19 0.4130 -0.2334 -0.2952 24 2 1 19 0

10 9 0.1957 0.0269 0.0387 9 11 12 13 1

11 24 0.5217 0.0991 0.1243 24 4 7 10 1

12 16 0.3478 0.2352 0.3031 24 16 1 5 0

13 38 0.8261 0.2694 0.3981 6 38 2 0 0

14 37 0.8043 0.1326 0.1909 0 1 37 8 0

15 29 0.6304 0.4269 0.5454 4 10 2 29 1

16 16 0.3478 0.1273 0.1640 7 5 16 18 0

17 16 0.3478 0.0054 0.0070 8 20 16 2 0

18 19 0.4130 0.2080 0.2630 19 13 S 8 1

19 15 0.3261 0.2768 0.3600 15 15 1 15 0

20 33 0.7174 0.2828 0.3765 7 0 5 33 1

21 28 0.6087 0.0211 0.0269 17 1 0 28 0

22 8 0.1739 0.1129 0.1669 5 18 8 15 0

23 30 0.6522 -0.0610 -0.0785 5 0 30 11 0

24 17 0.3696 -0.1648 -0.2110 17 24 2 3 0

25 30 0.6522 0.3290 0.4239 6 30 7 3 0

26 37 0.8043 0.2222 0.3199 37 0 0 9 0

27 14 0.3043 0.0799 0.1050 0 9 14 23 0

28 9 0.1957 -0.0828 -0.1191 9 16 13 7 1

29 18 0.3913 -0.0373 -0.0474 18 7 11 lo 0

30 23 0.5000 0.1660 0.2081 15 23 7 1 0

31 43 0.9348 0.3110 0.6014 1 1 43 1 0

32 41 0.8913 0.0939 0.1561 41 0 1 4 0

33 37 0.8043 0.1624 0.2328 1 4 4 37 0

34 38 0.8261 0.1129 0.1669 1 38 6 1 0

35 1 0.0217 0.1224 0.3433 27 3 1 15 0

36 7 0.1522 0.4144 0.6308 7 27 1 11 0

37 26 0.5652 0.2676 0.3365 2 26 2 16 0

38 44 0.9565 0.2125 0.4685 0 0 1 44 1

39 24 0.5217 0.2811 0.3523 6 0 15 24 1

40 39 0.8478 0.1689 0.2584 39 0 0 7 0

41 28 0.6087 0.3856 0.4900 8 10 0 28 0

42 42 0.9130 0.1531 0.2727 0 1 2 42 1
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Table 1. (Continued)

Item
Number

Number
Correct

Proportion
Passing

Point
Biserial r

Biserial r
A

Response
B C

43 35 0.7609 0.4194 0.5768 7 35 2 2 0

44 33 0.7174 0.1599 0.2129 33 6 5 2 0

45 42 0.9130 0.1531 0.2727 42 1 2 1 0

46 37 0.8043 0.1226 0.1765 4 37 4 1 0

47 31 0.6739 0.6086 0.7915 6 31 7 1 1

48 34 0.7391 0.2407 0.3251 3 8 34 1 0

49 45 0.9783 -0.0953 -0.2674 45 0 1 0 0

50 11 0.2391 0.3960 0.5447 6 29 0 11 0

51 32 0.6957 0.3753 0.4930 7 3 4 32 0

52 25 0.5435 0.3654 0.4590 25 10 7 4 0

53 35 0.7609 0.2896 0.3984 1 35 3 7 0

54 24 0.5217 0.2732 0.3426 8 24 11 2 1

55 11 0.2391 0.0439 0.0604 11 11 17 7 0

56 38 0.8261 0.2902 0.4289 2 0 6 38 0

57 34 0.7391 0.6188 0.8327 34 1 7 4 0

58 25 0.5435 0.0083 0.0104 25 17 2 2 0

59 30 0.6522 0.2211 0.2849 0 30 14 2 0

60 25 0.5435 0.4448 0.5587 13 5 25 3 0

61 11 0.2391 0.0439 0.0604 11 5 23 7 0

62 21 0.4565 0.3250 0.4083 5 7 21 13 0

63 21 0.4565 0.5313 0.6674 17 7 21 1 0

64 33 0.7174 0.1248 0.1662 8 33 5 0 0

65 17 0.3696 0.1381 0.1765 5 9 17 15 0

Mean = 37.4783

Standard Deviation = 5.4998

Variance = 30.2478
Kuder-Richardson r = .6220
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Collection of the Data

All students in the study were administered the criterion test

developed by the researcher, to obtain a pre-test score. This test

was administered at the first regular class meeting.

The criterion test was then administered upon completion of the

first six chapters of Elementary Business Statistics and a post-test

score was obtained. Only those students in attendance on the day of

testing were included for the purpose of analysis.

Tests

The coefficient of correlation is used to test reliability of a

criterion measure. As a predictive device, the relationship of a

students' pre-test score is correlated against the students' post-

test score. If the coefficient of correlation is significant, an

analysis of covariance may then be used to make inferences from the

test results.

Wert, :eidt, and Ahmann (50) have stated that if the use of a

test is to predict academic achievement of a group, a coefficient of

correlation of .40 would be considered extremely high. Ahmann and

Glock (3) have found that tests yielding an r value as low as .30

can be quite useful for screening groups and making academic achieve-

ment predictions.

The coefficient of correlation between the criterion measure's

pre-test scores and the scores obtained on the post-test was computed

through the use of the product-moment r formula:
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r =
N *XY -

N 1SX
2

(EX)
2)

(N
2

((Y) 2)

N = All individuals taking the test.

X = Pretest score.

Y = Post-test score.

The coefficient of correlation was computed on students' scores and

compared to the critical r at the .05 level of significance with the

appropriate degrees of freedom. Inferences were drawn from the data

presented.

Estimating the Reliabilit of the Criterion Measure

The coefficient of reliability by analysis-of-variance method

is one developed by Kuder and Richardson (45). An important caterory

of information necessary for solution of the formula is the proportio

of students passing and failing each test item. This procedure

measures the reliability of the test on the basis of consistency of

pupil performance from item to item within the test.

The internal consistency of the criterion measure was determined

to estimate the reliability of the instrument. The following fo

developed by Kuder and Richardson was used.
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r = K

K - 1

PQ

s
t
2

= The number of items on the test.

P = Proportion of students answering the question correctly.

Q = Proportion of students answering the question incorrectly.

S
t

2 = Variance of the test scores.

The Kuder-Richardson r was computed for the test results and compared

to the critical r at the .05 level of significance.

Analysis of Treatments

The analysis of covariance was used to determine whether there

was any significant difference achieved by the different laboratory

instruction methods. Analysis of covariance provides a means for

control of individual differences. It provides a test of significance

for the comparison of groups whose members have been measured with

regard to one or more variable characteristics.

A pre-test score of the criterion measure was used as a

concomitant variable which was statistically controlled. Yamane (51)

states that covariance may be considered a measure of covariability

between two variables which allows statistical control of the

variables. John Roscoe as cited by Butts and Prickett (8) states

that analysis of covariance is a blending of regression and the

analysis of variance which permits statistical control of variables.
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The result is equivalent to matching the experimental group with the

control group. The F obtained was compared to the critical F at the

.05 level of significance.

A two factor, double entry table, analysis-of-variance was used

to determine the significant difference among group means of test

question types, and types of laboratory treatments. A two factor

analysis-of-variance provides a test of significance for the comparison

of test question categories within groups, between groups, and also

interaction of the groups (34).

The F-ratio computed for the analysis-of-variance furnishes a

comprehensive test of the significance of these differences. A

significant F does not indicate which means differ significantly, but

it indicates that at least one mean is reliably different from the

others.

Statistics indicate that if F is not significant, there is no

reason for further testing as none of the mean differences will be

significant. If the F was significant in the analyses computed for

this study, a t test was computed to test the differences and indicate

which group contained the significantly different mean at the .05

level of significance. Inferences were then drawn from the data.
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IV. FINDINGS

This experiment was comprised of two classes of Elementary

Business Statistics, divided into two different laboratory treatments

at Southern Oregon State College, Ashland, Oregon. Each class was

divided into a teacher-assisted (control group) laboratory and a

computer-assisted (experimental group) laboratory. There were 42

students in the teacher-assisted laboratory and 45 students in the

computer-assisted laboratory.

Pre-test and Post-test

The coefficient of correlation between the students scores

obtained on the pre-test of the criterion measure and the students

scores obtained on the post-test of the criterion measure was computed.

The critical r with 86 degrees of freedom at the .05 level of
xy

significance was .2099. The obtained r
xy

was .3578 and was significant

at this level. A complete list of the students' pre-test and post-test

scores from the criterion measure are shown on Table 2, page 32.

Reliability of the Criterion Measure

The method developed by Kuder and Richardson was used to measure

the reliability of the criterion measure. The Kuder-Richardson r of

.6708 was computed and compared to the critical r of .2099 at the .05

level of significance with 86 degrees of freedom and found to he

significant. This established the reliability of the criterion



Table 2. Criterion Measure Pre-test and Post-test Scores.

Individual Treatment Pre-test
Score

Post-test
Score

1 Teacher-assisted 18 39

2 Teacher-assisted 17 32

3 Teacher-assisted 22 39

4 Teacher-assisted 21 37

5 Teacher-assisted 26 38

6 Teacher-assisted 15 22

7 Teacher-assisted 13 23

8 Teacher-assisted 21 35

9 Teacher-assisted 19 39

10 Teacher-assisted 23 37

11 Teacher-assisted 23 38

12 Teacher-assisted 13 36

13 Teacher-assisted 15 36

14 Teacher-assisted 16 26

15 Teacher-assisted 18 39

16 Teacher-assisted 20 31

17 Teacher-assisted 23 42

18 Teacher-assisted 22 41

19 Teacher-assisted 20 34

20 Teacher-assisted 17 32

21 Teacher-assisted 24 35

22 Teacher-assisted 25 32

23 Teacher-assisted 15 37

24 Teacher-assisted 17 41

25 Teacher-assisted 18 34

26 Teacher-assisted 23 40

27 Teacher-assisted 14 35

28 Teacher-assisted 27 42

29 Teacher-assisted 18 35

30 Teacher-assisted 25 40

31 Teacher-assisted 13 22

32 Teacher-assisted 24 42

33 Teacher-assisted 17 38

34 Teacher-assisted 22 39

35 Teacher-assisted 13 41

36 Teacher-assisted 12 32

37 Teacher-assisted 16 33

38 Teacher-assisted 17 27

39 Teacher-assisted 12 33

40 Teacher-assisted 18 38

41 Teacher-assisted 19 35

42 Teacher-assisted 16 38

43 Computer-assisted 18 29

44 Computer-assisted 16 36

32



'fable 2. (Continued)

Individual Treatment Pre-test
Score

Post-test
Score

45 Computer-assisted 16 38

46 Computer-assisted 18 39

47 Computer-assisted 17 39

48 Computer-assisted 25 36

49 Computer-assisted 18 37

50 Computer-assisted 24 43

51 Computer-assisted 13 29

52 Computer-assisted 16 40

53 Computer-assisted 18 33

54 Computer-assisted 17 24

55 Computer-assisted 17 38

56 Computer-assisted 18 32

57 Computer-assisted 15 38

58 Computer-assisted 17 33

59 Computer-assisted 21 34

60 Computer-assisted 12 35

61 Computer-assisted 15 26

62 Computer-assisted 10 39

63 Computer-assisted 4 26

64 Computer-assisted 22 31

65 Computer-assisted 19 37

66 Computer-assisted 20 30

67 Computer-assisted 23 40

68 Computer-assisted 19 32

69 Computer-assisted 20 35

70 Computer-assisted 19 36

71 Computer-assisted 19 29

72 Computer-assisted 20 31

73 Computer-assisted 17 28

74 Computer-assisted 23 36

75 Computer-assisted 14 37

76 Computer-assisted 17 43

77 Computer-assisted 16 36

78 Computer-assisted 13 31

79 Computer-assisted 21 35

80 Computer-assisted 11 39

81 Computer-assisted 22 41

82 Computer-assisted 20 42

83 Computer-assisted 17 33

84 Computer assisted 15 39

85 Computer-assisted 19 32

86 Computer-assisted 15 37

87 Computer-assisted 15 36

33
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measure used in this study. See Table 3 for a summary of these

computations.

Table 3

Kuder-Richardson "r" for the Criterion Test Reliability

MEAN 35.1830

STANDARD DEVIATION 4.7670

VARIANCE 22.7243

KUDER-RI CHARDSON "r" .6708

The test item distribution of responses is shown in Table 4

below.

Table 4. Item Analysis for Criterion Measure.

Item
Number

Number
Correct

Proportion
Passing A

Response

1 30 0.3448 15 36 30 5 1

2 36 0.4138 7 11 36 33 ii

3 73 0.8391 1 3 73 9

4 72 0.8276 72 10 2 3 0

5 82 0.9425 5 82 0 0 0

6 55 0.6322 8 12 10 55 2

7 18 0.2069 18 43 10 16 0

8 41 0.4713 41 5 19 22 0

9 68 0.7816 17 68 1 1 0

10 38 0.4368 44 2 3 33 0

11 60 0.6897 22 60 4 1 0

12 82 0.9425 `,'U 3 2 0 U

13 23 0.2644 17 18 23 27



Table 4. (Continued)

Item
Number

Number
Correct

Proportion
Passing A

Ltesponse

D E

14 45 0.5172 45 34 2 6 0

15 28 0.3218 28 19 6 34 0

16 46 0.5287 12 0 29 46 0

17 37 0.4253 40 37 8 2 0

18 76 0.8736 76 1 1 9 0

19 58 0.6667 15 58 9 5 0

20 69 0.7931 69 0 3 14 1

21 84 0.9655 0 84 2 1 0

22 30 0.9195 1 2 3 80 1

23 79 0.9080 1 3 79 4 0

24 81 0.9310 5 81 0 1 0

25 80 0.9195 3 2 80 2 0

26 70 0.8046 6 70 10 1 0

27 71 0.8161 71 9 6 1 0

28 78 0.8966 78 1 7 1 0

29 69 0.7931 6 11 69 0 1

30 76 0.8736 4 76 4 3 0

31 67 0.7701 7 67 3 10 0

32 83 0.9540 83 1 0 3 0

33 73 0.8391 0 0 14 73 0

34 63 0.7241 11 2 11 63 0

35 55 0.6322 13 17 2 55 0

36 60 0.6897 5 60 1 21 0

37 8 0.0920 45 0 8 33 1

38 85 0.9770 1 0 1 85 0

39 16 0.1839 16 44 4 23 0

40 43 0.4943 25 43 16 1 1

41 73 0.8391 1 73 4 8 1

42 79 0.9080 4 79 3 1 0

43 77 0.8851 1 2 77 7 0

44 72 0.8276 11 3 72 1 0

45 65 0.7471 18 3 65 1 0

46 74 0.8506 1 5 7 74 0

47 59 0.6782 59 6 14 8 0

48 58 0.6667 58 15 12 1 1

49 72 0.8276 3 3 3 72 1

50 74 0.8506 5 6 2 74

NEAN = 35.1830

STANDARD DEVIATIO = 4.7670

VARIANCE = 22.7243

KUDER-1:ICHARDSO r = .6708

35
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Hypotheses

An analysis of covariance was used to statistically test thJ-

following null hypotheses:

1) That the adjusted mean score, achieved on the criterion

measure by students receiving traditional classroom instruction and

teacher-assisted laboratory instruction in Elementary Business

Statistics was not different from the adjusted mean score of students

receiving traditional classroom instruction and computer-assisted

laboratory instruction.

2) That the adjusted mean score, achieved on Category I of the

criterion measure by students receiving traditional classroom

instruction and teacher-assisted laboratory instruction in Elementary

Business Statistics was not different from the adjusted mean score of

students receiving traditional classroom instruction and computer-

assisted laboratory instruction. Category I consisted of the first

19 questions of the criterion measure. These questions covered the

topic areas of charts, graphs, frequencies and types of data.

3) That the adjusted mean score, achieved on Category II of the

criterion measure by students receiving traditional classroom

instruction and teacher-assisted laboratory instruction in Elementary

Business Statistics was not different from the adjusted mean score of

students receiving traditional classroom instruction and computer-

assisted laboratory instruction. Category II consisted of the last
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31 questions of the criterion measure. These questions covered the

topic areas of the measures of central tendency and dispersion.

Analysis of Covariance

The analysis of covariance was used to compare the teacher-

assisted laboratory treated students and the computer-assisted

laboratory treated students on the basis of the sums of scores received

on the post-test of the criterion measure. The student's pre-test

criterion measure scores were used as a concomitant variable. The

following results were obtained from the hypotheses tested.

HYPOTHESIS Is With one degree of freedom in the numerator and 85

degrees of freedom in the denominator it was found that an F-ratio

of 3.955 was necessary for significance at the .05 level. An analysis

of covariance applied to the sums of the students' post-test criterion

measure scores, controlling for the pre-test scores of the criterion

measure, yielded an F-ratio of .0009. This was not significant at the

.05 level, therefore, Hypothesis I was not rejected. See Table 5,

page 38 for a summary of these computations.

HYPOTHESIS Its With one degree of freedom in the numerator and

85 degrees of freedom in the denominator it was found that an F-ratio

of 3.955 was necessary for significance at the .05 level. An analysis

of covariance applied to the sums of the students' post-test criterion

measure scores, controlling for the pre-test scores of the criterion

measure, yielded an F-ratio of .0543. This was not significant at

the .05 level, therefore, Hypothesis II was not rejected. See Table 6,

page 39, for a summary of these computations.



TABLE 5

ANALYSIS OF COVARIANCE FOR THE CONTROL AND EXPERIMENTAL GROUPS TOTAL POST-TEST
CRITERION MEASURE SCORES CONTROLLING KITH THE PRE-TEST CRITERION MEASURE SCORES.

Source SSx SSy SPxy ADJ. SSy ADJ.

DF
ADJ. MSy

Between 41.5238 8.1130 18.3544 .0177 1 .0177

.0009
'2ithin 1366.4301 1946.9444 575.2777 1704.7480 84 20.2946

Total 1407.9540 1955.0574 593.6321 1704.7658 85

Means for Teacher-assisted Laboratory Instruction: Criterion Measure Pre-test (X),
18.7381; Criterion Measure Post-test (Y), 35.5000; Adjusted (Y), 35.1989.

Means for Computer-assisted Laboratory Instruction: Criterion Measure Pre-test (X),
17.35555; Criterion Measure Post-test (Y), 34.8888; Adjusted (Y), 35.1698.



TABLE 6

ANALYSIS OF COVARIATCE FOR THE CONTROL AND EXPERIMENTAL GROUPS FOR CATEGORY I,
CRITERION MEASURE SCORES CONTROLLING WITH THE PRE-TEST CRITERION MEASURE SCORES.

Source SSx SSy SPxy ADJ. SSy ADJ.

DF
ADJ. MSy F

Between

Within

Total

3.7859

314.6968

318.4828

1.4901

392.1190

393.6092

2.3752

120.4524

122.8276

.2239

346.0151

346.2389

1

84

85

.2239

4.1192
.0543

Means for Teacher-assisted Laboratory Instruction: Criterion Measure Pre-test (X),
7.5952; Criterion Measure Post-test (Y), 11.2619; Adjusted (Y), 11.1793.

Means for Computer-assisted Laboratory Instruction: Criterion Measure Pre-test (X),
7.1778; Criterion Measure Post-test (Y), 11.0000; Adjusted (Y), 11.0771.



TABLE 7

ANALYSIS OF COVARIANCE FOR THE CONTROL AND EXPERIMENTAL GROUPS FOR CATEGORY II,
CRITELION ljEASURE SCORES CONTROLLING WITH THE PRE-TEST CRITERION MEASURE SCORES.

Source SSx SSy SPxy ADJ. SSy ADJ.
DF

ADJ. MSy F

Between

'dthin

Total

20.2334

915.720C

935.9540

2.6492

1120.0635

1182.7126

7.3213

236.4603

243.7816

.2125

1119.0039

1119.2165

1

84

85

.2125

13.3215
.0160

leans for Teacher-assisted Laboratory Instruction: Criterion Measure Pre-test (X),
11.1429; Criterion i:easure Post-test (Y), 24.2381; Adjusted (Y), 24.1092.

'leans for Computer-assisted Laboratory Instruction: Criterion Measure Pre-test (7),
10.1773; Criterion ':ensure Post-test (Y), 23.8889; Adjusted (Y), 24.0092.
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HYPOTHESIS III: With one degree of freedom in the numerator and

85 degrees of freedom in the denominator it was found that an F-ratio

of 3.955 was necessary for significance at the .05 level. An analysis

of covariance applied to the sums of the students' post-test criterion

measure scores, controlling for the pre-test scores of the criterion

measure, yielded an F-ratio of .016. This was not significant at the

.05 level, therefore, Hypothesis III was not rejected. See Table 7,

page 40, for a summary of these computations.

Analysis of Variance

A two factor analysis of variance was used to compare group

means of computer-assisted laboratory and teacher-assisted laboratory

students scores based on recall questions, manipulative questions, and

interpretive questions of the post-test criterion test. See Table 8,

page 42, for a summary of the test scores. It also tested the mean

scores within each treatment, and whether there was any interaction

between question types and treatment laboratories. The following

results were obtained from the hypotheses tested.

HYPOTHESIS IV: With 2 degrees of freedom in the numerator and

255 degrees of freedom in the denominator, an F-ratio of 3.04 was

necessary for significance at the .05 level. An F-ratio of 176.0728

was obtained when comparing the criterion test question types, recall,

manipulative and interpretive. There is a significant difference in

the variability of the means earned within the three types of test

questions. Therefore, Hypothesis IV was rejected. See Table 9,

page 44, for a summary of these computations.



Table 8. Criterion Measure Post-test Scores by Question Type.
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Individual Treatment Recall Manipulative Interpretive Total
Score Score Score Score

1 Teacher-assisted 10 17 12 39

2 Teacher-assisted 12 14 6 32

3 Teacher-assisted 11 18 10 39

4 Teacher-assisted 11 17 9 37

5 Teacher-assisted 13 16 9 38

6 Teacher-assisted 9 10 3 22

7 Teacher-assisted 7 10 6 23

8 Teacher-assisted 10 16 9 35

9 Teacher-assisted 13 15 11 39

10 Teacher-assisted 9 17 11 37

11 Teacher-assisted 11 16 11 38

12 Teacher-assisted 9 18 9 36

13 Teacher-assisted 9 17 10 36

14 Teacher-assisted 8 13 5 26

15 Teacher-assisted 10 17 12 39

16 Teacher-assisted 7 14 10 31

17 Teacher-assisted 12 19 11 42

18 Teacher-assisted 11 18 12 41

19 Teacher-assisted 9 17 8 34

20 Teacher-assisted 10 13 9 32

21 Teacher-assisted 10 15 10 35

22 Teacher-assisted 9 12 11 32

23 Teacher-assisted 10 15 12 37

24 Teacher-assisted 12 18 11 41

25 Teacher-assisted 11 11 12 34

26 Teacher-assisted 12 17 11 40

27 Teacher-assisted 12 16 7 35

28 Teacher-assisted 11 19 12 42

29 Teacher-assisted 10 15 10 35

30 Teacher-assisted 11 17 12 40

31 Teacher-assisted 11 12 5 28

32 Teacher-assisted 12 18 12 42

33 Teacher-assisted 13 16 11 38

34 Teacher-assisted 12 15 12 39

35 Teacher-assisted 12 17 12 41

36 Teacher-assisted 8 13 11 32

37 Teacher-assisted 10 11 12 33

38 Teacher-assisted 7 12 8 27

39 Teacher-assisted 8 16 9 33

40 Teacher-assisted 9 18 11 38

41 Teacher-assisted 10 14 11 Y.)

42 Teacher-assisted 11 17 10 33

43 Computer-assisted 9 , 12 8 29

44 Computer-assisted 9 15 12 36



Table 8. (Continued)

Individual Treatment Recall Manipulative Interpretive Total

Score Score Score Score

45 Computer-assisted 9 17 12 38

46 Computer-assisted 11 17 11 39

47 Computer-assisted 12 16 11 39

48 Computer-assisted 7 18 11 36

49 Computer-assisted 11 14 12 37

50 Computer-assisted 14 17 12 43

51 Computer-assisted 7 11 11 29

52 Computer-assisted 12 12 8 32

53 Computer-assisted 9 14 10 33

54 Computer-assisted 12 16 12 40

55 Computer-assisted 12 13 8 33

56 Computer-assisted 7 10 7 24

57 Computer-assisted 9 17 12 38

58 Computer-assisted 8 15 9 32

59 Computer-assisted 10 16 12 38

60 Computer-assisted 9 16 12 37

61 Computer-assisted 9 16 9 34

62 Computer-assisted 10 14 11 35

63 Computer-assisted 8 12 6 26

64 Computer-assisted 11 17 11 39

65 Computer-assisted 9 12 5 26

66 Computer-assisted 9 13 9 31

67 Computer-assisted 9 16 12 37

68 Computer-assisted 8 13 9 30

69 Computer-assisted 11 18 11 40

70 Computer-assisted 8 13 11 32

71 Computer-assisted 11 13 11 35

72 Computer-assisted 10 15 11 36

73 Computer-assisted 9 13 7 29

74 Computer-assisted 10 13 5 0 ''q

75 Computer-assisted 8 11 9

76 Computer-assisted 10 15 11

77 Computer-assisted 10 15 12

78 Computer-assisted 12 19 12

79 Computer-assisted 10 18 8 30

80 Computer-assisted 8 13 10 31

81 Computer-assisted 11 15 9 35

82 Computer-assisted 11 17 11 39

83 Computer-assisted 12 18 11 41

84 Computer-assisted 14 17 11 42

85 Computer-assisted 11 12 10 33

86 Computer-assisted 12 18 9 39

87 Computer-assisted 10 15 11 36



TABLE 9

ANALYSIS OF VARIANCE FOR TEST QUESTION TYPE MEAN SCORES AND TREATMENTS MEAN

SCORES AND THEIR INTERACTION MEAN SCORES ON CRITERION MEASURE POSTTEST.

Source of Variation df SS MS Computed F Table F .05 level

Question Categories 2 1,457.249 728.6245 176.0728 3.04

Treatments 1 2.7043 2.7043 .6535 254

Cells (5) (1,466.443)

Question Categories
X Treatments 2 6.4897 3.2449 .7841 19.49

Error 255 1,055.2428 4.1382

Total 260 2,521.6858

See Appendix I, page 165 for statistical design and formulation.



Table 10, page 46, illustrates the comparison of mean scorn

of criterion test question types. The mean scores of recall as

compared to manipulative, and manipulative as compared to ifJ_

were found to be significant. In the teacher-assisted laboratcv

recall as compared to manipulative, with 82 degrees of freedom,

t-value of 1.9866 at the .05 level was needed. A computed. val

-11.0105 was obtained and is significant. :anipulative as compaT:

to interpretive, with 82 degrees of freedom, a t-value of 1.988 at

the .05 level was needed. A computed value of 10.5523 was t

and is significant.

In the computer assisted laboratory group, recall as ccr[Ipare1

manipulative, with 88 degrees of freedom, a t-value of 1.9866 at the

.05 level was needed. A computed value of -11.4056 was obtin,

is significant. Manipulative as compared to interpretive, witb

degrees of freedom, a t-value of 1.9866 at the .05 level tm.s

A computed value of 10.825 was obtained and is significanu

values indicate that the significant F was the result of dit

within treatment means rather than between treatment means,

the differences are assumed to be something', othr than

treatments. All other comparisons were not sign'ticant

page 46 for a summary of these computations.

HYPOTHESIS Vs ,Ath 255 degrees of freedom in the numera- ,

1 degree of freedom in the denominator, an F-ratio of 254 at

level is necessary. An F-ratio of .6536 was obtained when comu

teacher-assisted laboratory and computer-assisted laborat(

ment criterion mean scores of recall, manipulative and inttv



Table 10. T-values for Comparison of Test Question Type.
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Comparison df Computed t Table t .05 level

R
TA

vs R
CA

PTATA -TA

R
TA

vs I
TA

R
CA

vs

R
CA

vs I
CA

11TH vs M
CA

I;

TA
vs I

TA

McA vs I
CA

I TA
vs I

CA

85

82

82

88

88

85

82

88

85

.9149

-11.0105

.9405

-11.4056

- 0.4179

1.0005

10.5523

10.825

- 0.5265

**

*

**

*

1.9875

1.9884

1.9884

1.9866

1.9866

1.9875

1.9884

1.9866

1.9875

Computed t-values found significant at the .05 level of confidence.

R = Recall Type Questions.

M = Z-:anipulative Type Questions.

I = Interpretive Type Questions.

TA = Teacher-assisted laboratory treated students.

CA = Computer-assisted laboratory treated students.

See Appendix J, page 167 for statistical formulation.



type questions. This was not significant at the .05 level, therefore,

Hypothesis V was not rejected. See Table 9, page 44, for a summary

of these computations.

HYPOTHESIS VI: pith 255 degrees of freedom in the numerator and

2 degrees of freedom in the denominator, an F-ratio of 19.49 at tAle

.05 level is necessary. An F-ratio of .7841 was obtained when comparing

the interaction of recall, manipulative, and interpretive question

type means with teacher-assisted laboratory and computer-assistod

laboratory treatment means. This was not significant at the .05

level, therefore, Hypothesis VI was not rejected. See Table 9,

page 44, for a summary of these computations.
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter is designed to present a brief summary of the

experimental study, conclusions drawn based on the statistical

analyses of the data collected, and recommendations.

Summary

This was an experimental study designed to determine whether

students in Elementary Business Statistics, receiving computer-assisted

laboratory instruction would attain equivalent achievement to those

students receiving the teacher-assisted laboratory instruction.

Experimental Design

The setting of the study was Southern Oregon State College,

Ashland, Oregon. The population of the experiment consisted of two

classes in Elementary business Statistics during the hinter quar

1975. All lecture classes were taught by the regular statistics

teacher. Both the experimental and control laboratories were tdi!p,ht

by the Data Processing and Management instructor. The researcher

reviewed all lecture materials and constructed the laboratory

assignments.

A complete list of all students enrolled in the classes was

compiled immediately following registration. The names were placed

in alaphabetic order and random numbers were used to assign student:

to computer-assisted laboratory or teacher-assisted laboratory.



The teacher-assisted (control) laboratory was held for one and

one-half hours per week, per topic area. The laboratory instructor

was in attendance to pass out assignment sheets and give indivi6uat

assistance when requested. Each assignment sheet contained a complete

set of instructions and explained by the laboratory instructor. Thp

completed assignments were turned in at the end of each laboratory 1-.1

for control purposes.

The computer-assisted laboratory was run for one and one-half

hours per week, per topic area. This laboratory was run on an

individual basis with six time-sharing terminals available for srudei

use. The laboratory assignments were coordinated with the classroom

lectures and included the same problems and instructions as the

control group. The time-shared terminals were available from 7:30 a.m.

to 2:30 a.m. each day which allowed students maximum flexibility

complete their assignments. The laboratory was self - instructs

therefore, the laboratory instructor was available only for problems

with machine interaction and distribution and collection of lao,-.);

materials. Time was controlled by the computer and appeared on

student's computer printout sheet.

All students participating in this experiment received

lecture and the same problem assignments. The textbook used

experiment was Introduction to Business and Economic Statistics,

edition, by John k. Stockton and Charles 7. Clark, South-eteln

Publishing Company. Each student was required to purchase a

the text. Both classes met 23 times and instruction was l(pt.
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nearly the same as possible. All homework assignments and evaluation

procedures were the same for all students.

The criterion measure used in this experiment was developed by the

researcher, and consisted of 50 multiple choice questions. Preceding

this experiment a 65 item multiple choice question test was administered

at Southern Oregon State College in the Fall quarter, 1974. An item

analysis was made of the test results, and a biserial r and point-

biserial r were obtained. The predetermined number of questions

in each category having the lowest correlation were eliminated to

determine the fifty items to be used in the criterion measure. The

items were placed in order of difficulty by category based on their

biserial r.

The test questions were then broken down in three question type

categories of recall, manipulative, and interpretive. These

categories would be used for later analysis.

To establish content validity on the test Di. Dale '2IcFarlane of

the Accounting and Quantitative Analysis Department, School of

Business and Technology, Oregon State University and Dr. Gary L.

Prickett, Chairman, Division of Business, Southern Oregon State

College, analyzed the questions and categories to be used in the

criterion measure. Their opinion was that the questions did measure

the principles and concepts which students should master in the first

six chapters of Elementary Business Statistics.

All students participating in the experiment were administered

the criterion measure as a pre-test at the first regular class meetinv
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The score obtained on this test was used as the concomitant variable

in the experiment design.

The criterion measure was then administered immediately tollowi.,r

the completion of the first six chapters of Elementary Business

Statistics. Only those students in attendance on the day of testinc,

were included in the analysis.

Findings

The coefficient of correlation between the student's pre-test

scores on the criterion measure and their post-test score. was .3578

and was significant at the .05 level of significance.

The method developed by lruder and Richardson was used to measure

the reliability of the criterion measure. The computed r was .6708

and was significant at the .05 level.

The analysis of covariance was used to compare the teacher-

assisted (control) laboratory group and the computer-assisted

(experimental) laboratory group students on the basis of the

the scores received on the criterion measures post-test, controllir.

the students' pre-test scores, the following hypotheses were teste;

1) The adjusted mean score achieved on the criterion measLe

students receiving traditional classroom instruction and teaches__

assisted laboratory instruction in Elementary Business Statistics was

not different from the adjusted mean score of students receivin

traditional classroom instruction and computer-assisted laberaoIv

instruction. The computed F was .0009, which was not sini1ica,lt
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the .05 level. Therefore, the hypothesis was not rejected and remains

tenable.

2) The adjusted mean score achieved on Category I of the criter-

ion measure by students receiving traditional classroom instruction

and teacher-assisted laboratory instruction in Elementary Business

Statistics was not different from the adjusted mean score of students

receiving traditional classroom instruction and computer-assisted

laboratory instruction. The computed F was .0543, which was not

significant at the .05 level. Therefore, the hypothesis was not

rejected and remains tenable.

3) The adjusted mean score achieved on Category II of the criter-

ion measure by students receiving traditional classroom instruction and

teacher-assisted laboratory instruction in Elementary Business

Statistics was not different from the adjusted mean score of students

receiving traditional classroom instruction and computer-assisted

laboratory instruction. The computed F was .0160, which was not

significant at the .05 level. Therefore, the hypothesis was not

rejected and remains tenable.

A two factor analysis of variance was used to compare the means

of:

a) the computer-assisted and teacher-assisted laboratories;

b) recall, manipulative and interpretive question categories;

c) their interaction.

The following null hypotheses were tested:

4) The mean scores achieved on the post-test of the criterion

measure by test question type categories of recall, manipulative ind
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interpretive, were found to be different. The computed F was

176.0728, which was significant at the .05 level. Therefore, the

hypothesis was rejected.

A comparison of recall type question means and manipulative type

question means were found to be different. The computed t-value was

-11.0105 for the teacher-assisted laboratory treated students. A

computed t-value of -11.4056 for the computer-assisted laboratory

treated students was obtained.

A comparison of manipulative type question means and interpretive

type question means were found to be different. The computed t-value

was 10.825 for the computer-assisted laboratory treated students. A

computed t-value of 10.5523 for teacher-assisted laboratory students

was obtained.

These comparisons were significant at the .05 level. All other

comparisons were not significant.

5) The mean scores achieved on the post-test of the criterion

measure when grouped by computer-assisted laboratory and teacher

assisted laboratory were not different. The computed F was

which was not significant at the .05 level. Therefore, the hypothesis

was not rejected and remains tenable.

6) The mean scores achieved on the post-test of the criterion

measure when comparing for interaction of test question types, recall,

manipulative and interpretive, with computer-assisted laboratory and

teacher-assisted laboratory treatments, were not different. the

computed F was .7841, which was not significant at the .05 level

Therefore, the hypothesis was not rejected and remains tenabi.
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Conclusions

The following conclusions were drawn based on and supported by the

data presented in this investigation:

I) The criterion measure used in this study has reliability and

is a good measure of achievement for the first six chapters of

Elementary Business Statistics.

2) The students in Elementary Business Statistics who received

the computer-assisted laboratory achieved statistically as well as the

students who received the teacher-assisted laboratory.

3) Through the use of a computer-assisted laboratory, it is

possible for the student to achieve as well as those receiving a

teacher-assisted laboratory, and allow the student to choose the best

time for him, for laboratory instruction.

4) Handling larger enrollments in Elementary Business Statistics

courses without additional staff will be possible through the use of

computer-assisted laboratories.

Recommendations

The subject of computer-assisted instruction is far from

thoroughly explored. Additional information is needed, and other

variables tested to increase our knowledge about the use of a computer

as an aid to educational programs. The following recommendations are

made on the basis of this study:
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1) Because of the flexible scheduling which the computer allows,

it should be used as a method of instruction in Elementary Business

Statistics.

2) The ease for the instructor to institute the computer as a

problem-solving tool to compliment his instruction makes it a

recommended method of instruction.

3) Low cost, and ease of administration, also make computer-

assisted laboratories a recommended method of instruction.

4) The computer and the computer-assisted laboratory materials

should be available to the student without a time limit.

Recommendations for Further Research

1) A study on the effective use of a computer-assisted laboratory

in second term (or a second course) of Business Statistics.

2) The effect of computer-assisted laboratories on student

motivation in Elementary Business Statistics.

3) The use of computer-assisted instruction in other

subjects, and how students achieve in those subjects.

4) Since no prerequisites were required, a study isolatiru

other variables that may effect success in Elementary Business

Statistics (i.e., mathematics courses, grade level, etc.) should he

explored.
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APPENDIX A

Instruction Sheet on Interaction with OS -3 Time-shared system

OS -3 CONTROL MODE
and

Control Mode Commands

OS -3 is a time-sharing system which uses the Control Data Corporation
3300 computer. This means that many users may be using the computer
simultaneously with each user having the impression that he, alone,
has the entire computer at his disposal.

Control mode is the means the user has of commanding the computer.
Control mode is indicated on the teletype by a pound sign (#) printed
at the lefthand margin of the teletype page.

To initiate a job on the teletype, use the following proceduce:

1. Turn the teletype power switch to the LINE position (to the
left).

2. Depress the "CNTL" and "A" keys at the same time. The tele-
type should respond by printing a pound sign (it).

3. Type in your job number and user code issued to you by your
lab instructor. There can be no spaces between any of the
letters or numbers. Follow this by typing the RETURN key
on the right-hand side of the teletype. (You have only 15
seconds to complete this task, so if the teletype does no-
thing after a pause of 1 or 2 seconds, START OVER AT STEP 2.)

4. If the number is valid and you have typed it in correctly
within 15 seconds, the teletype will: Overprint these numbers
so that they are unreadable; printout the current date and
time; and then print a pound sign (#) indicating that it is
in OS -3 Control mode and ready for your use.

To enter the SIPS statistical programs which you will be using, after
you have the pound sign (9k) you type in *SIPS and follow this with
a RETURN.

To return from SIPS to OS -3, type EXIT or "CNTL" and "A" keys.

To log off (terminate your use of the computer), you MUST be in OS-3
mode (have a # sign). Then type LOGOFF (followed by a RETURN). At

this time the computer will type the amount of CPU time and money you
used while on-line.



61

APPENDIX A (Continued)

NOTE: BE SURE YOU ALWAYS LOGOFF BEFORE YOU GET UP FROM THE TELETYPE
BECAUSE YOU ARE STILL CHARGED EVEN THOUGH YOU ARE NOT TYPING
ANYTHING.
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Com uter-assisted Laborator - Assignment # 1.

Instructions:

1. Logon the computer system as shown in the computer interaction

sheet.
2. To enter the SIPS statistical programs, type the folitn,'

command, after you receive the ( #) sign:

#*SIPS (then press the return key)
When you are entered into the SIPS command mode, the computer
will respond with a $ (dollar sign).

3. You will use the following SIPS calls in the following order
for each problem:

$VAR,1 (indicating you are using one variable)

$READ1 (telling the computer you are ready to enter
the items you wish to process.)

When the computer is ready to receive your data, it will
pond with an = (equal sign). Then you place your numbers in

the order they are listed. The computer will arrange them in

order. So you don't need to spend any time trying to order

the data items.
= 14.96,14.81, etc until at the end of the line, then
the return key which will allow you to go to a new line, and
the computer once again give you an (=) sign. Continu

process until all items are entered. Then return a w

line and type in EOF (which tells the computer that ati he

data items are entered.)
=EOF

Now you are ready to process the data items. The c.t
will respond with a $ sign.

4. To get the items processed to complete your laborat,t-;
sheet, use the following command:

$FREQ,1,S (and press the return key).
This will tell the computer to place your data
frequency distribution.

5. When your results are complete, be sure to follow the
tions on your interaction handout to get off the comp(:tn

system.

NOTE: If you make a mistake in entering your data, leave thc-
incorrect data item and continue as if correct until a
data is entered. Then when the last data item is entec,

the $ sign is given, you type in $LIST and list of

with a line number will be printed. You may then

incorrect item by using the $REPLACE option explain,,,;
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page 12 of your SIPS handout.

If you have any problems or questions about the time-sharing
terminal or your assignment, be sure to ask for help from your
laboratory instructor.

Based on your frequency distribution, complete the laboratory
assignment sheet.
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Business Statistics BA 232
LaUiatory Assignment #1

64

b

wEICHT

1,

Wi 80 CANS OF

(Ounces)

TOMATOES

14,96 it iit 14.71 14.11 14.83 14.74 14.85

14,81 14 84 14.88 14.89 14.79 14.76 14.89

34.93 1,,28 14.72 14.78 14.92 14.97 14.67

14.84 14u8 14.78 14.83 14.91 14.80 14.79

14,,/0 14./ 14.84' 14.98 14,72 14.85 14.78

I4,88 I../ s 1 4 7, 14.84 14.82 14.99 14.73

14.82 1, / 14 /': 14-86 14.89 14.79 14.81

14.78 14,, /4.h3 14.96 14.76 14.79 14.93

14,49 14.2. 14.82 14.84 14.72 14.85

14.67 14.81 14.78 14.70 14.73 14.61

14.79 14.9/ 14,1,/6 14.53 14.95 14.83

14,60 1(4.6 i 14.77 14.65 14.70 14.74

(a) 11Lrani 11,,? Jbove 80 .4eights in a simple frequency distribu-

tion.

(L 8hat I. cIat;s inteval of your frequency?

) haL a Iis limits of the first interval?

f,-,311u the. frequency distribution shows about
m in th,! wnights of the cans that were all

lilted 10; sanie ,hocninn,
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Computer-assisted Laboratory - Assignment # 2.

Instructions:

1. Logon the computer system as shown in the computer interaction
sheet.

2. Enter the SIPS programs (type in #*SIPS and return key).
3. You will use the following SIPS calls in the following order

for each problem:
$VAR,1
$READ1
=67,25, etc

=EOF
$MEAN,1 (you will receive your results then a $ and you

then type in the following command)
$MEDIAN,1

The same process is used for each problem.
4. When your results are complete, be sure to follow the instruc-

tions on your interaction handout to get off the computer.
5. When you are asked to identify the DATA TYPE, this refers to

whether the data is NOMINAL, ORDINAL, or INTERVAL (also in-
cluding RATIO). When you are asked to identify the CHARACT-
TERISTIC, this refers to whether the data is DISCRETE or
CONTINUOUS.

NOTE: If you make a mistake in entering your data, leave the incorrect
data item and continue as if correct until all your data is
entered. When the last data item is entered and the $ sign is
given, you type in $LIST and a list of all items with a iine
number will be printed. You may then replace the incorre(t
item by using the $REPLACE option explained on page 12 your
SIPS handout.

If you have any problems or questions about the time-sharing
terminal or your assignment, be sure to ask for help from yo!]:
laboratory instructor.

Based on your obtained results, complete the laboratory assign-
ment sheet.
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1. Employee
Number

4771

3 34

6 36

7 48

12 49

13 31

14 61

15 34
16 43

21 45

22 38

23 32
24 27

28 61

34 29

35 47

38 36

39 50

40 46

41 30

42 46

44 32

45 30

47 33

48 45

50 49
52 48

53 41

56 53

57 36

61 37

62 47

63 47

64 30

66 46

67 50

70 28

71 35

Business Statistics
Laboratory Assignment

Employee
Number

BA 232
#2

Employee
Age Number Age

---71--- 35 133 59

74 38 135 53

75 36 140 36

76 46 144 61

79 43 147 46

80 34 148 41

81 62 150 29

83 69 151 27

84 50 152 58

85 28 154 41

86 44 157 50

87 43 158 55

90 60 159 60

91 39 160 34

92 47 161 30

95 42 162 42

99 49 163 51

101 44 165 43

102 37 167 43

103 30 168 27

107 42 169 33

108 42 170

109 31 172 43

111 34 173 43

113 24 174 ,-.-7
114 38 175 42

116 59 176

119 41 181

121 43 183

122 50 184 29

123 40 189 39

124 41 191 lo

125 46 193 39

126 43 195 33

127 48 196 35

128 34 200 33

131 37 201 43

132 26 204 "1,:.

(a) What is the arithmetic MEAN age of the above empl,.
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(b) What is the MEDIAN age of the above employees?

(c) What do the above values tell you about the employees
of the company?

2. County

No. of
Plant Types County

No. of
Plant Types

Baker
Benton
Clackamas
Clatsop
Columbia
Coos
Crook

Curry
Deschutes
Douglas
Gilliam
Grant
Harney
Flood River

Jackson
Jefferson
Josephine
Klamath

15

62
80

71

19

35

16

25

10

40

12

10

12

55

42
28

36

26

Lake
Lane

Lincoln
Linn
Molheur
Marion
Morrow
Multnomah
Polk
Sherman
Tillamook
Umatilla
Union
Wallowa
Wasco
Washington
Wheeler
Yamhill

14

72

56

61

15

42

15

24

47

22

45

10

12

18
,,

2h

21
(:.,

The above are the results of a dairy study of the grazing value of
pasture plants for cattle feeding in the State of Oregon. The number
of plant types are listed by county.

(a) What is the MEAN of the above data?

(b) What is the MEDIAN of the above data?

(c) What is the MODE of the above data?

(d) What do the values in a, b, and c tell you?
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(e) What is the CHARACTERISTIC of the number of plants?

. What tells you that 3/out

choice of CHARACTERISTIC is correct?

3. Below are a series of test scores given to a class in Business
Statistics.

Student Number Raw Test Score Rank in Class

1 30

2 50

3 87

4 92

5 55

6 63
7 67

8 42
9 29

10 85

11 89

12 72
13 77

14 73

15 75

16 76

17 21

18 87

19 82
20 91

(a) What is the MEAN of the test scores?

(b) What is the MEDIAN test score?

(c) What is the MODE of the test scores?

(d) Rank the students from highest to lowest in the class.

(e) What TYPE of data are the raw test scores?
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(f) What TYPE of data is the class rankings?

69

(g) What is the CHARACTERISTIC of the raw test scores?

. Why did you choose your answer?

*****NOTEs If you computed the MEAN and MEDIAN in question # 2, go
back and review what type of data is being presented by
the number of plant types.
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Computer-assisted Laboratory - Assignment # 3.

Instructions:

1. Logon the computer system as shown in the computer interaction
sheet.

2. Enter the SIPS programs (type in #*SIPS and return key).
3. You will use the following SIPS calls in the following order

for each problem:

$VAR,1
$READ,,1
=50,19, etc

=EOF
SFREQHIST,1,(15,15,5) (you will receive your results, then

a $ and you then type in the follow-
ing commands after each)

$MEAN,1
$MEDIAN,1

4. When your results are complete, be sure to follow the instruc-
tions on your interaction handout to get off the computer.

5. When you are asked to identify the DATA TYPE, this refers to
whether the data is NOMINAL, ORDINAL, or INTERVAL (also in-
cluding RATIO). When you are asked to identify the CHARACTER-
ISTIC, this refers to whether the data is DISCRETE or

CONTINUOUS.

NOTE: If you make a mistake in entering your data, leave the incorrect
data item and continue as if correct until all your data is
entered. When the last data item is entered and the $ sign is
given, you type in $LIST and a list of all items with a line
number will be printed. You may then replace the incorrect item
by using the $REPLACE option explained on page 12 of your SIPS
handout.

If you have any problems or questions about the time-sharing
terminal or your assignment, be sure to ask for help from your

laboratory instructor.

Based on your obtained results, complete the laboratory assign-
ment sheet.
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Business Statistics BA 232
Laboratory Assignment #3

The following data table are sample of the life expectancy is years
of an insurance company's policy holders.

DATA TABLE --See last page for sample frequency)

50 19 31 34 42 89 67 68 50 50 36 33 29 33 32 36 39 42 15 31 35 40 40

46 60 64 69 70 46 21 28 29 40 39 43 38 33 35 84 75 50 49 46 37 33 34

33 23 24 60 71 52 49 46 44 47 47 38 36 37 37 44 41 77 78 80 48 49 48

46 49 50 55 63 64 44 43 45 50

(a) What is the MEAN of the above data?

(b) What is the MEDIAN of the above data?

(c) What is the MODE of the above data?

(d) What is the DATA type?

(e) What is the CHARACTERISTIC of the data?

Why did you choose your answer?
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** *NOTES The data table is given for the frequency distribution which

appears below and could be a description of data for this

problem. However, the computer sets the limits automadcally
for you so normally you don't start from a frequency dis-

tribution, but need only raw data (which is what you must

put in the computer).

LIFE EXPECTANCY
(years)

NUMBER OF POLICY
HOLDERS

15 - 19 2

20 - 24 3

25 - 29 4

30 - 34 10

35 - 39 12

40 - 44 11

45 - 49 14

50 - 54 7

55 - 59 1

60 - 64 5

65 - 69 3

70 - 74
75 - 79 3

80 - 84 2

85 - 89 1
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Computer-assisted Laboratory - Assignment it 4.

Instructions:

1. Logon the computer system as shown in the computer interaction
sheet.

2. Enter the SIPS programs (type in #*SIPS and return key).
3. You will use the following SIPS calls in the following order

for each problem:
$VAR,1
$READ1
=220,289, etc

=EOF
$CENTRAL,1 (you will receive your results then a $ and

you then type in the following commands
after each set of results)

$DESCRIBE,1
$IQRANGE,1

The same process is used for each problem.
4. When your results are complete, be sure to follow the instruc-

tions on your interaction handout to get off the computer.

NOTE: If you make a mistake in entering your data, leave the
incorrect data item and continue as if correct until all
your data is entered. When the last data item is entered
and the $ sign is given, you type in $LIST and a list o all
items with a line number will be printed. You may then
replace the incorrect item by using the $REPLACE option
explained on page 12 of your SIPS handout,

If you have any problems or questions about the time-sharikg
terminal or your assignment, be sure to ask for help from
your laboratory instructor.

Based on your obtained results, complete the laboratory assign
ment sheet.
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Business Statistics BA 232
Laboratory Assignment. #4

i* 20 Store Clerks Monthl Salaries

$220

289
300
335

375
375

380

380
415

419
427

433

444
480

490

500

505

520
590

612

(a) The MEAN of the above array is

(b) The MEDIAN of the above array is

(c) The RANGE is

The 1st QpARTILE is

(e) The 2nd nUARTILE is

(f) The 3rd QUARTILE is

(g) The INIEELLE1L411GE is

(h) The STANDARD DEVIATION is

(i) The COEFFICIENT OF VARIATION is

(j) Which of the above items which you have obtained ar-:
measures of central tendency and which are loasurs.

dispersion?
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AtaL2L211270-atta

27 43

28 45

29 45

30 46

30 46

30 46

31 47

32 47

32 47

33 48

34 48

34 49

35 49

36 50

36 50

36 53

37 61

38 61

41 67

(a) The MEAN of the above array is

(o) The MEDIAN of the above array is

(c) The RANGE is

(d) The 1st QUARTILE is

(e) The 3rd QUARTILE is

(f) The INTER-QUARTILE RANGE is

kg) The STANDARD DEVIATION is

(h) The COEFFICIENT OF VARIATION is

ki) As far as the way the two arrays are dispersed, which is the

most. scattered?

Why? or How do you know?
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(j) The middle 50 per cent of each array fall between which
values?

Salaries Array

Ages Array

(k) What values do approximately 68 per cent of each array fall?

Salaries Array

Ages Array
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Computer-assisted Laboratory - Assignment # 5.

Instructions:

1. Logon the computer system as shown in the computer interaction

sheet.
2. Enter the SIPS programs (type in #*SIPS and return key).
3. You will use the following SIPS calls in the following order

for each problem:
$VAR,1
$READ1
=22,22,23, etc

=EOF
$FREQHIST,l,(22,15,3) (you will receive your results then

a $ and you then type in the follow-
ing commands after each set of
results).

$CENTRAL,1
$DESCRIBE,1

4. When your results are complete, be sure to follow the instruc-
tions on your interaction handout to get off the computer.

NOTE: If you make a mistake in entering your data, leave the
incorrect data item and continue as if correct until all your
data is entered. When the last data item is entered and the
$ sign is given, you type in $LIST and a list of all items
with a line number will be printed. You may then replace the
incorrect item by using the $REPLACE option explained on page
12 of your SIPS handout.

If you have any problems or questions about the Lime-sharing
terminal or your assignment, be sure to ask for help from
your laboratory instructor.

Based on your obtained results, complete the laboratory assign-
ment sheet.
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Business Statistics BA 232
Laboratory Assignment #5

The following data table of ages of borrowers at a bank are listed.

The ages are rounded to the nearest birthday.

DATA TABLE ***(See last page for sample frequency)

22 22 23 25 26 27 28 29 30 30 31 31 31 35 35 36 36 37 37 38 38 39 39

40 40 40 40 40 40 41 41 41 41 41 41 42 42 42 42 42 42 42 43 43 43 43

43 43 43 43 44 44 44 44 44 45 45 45 45 45 45 45 45 45 45 45 46 46 46

46 46 46 46 46 47 47 47 47 47 47 47 48 48 49 50 50 50 50 52 54 54 57

57 57 57 58 59 61 61 65

(a) The MEAN of the above data is

(b) The MEDIAN of the above data is

(c) The MODE of the above data is

(d) The 1st QUARTILE is

(e) The 3rd QUARTILE is

(f) The INTER-QUARTILE RANGE is

(g) The VARIANCE is

(h) The STANDARD DEVIATION is

(i) The COEFFICIENT OF VARIATION is

(j) The MEASURE OF SKEWNESS is

78

.11111.afaro...wo

(k) With the above values, how would you describe the banks

loan customers?
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(1) What is the value of the coefficient of vai4tioo useli

***NOTE: Thc data table is given for the fr(ilry
appears below and could be a descriotAon of da *is
problem. However, the computer sets rhF.:
for you so normally you don't start frol9 a
triL;ution, but need only raw data (whi0i ,w1s,

put in the computer).

AGE NUMBER OF BORROWERS

22 - 24 3

25 - 27 3

- 30 4

3i - 33 3

34 - 36 4

3-39 6

40 - 42 19

43 - 45 24

46 - 48 17

49 51 5

- °J4

5'1 - 5/ 4

5k - 60 2

61 - 63
- 66
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Background
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The advent of effective interactive computing systems has granted
statisticians access to flexibilities in their analysis and interpretation of datathat were previously difficult and tedious, frequently to the extent that they
were infeasible. So also have these systems permitted users of statistics
other than statisticians to concentrate on interpretation of their experiments
rather than on details of computation.

Useful computing machinery and programs will be nearly universally
available to the scientific community in the very near future, therefore it is
also essential that instructional methods be revised to exploit them. InteraC-
tive systems allow students to explore concepts and techniques which previously
received only abstract treatment, and to relate their own fields of interest to
the general foundations through deep and thorough examination of real data
collections-

The first generation of statistical analysis programs for interactive
systems has generally employed techniques adapted from programs designed
for batch processing. Gradually, there has been an evolution of techniquesintended particularly for time-shared systems.

Interactive use grants the computer user a unique freedomhe need not
completely specify the entire sequence of steps his analysis is to consist of;
he may examine intermediate results, then decide to modify his future stepsor his data. To the statistician this freedom is especially important, for totruly understand a data collection he must be permitted to examine it readily
in a variety of ways. Often the exact steps his analysis should take cannot bepredicted in advance. In that case he may either demand excessive computa-tions or leave some aspects of his problem unexamined.

To assure full exploitation of a system with interactive capacilities it is
necessary that the programming be based on principles which require partici-
pation. There are many advantages to having libraries of general purpose
statistical routines. This manual describes one such system--developed for
interactive use in instruction and in elementary data analysis. Although someof its features are regarded by many users as being non-elementary, this is
largely because of the computational difficulties heretofore involved. Withthe computational power and rapid response afforded by the interactive system,
the difficulty of such procedures is evaluated by the nature of their interpreta-
tions rather than the nature of their computations.

"Interpretive languages such as BASIC, OSCAR, and APL have provided
great flexibility toward quick programming and have to a certain extent
obviated the need for and use of program libraries.

(i)
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Outside support for these developments has come from the National
Science Foundation (through grant GJ-499 in support of use of computersin
statistics instruction) and from the Oregon Agricultural Experiment Station.
The Department of Statistics has coordinated the development and determines
the validity of the computational techniques which have been used- The OSU
Computer Center has provided staff and systems support:

This manual is preliminary in the sense that development of the system
is continuing and that new features will be implemented. The system has
provision for users to obtain information on additions and changes as they
occur. The manual will be revised from time to time.

Because of the availability of the 053 operating system on OSU's CDC-
3300. the statistical system has been designed primarily for this one machine.
The principles, however, are readily adaptable to any system offering genuine
interactive capability. To adapt to another system, one would need to provide
a command processing monitor similar to the one we have constructed.
Statistical computations are executed upon request from the command proces-
sor; most of these are done with overlays written in FORTRAN IV. These
overlays, with suitable provision for input/output modifications, should be
transferable to any of several systems.

Throughout this manual, it is assumed that the reader has at least crude
familiarity with the 0S3 operating system, and (where necessary) with FORMAT
statements used in FORTRAN. This familiarity is not necessary to understand
how the system is used, but it is (somewhat) necessary to actually using it.



83

APPENDIX C (Continued)
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':SIPS (continued)
REPLACE 12 STDERRM 21 T -SQ 22
REWIND 6 STDEV 21 TS C1 M 22
R MD 20 STOPLOG 6 TTEST 22
RSUMSQRS 20 SUM 21 TTYOFF 7
SCATTER 20 SUMSQRS T T YON 7
SIGNEDRANK 21 T 22 UNEQUIP 6
SIGNTEST 21 TABULATE 22 VAR
SKEWNESS 21 TIME 8 VARIANCE 23
SPACE 7 TRAFFIC 8 WiLCOXON 2.3
STANDARDIZE 12 TRANSFORM 12 7EROALLOW 10
STATUS 8 TSS 22 ZERODELETE 10
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ADD 25 END R SQ 27
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The SIPS System

The Statistical Interactive Programming System 1.SIPS) has been
developed to provide interactive program library support for statistics instruc-
tion and for elementary data analysis. It may be used from any teletype or
CRT display connected with the CDC-3300 and the 0S3 operating system.

SIPS is an interactive command processing system. The user issues
brief commands to SIPS, and (when'appropriate) SIPS responds with statistical
or other information, then awaits another command. This form of use is con
ceptually somewhat different from calling for the use of computer library
programs; it is more similar to the issuing of directions to an attentive
reliable assistant who responds only to a certain finite number of simple
verbal stimuli. This form of us,' gi'.'es the user control over the computer
he is using it and telling it what to do rather than responding to it. Although
the structure of SIPS has been designed to encourage interactive use, SIPS
may also be used in hatch processed mode.

There arc a few serious limitations to a system, such as SIPS, based on
a finite number of commands. Perhaps most important, the user loses the
flexibility he has when he writes the program himself: he must accept the
programs as they are written. These programs, since they are individually
rather elementary, are easily verified and are the ones which one would use
as subroutines when he is programming an entire analysis. Certain kinds of
output generated by SIPS may he stored within the files of the 053 system for
future custom-programmed analysis.

From an instructional standpoint, there is another serious limitation to
the use of SIPS, as well as to the use of library programs in general--the
student is unable to experiment with the computational algorithm itself. SIPSis not intended for this type of instruction. It is intended for the student who
can accept computations programmed by others, with due recognition of thehazards thus incurred.

Structure of SIPS

The SIPS monitor functions in much thy same way as the OS3 control
triode roonitor, or the BASIC, dnd OSCAR monitors (:,,orrol is I r,11ISferred to successively lower ech,lons --Nrst

EDIT) USCAr.21

I REGRESS I NT C AR LO
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z

from 0S3 control mode to SIPS; then (perhaps) from SIPS to one of the major
subsystems of SIPS. Many statistical information requests are processed
directly by the SIPS monitor, other analyses (for example regression analysis)
require that control be transferred to one of the major subsystems. Some of
the major subsystems are "active", allowing the user to interact 'Kith the data
as it is being processed; others are "passive", requiring the complete specifi-
cation of the analysis steps to be executed before any computation is done by
the subsystem. REGRESS (for regression analysis) is an example of an active
subsystem; MONTE-CARLO (for random generation of samples and their
statistics) is a passive subsystem.

There are nine types of commands the user may issue to SIPS:
Initiation and termination
File management and external z.ecording
System information requests
Input /Output
Data modification
Arithmetic error detection
Batch processed operation
Statistical information requests
Major subsystems

Each of the commands is explained, with illustration, in the following section
of this manual.

SIPS Data Structure

Successful operation of an interactive program library is dependent on
careful organization of the data to be analyzed. In order to retain the greatest
possible level of flexibility SIPS data is organized in tabular form. One
visualizes a table of data, as he might have before him we re he to record his
observations on a large piece of vertically ruled paper. Each column is called
a variable and each entry in that column is called an observation on that vari-
able. The space available for data tables is adequate for most analyses, 1).1t
some limitations are discussed on page 5.

Variables
1 it 3 V

7.97 1 41 10.75

1.73 1.71 11 12

2.32 2.00 77

L. S!.

-I. 75
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At the initiation of SIPS use, the user specifies the maximum number of
variables he plans to use; in effect he tears off a sheet of paper lined with that
many columns. His subseqiicnt computations may use no more than that num-
ber of variables (columns) although he may replace data on some variable with
new data when he wishes. (The old data is then lost.) Specification of too
many variables may cause slow response, and limits the total amount of data
which can be stored.

Different variables may contain different measurements on the same
subjects (e g., height is variable 1, weight is variable 2. etc. ), or they may
represent different samples entirely (e.g., female IQ's are variable 1, male
heights are variable 2, etc. ). Some SIPS commands "create" observations by
transforming other observations or "randomly" generating values.
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II Operation of SIPS

The following describes the commands available to the SIPS user. It is
assumed that he is using either a teletype or a CRT display Terminal (most
commands are valid for either terminal). Following the usual 053 procedure,
he "logs in" and, if he wishes, prepares his data files by using EDIT.
(Review of the section on input/output will aid this choice.)

Before issuing each command, the user should await the printing of the
system response character. In 0S3 control mode. the response character is
"p", in SIPS it is 0$", and in the subsystems it is ":". The system response
character indicates that the computer is ready to accept another command
from the terminal. In the following discussion, the displayed commands
include the system response character to indicate whether they are 0S3,
SIPS, or subsystem commands. It is not necessary that the user type the
system response character since it will already have been supplied by the
computer. Batch processed jobs are prepared by punching each command in
a card. All commands are available for hatch processing except for the few
which require response from the user.

The general form of the commands in SIPS is a mnemonic operation
designator. followed by a set of parameters, usually referring to the vari-
ables to which the indicated operation is to be applied After the command is
given, it is transmitted to the computer by typing "Carriage Return" on a
teletype or "Send" on a CRT. A teletype user may correct typing errors dis-
covered before the command is transmitted to the computer by using "Ns." to
delete the preceding character. Repeated use of this character causes the
deletion of the corresponding number of characters. An entire line may be
deleted by typing "Alt mode", "(Control, W)", or "ESC".

In much of the following we use the notation <list> to indicate a series; of
integers, usually referring to a collection of variables. In general, a <list>
contains integers separated by dashes (-) or commas (, I. The notation 1-3
indicates the integers 1 through 3 inclusive. The notation 1, 3 indicates the
integers 1 and 3 alone. Thus, the <list

1-4, 7, 9 -11, 13

has the same meaning as the <list>
1,1,3,4,7,9,10,11,11.

The terminology <value> indicates that the user should supply a numerical
value. The numerical value may be any real number.

. Initiation and Termination Ci,rnmp_nds

':'SIPS 111

:VAR
i.EX1T

it
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To initiate SIPS use, the user types the control-mode command

#*SIPS

Response will be a message, followed by a $. When the $ appears, SIPS is
awaiting .further commands.

To clear the data tables, and to start a new problem, one types
$VAR, n

The integer n specifies the maximum number of variables which may be
used. For example if

$VAR, 10

is typed the user may use at most 10 variables The maximum number of
variables one may specify currently is 50. The total number of entries in
the data tables may not exceed 15,000. If one specifies VAR, 1 he may have
15,000 observations on that variable, but if he specifies VAR, 10 no one
variable may have more than 750 observations.

After SIPS has been in use for some time, the VAR command may be
used to clear all data tables in order to start a new problem. VAR does not
return file management and external recording parameters to their initial
value s

At the conclusion of SIPS use, the user should type
$EXIT

Control will be returned to 053 control mode.
MI It may be necessary to interrupt (by pressing the break key) SIPS
GO operation during execution of some command. In order to regain control of

SIPS without losing accumulated data, the user may type either

or
#MI

#G0

MI causes control to be returned to the user with the system awaiting his
next command. GO causes resumption of execution of the command which
was interrupted, with possibly some loss of output.

Once control has passed to 053 (as indicated by the # on the terminal).
typing ,:'SIPS will completely re-initiate the SIPS system with all previous
data destroyed. MI or GO will not harm current data.

B. File Management and External Recording Commands
EQUIP UNEQUIP REWIND EJECT
LOG STOPLOG COMMENT SPACE
TTYON TTYOFF
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The commands EQUIP, UNEQUIp: and REWIND perform the satrue
function as they do under OS3 control. For example

$EQUIP, 3= EPEE.

designates that logical unit 3 is a scratch file (one which is lost whet,, 053
use T3 terminated).

$EQU IP, 3 :=SIP DAT A

would designate that the saved file SiED.\TA is to be regarded as logical
unit 3. The UNEQUIP command terminates the association caused by
EQUIP, for example

SUNEQUIP,

To "rewind" logical unit 3 one types

$REWIND, 3

Logical units available to SIPS are restricted to 1-49. The 0S3 file
management commands FP, REP, SAVE, DELETE, RELEASE, EWSP,
BKSP, SEEF, and SEFB are also available to SIPS.

It is frequently useful, especially when using a CET terminal, to have
a permanent record of the commands issued to SIPS and the results they
produce. The command

SLOG, n

will create a record of all transactions with SIPS on logical unit n. To use
LOG, we must first designate a logical unit where the information is to he
written, therefore the proper sequence is

$EQUIP, 1.FILE

SLOG, 1

Following these commands all commands and their responses will be
recorded on the "LOG unit", i.e. , logical unit I. At the conclusion of
SIPS use, one may treat the file created by 1,00 as he would any 053 file.
Each r ec>rd contains a standard FORTRAN earriage control character
make a copy -,r1 the line printer, hf, ,optld Hoe (Li. 053 control mode;

ttEc_pilp, 3- I.P

!,;(nao-io ,,I .P?r)

fiCOPY, IN -! /Et ()it I' 3, S-

fhe use Cui:-'y or 1 Al3Fll the iiata table,
If oak ._.>,>y one reay Sic kJ.
I,P, rcoeiioliering, the 1.0 Utc t,ci or , SO'S initiated Thecomolatcl

1001.00
itaaseii cm din which v.:a.; initiated `.), diiruro.J.,ilai
t i l e stays H . ? ? ? , ? l r e ? . , 0 , . . . 1 tutus nttl 1er.her i st
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COMMENT
EJECT
SPACE

TTYOFF
TTYON

LOG is especially useful to CRT users who obtain no other hard copy oftheir results. LOG is not available in hatch processed jobs.
The command

or
$COMMENT. <character string>
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$C, <character string>
causes the printing of the given character string on the LOG file. Thismight be used to recall why a given step in the analysis was taken, or toinsert any other relevant comments in the permanent record. This featurealso is especially useful to CRT users The command

SEJECT
causes the LOG file to space forward to a new page. The command

$SPACF., n

causes printing of n blank records on the LOG file.
One of the main reasons for using the LOG command is to speed upthe output process when large amounts of output are generated, and whenthere is no requirement for immediate interaction with this data. Since theteletype is a slow output device, time may be saved by not using it for suchoutput. The command

$TTYOFF
causes output to be sent only to the unit designated in the LOG command.The command

$TTYON
causes teletype output to be resumed. TTYOFF will not be accepted unlessLOG is active.

TTYOFF and TTYON are non-functional when using a CRT terminal.
Example: The following is an example of the use of these commands.

$EQUIP, 1 =FILE
SLOG, 1
$VAR, 7

(SIPS commands)
$TTYOFF

(SIPS commands)
$VAR, 8
$TTYON
$STOPLOG

(SIPS commands)
$EXIT
#EQUIP, 3=LP
#LABEL,3/<narne>
#COPY, 1=1 /R, 0=3, S 0
#LOGOFF

transfer of control to SIPS
designation of LOG unit
initiation of recording on LOG unit
specification of number of variables

discontinuation of TTY output

clear data tables, start new problem
restore TTY output
discontinue recording on LOG

return control to OS3
create printer file
label output
copy LOG to, printer
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INSTRUCT

NEWS

C. System Information Requests

INSTRUCT
NEWS
STATUS

Several commands are available to the user which ?roduce informa-
tion concerning the operation of SIPS and the current status of systemparameters.

To obtain directions on the use of SIPS conrnands, one may use eitherof two versions of INSTRUCT. To H)tain a list of ail commands available toSIPS user, type
SINSTRUCT

To obtain brief instructions on the use of any command, type
$INSTRUCT, <command name>

For example, to find out about the command MEAN, one types
$INSTRU CT, MEAN

Through INSTRUCT, the list of available commands aid their applications
may he updated as new programs are introduced.

From time to time it may he necessary to modify the "rules" for SIPS
use, or to introduce other major changes which will affect SIPS operation.Typing

$NEWS

will produce a description of such changes. This command is pertinent toSIPS alone and is not to be confused with the OS3 command H*I\IEWS.
STATUS Typing

TiME
1.ER'tFFIC

will display the current status of the parameters affecting the systemoperation of SIPS, including the input and output format specifications
TIME may be used to eleterm r.e ;,os, -ou.h IT C1 tio).e has been usedsince logging on to the 0S3 system: y used to cleterri-,Ine thenumber of users currently usir.;,, 053. In some e. ,rations, particularly theuse of the REGRESS and MULTIVARIATE sub-systcms or large data ,ollec-tions, system response lime tray he rather slow when TRAFFIC

Users may wish to schedule such analyses ay..iy Torn peak usage lieu s.
0. Tnuut and Cutout of Data

READ /.1:ROP...L 1.0W FORMIN
FORMAT FORMOUT
KEORMAT KDLC K FORNIIN
OUT LIST K ORNIOUT
ZERODELLITE STORE
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READ Data may be read into or appended to the data tables of SIPS from
scratch or saved files, or directly from the terminal. To read data, one
types

$READ, <file>, <list>

To append further data to already existing SIPS data, one types

$APPEND, <file>, <list>
The terms <file> may he (1) a saved-file name, (2) a scratch file (logical
unit number), or (3) missing. If it is missing (there must be two commas), it
is understood that data will be supplied by the user from the terminal. The
user supplies data values one by one as requested; when he is finished he
types EOF (end-of-file). Data supplied from the terminal is in free-form.
The user may enter as many values at once as can be fitted on a single
line. The EOF message must stand alone.

The <list> contains the variable numbers into which the data is to be
read. For example, the command

$READ, DATAFILE, 1

would read the data in DATAFILE item by item into the SIPS data tables as
variable 1. Separation of variable numbers in <list> by a comma indicates
that they are regarded as individual variables; separation by a hyphen indi-
cates that they are lower and upper limits in an inclusive sequence of
variable numbers. For example

$READ, DATAFILE, 1, 3 -5, 7

would cause the values in the saved-file DATAFILE to be read into the data
tables as SIPS variables 1,3,4,5, and 7. Reading cycles through these
variables, i.e. , one value is read for variable 1, then one for variable 3,
then one for 4, and for 5, and one for 7. Then the sequence is repeated
over and over until the end of the file is reached, however all of the vari-
ables in <list> will have the same number of observations. ''Left over"
values will be lost. For example, if etata is being read into 1,3-5,7 and
34 numbers are encountered, the last four will be lost.

If the <list> is omitted from the READ and APPEND commands, it is
understood that the data is to be read into all of the variables.

FORMAT Data is read in free-form unless the user indicates that he wishes to
FORMIN use a given FORTRAN format. The command

$FORMATAstring)
specifies that the string is to be used as the format for reading and append-
ing. Only the E, F, and X format specifications may be used; the total
length of a SIPS command may not exceed 78 characters, therefore
FORMAT statements must not exceed 71 characters including opening and
closing parentheses. For example,

$FORMAT, ( ZFIO.
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KFORMAT
KFORMIN

OUT
FORMOUT
KFORMOU T
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indicates that data is to be read in 2F10.5 format. The command FORMIN
is synonymous with FORMAT. Once the FORMAT 'FORMIN) command has
been given, all reading and appending will be done under control of that
format string until the command

$KFORMAT

(or KFORMIN) is issued, whereupon reading in free-form is resumed until
another format is specified.

As in the execution of a FORTRAN program, if an illegal FORMAT
statement is encountered, execution of READ is terminated and control is
returned to 0S3. Control may be restored to SIPS by typing Ml.

Free-form data need not be organized into individual records in the
source file. Values are read one by one as they appear. Formatted data
must, however, be organized so that each cycle through the <list> in the
READ statement is contained in a separate record.

Data may be written on a file by using the command

$OUT, <file>, <list>

This command writes the data for the variables in <list> on the specified
<file> in free-form, or in the format given by

$FORMOUT:(string)
The command

$KFORMOUT

removes the output format specification and returns output to free form.
The <file> may be a saved or scratch file, or it may be a printer file.

ZERODELETE One often encounters missing observations in a data collection and
ZEROALLOW wishes to have the system recognize them as such when the are read.

The command

DUG
KDLC

$ZERODELETE

causes SIPS to regard any data value equal to zero as a missing observa-
tion when reading. If a subsequent READ command should regard zeroes
as legitimate data values, the command

$ZEROALLOW
reverses the effect of ZERODELETE. Initially zeroes are regarded as
legitimate, they are regarded as missing values only after ZERODELETE
has been used.

If a character other than the number zero is used to represent missing.
data values, the command

$DLC, <character>
may he used. For example

$DLC, X
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would regard each occurrence of the character X as representing a missing
observation and the observation being read at that time would be regarded
as such The missing observation character must be preceded in the data
record by at least two non-numerical characters to be recognized. To
resume normal reading, type

$KDLC

When reading in DLC mode only one record tray be read at a time, hence
the use of the "I" character in a format statement to indicate multiple
records is not permissible- Only one roissini2, observation character may
be used, although DLC and ZERODELETE. may be simultaneously effective.

To display the values in the SIPS data tables one uses the LIST com-
mand,

$LIST, <Usti >, ( <list2 >)

<Usti> contains the variables, and <list2> contains the observations on
those variables which are to be displayed. Omission of either list causes
all values to he listed. For example,

SLIST

causes display of all observations;
$LIST, 1 -3

causes display of all observations on variables I, 2, and 3; and
$LIST, 1 -3, (2, 4)

causes the display of the second and fourth observations on variables 1-3
(Note the use of parentheses around <list2>.) If one should wish to list an
entire observation vector, e. g. , the second observation on each variable,
he could request

E. Data Modification

$LIST, (2)

ADJUST
ERASE
REPLACE
SCALE
STANDARDIZE
TRANSFORM

ERASE From time to time it is useful to remove one or more observations
from the data collection- The command

$ERASE, i, <list>

"erases" the observations on variable i given in <list>. Those observations
will no longer be considered part of the data on that variable; their values
will he regarded as missing.
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..t.E..2PLACE The command

INCREASE
.MULTIPLY

j, <value>

will cause the replacement of observation j on variable i with the given
arithmetic value. Only one observation is replaced by each use of the
command. That is, REPLACE, 2,5, 32.2 would cause the 5th observation
a variable Z to have the value 32. Z.

To add a constant to each observation on variable i, one may use
$INCREASE, 1, <value>

To multiply each observation by a constant one types
$MULTIPLY, i, <value>

That is, INCREASE, 5,11.5 would cause I 1.5 to be added to each observation
on variable 5, and MULTIPLY. 3, 7. 2 would cause each observation on vari-
able 3 to be multiplied by 7. Z.

STANDARDIZE

TRANSFORM

The most frequently used adjustment and scaling of data is
standardization (subtraction of the variable's mean and division by its
standard deviation).

$ STANDARDIZE, i

causes the observations on variable i to he replaced by their standardized
values, and

$ STANDARDIZE, i, j

causes the standardized values of variable i to be stored as variable j.
It is frequently necessary to apply arithmetic and logical trans-

formations to data in order that it be in the form required for the
intended analysis. For example YZ may be a more meaningful variable
than Y; or (Y1 +Y2) may be used as the independent variable in a regres-
sion analysis, rather than and Y? separately.

The command

$TRANSFORM, T, I.,, hl, N

creates observations on variable L by applying transformation T to vari-
ables M and N. (In many situations the transformed data will be created
from one variable alone, and it is unnecessary to supply a value for N
The currently available transformations are:
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ZiNfRUCT,IRAISFONA
TRX,ISFORM,TALIM,A

I TRAISFOMATION
01 - f(L)=Y(M)
02 - Y(L)=Y(M)*Y(A)
03 - Y(L)=Y(M)-Y(A)
04 - Y(L)=Y(.')*Y(A)
05 Y(L)=Y(A)/Y(N)
06 - Y(L).1ATURAL LOG OF Y(M)
07 Y(L).E 10 THE POWER Y(',1)
09 - ?(L)-.Y(M) 10 THE POWER A
09 - Y(L)=1./Y(M)
10 - Y(L)=SIN(Y(M))
11 Y(L)=COS(Y(d))
12 - Y(L)0SGIRT(Y(M))
13 - YCL)-LOG BASE 10 OF Y(M)
14 - Y(L)=ARCTAN(Y(1))
15 - Y(L)=Y(M) /A
16 - Y(L)=-Y(M)
17 - Y(L) =Y(M) TO THE POWER Y(q)
18 - Y(L)=Y(M)
19 - Y(L)..01(YM),Y(A))
20 Y(L)=NAY(Y()0Y(1)) )

21 Y(L)=ABSOLUTZ VALUE OF Y(M)
22 - Y(L)=Y(L) WITH SIGN OF Y(M)
23 - Y(L)=1. IF Y(M).0E4Y(N), ELSE UNCHANGED
24 Y(L)=1. IF Y(M).LI.Y(A)s ELSE UNCHANGED
25 - Y(L)=I. 7F Y(M).SQ.Y(N), ELSE UNCHANGED
26 Y(L)=Y(N) IF Y(L).EC1.Y(M)p ELSE UNCHANGED
27 - YCL).Y(N) :F Y(L).LE.YCM), ELSE UNCHANGED
23 Y(L)=Y(N) IF 'Y(L).GT.Y(M), ELSE UNCHANGED
29 - Y(1.)-e:J) WHERE JaY(M)
30 - Y(L)=ARCSIA OF .1.'(M)
31 - Y(L)mARCCOS OF Y(M)
32 - Y(L)=ORDER STATISTICS OF Y(A)
33 Y(L).*Y(M) IF Y(A)wY(A), ELSE UNCHARGED
34 - YU-1).GZ.Y(M), ELSE YCL)..0
35 - Y(L)=1. IF N).LT.Y('i), ELSE t(L)=0
36 - Y(L) =1. IF Y(A).EO.Y(N), ELSE Y(L) =0
37 Y(L)=RA1X3 02 Y(ti)
33 - iF 1.(M),GE.Y00,

ELS
39 - f(L),,1S3I0

EL1SZ UsiZAJG7.:ID
40 *. Y(L),1S5ING Y(N).EQ,Y(N),

ELSE UICHANGED
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For example, the command

$TRANSFORM, 3, 7, 5, 6

will cause the observation on variable 7 to be the difference between those
on variable 5 and those on variable 6 (i. e., Y7s Y5 -Y6).

$TRANSFORM, 12, 3, 2

causes variable 3 to be the square root of variable 2, and either
$TRANSFORM, 8, 5, 4, 2

or
$TRANSFORM, 4, 5, 4, 4

causes Y5=Y42.

When using TRANSFORM, one may (with a few exceptions) destroy
one of his input variables if he wishes. For example,

$TRANSFORM, 8, 5, 5, 2

would replace each value of Y5 by its square.

In order to provide for use of an artificial constant variable in a
transformation, one may designate either M or N to have fixed values by
typing an "=" sign followed by the value. The TRANSFORM command thus
takes the general form

STRANSFORM, T, L, M, =<value>
or

$TRANSFORM, T, L, <value >, N

For example

98

$TRANSFORM, 4, 3, 3, =7. 5

would cause each observation on variable 3 to be divided by 7.5.
In some situations transformations may request that undefined opera-

tions be performed, for example the square root or logarithm of negative
numbers. When this happes, the new observation is recorded as being
missing data and a message is printed that one or more of the new data
values are missing.

The command

$INSTRUCT, TRANSFORM

will produce a list of the available transformations.

. Arithmetic Error Detection
u-AULTS In sonic computations it may be necessary to carefully monitor cornpu-

OFAULTS tations to assure that certain illegal arithmetic operations (e.g. , division by
zero) are not executed by the computer without the knowledge of the Lt3Cr
The comrnand

$FAU L TS
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requests that the system announce such illegal operations when they occur.
The command

$NOFAU LTS

reverses this request. Unless $FAULTS is types it is assumed that the
user does not wish to use this option. It is unnecessary for roost users to
monitor faults.

G. Batch Processed Operation
Although its primary feature, interactive analysis, is lost SIPS may

also be used in hatch processed mode. The user merely inserts a card
containing

7
d'SI PS

following his job card and any other 0S3 cards he may use. Each subse-
quent card contains one SIPS command. The last command should be
EXIT, which returns control to 0S3. Any SIPS commands which do not
require response from the user are valid in batch processed mode.

Keypunch or other errors may create commands which cannot be
interpreted by SIPS. If one were using a terminal, he would be immedi-
ately informed and could correct his error. In batch processed mode,
however, he cannot immediately respond and he may lose the entire job
because of one simple error.

In normal operation such errors are ignored. If a user wishes to
protect himself and to discontinue processing whenever errors are
detected, he may type

$ABORTON

To reverse the effect of ABORTON he types

SA BOR TOFF

H. Statistical Information Requests
Each of the foliowi:4g SIPS commands produces certain information

concerning the data in the SIPS data tables. Some commands produce a
single number, others produce several numbers describing a property or
properties of the data

Interpretation of these statistics is left to the user; it is assumed
that he has a 1-Jsie familiarity with statistical terminology. Formulas
used in the cot..pu:ations have been chosen to be those regarded as
"standard' by statistici-r. In some applied fields, slight variations from
these formuls are generally used. Users from these fields should verify
that the proper formulas are being used for their particular computations.

In the formulas, the symbol yij indicates the j}.' observation on vari-
able i, the symbol 7i indicates the average value of variable i, and r,1
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indicates the total number of observations oil variable i. si2 and si are
the sample variance and standard deviation respectively.

The notation Yi(i.) refers to the j th
j
thorder statistic (i.e., smallest

value) of variable i. the smallest observed value of i is Yi(i), the largest
is Yi(ni)

Some of the requests involve specification of two variables, denoted
i and j. Some allow an arbitrary number from a single variable to all
variables. This option is denoted by the term <list>. In some requests
reference is made to two lists separated by a slash (/).

To issue a request, the user types the name of he request, followed
by the appropriate variable numbers. For example, the request

$ EAN , 10

\-

will cause the printing of the average value of the observations on variable
10. The two-sample Hate lling's T statistic :eight be requested by typing

VT-SO, 1, 2, 3 /4,5, 6

Some of the requests include provision for optional data and/or user
control of presentation. These provisions are invoked by supplying an
extra character (usually "C or "S") following the list of variables.

AUTOCORR, <listl>/i<listZ> requests the autocorrelations of the variables in <list?> oforders in <listl>. For example,

$ AUTOCORR, 1-3 /2

requests the autocorrelations of orders 1,2, and 3 for variable 2.
ni-k

7.)(Y -Y )(Yi, j+k

k, i n.

(Y..
j

)2

j = 1

AVERAGE, <list> requests the average value Yi of the variables in <list>. This gives
the same computation as MEAN, <list>.

ni

Y. , Y../n
it

I

CENTRAL, <list> requests several measures of location for each of the variables in
<list>.
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COEFVAR, <list> requests the coefficient of variation for the variables in <list>.

s.2/ Y
2

COMPARE, i, j requests means and variances of variables i and j and the unpaired
COMPARE, i, j, C t-Statistics for comparison of means. The "C" option requests, in

addition, a confidence interval estimate of the difference between
means.

CONTAB, i, j requests a contingency table comparison of variables i and j, and
computation of the chi-square statistic for testing their independence. The
program furnishes the maximum and minimum values of each of the vari-
ables, then requests that the user supply description of the separation of
the observed values into intervals.

CONTAB, i, j, S requests the same information as CONTAB, i, j except that division
into intervals or categories is based on the observed values of the observa-
tions. There will be as many categories representing each variable as
there are distinct values of that variable.

The "S" option on CONTAB is most useful when data are discrete.
For example, if the values I, 2,3,4 were to indicate freshman, sophomore,
junior, and senior and were stored as variable i, and if male and female
were 1 and 2 represented by the value for variable j, then the resulting
contingency table would be 4x2. The "S" option saves the user the trouble
of specifying (seemingly artificial) values for interval lengths.

If the number of intervals encountered on either variable exceeds 10,
the "S" .3ystem will he rejected.

CORRF_j..P.TION, <list.' requests the product-moment correlations coefficient among
the ixoriables in <list>. Sample sizes must be equal.

(Yip. ( ) / n 1 ls s
tic j j

k =1

= covariance (i,j)/s.s.
j

COVARIANCE, <list> requests the covariances among variables in <list>. Sample
sizes must be equal

(Y )(Y -Y.)/(n-1)
jic j

CP.OSSPROD, <list> requests the corrected sums of products among variables in <list>,
Sanirle sii.es roust he e;aal.

j
-Y.)(Y. `tr )(Yjk

kr 1
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DESCRIBE. <list> requests several descriptive statistics for each of the variables in
<list>.

DURBIN-WATSON, <list> requests computation of the Durbin-Watson statistic used in
evaluation of economic time series,

FREQ, i
FREQ, i, S

requests display of the frequency distribution of variable i. The
user supplies the lower hound, number of intervals, and interval length.
The maximum number of intervals is 50.

The S option causes display of a frequency distribution with IS
intervals whose length is chosen to cover the data. No user response is
required, (The reason for choosing 15 intervals may he seen by reference
to the request HISTOGRAM, i. )

FREQHIST, i combines FREQ, i (FREQ, i, .51 and HISTOGP AM, I (HISTOGRAM, i, Sl
FREQHIST, i, S

FTEST, k, j requests the F-ratio for testino equality of variances of variables iand j.

j

GEOMEAN, <list> requests the geometric means of variables in <list>.
GRANDMEAN, <list> requests the average value of all observations on all variables in<list>,

Y
J L.it<list> J-1

HISTOGRAM, i requests plotting of a histogram of the obs,:r,Itions on variable i.HISTOGRAM, i,S Operation of Ihi roquest is similar to the operation of FPFO; thereare 15 intervals plotted per line on the teletype up to a maximum of 5n.
The "S" option automatically divides the data into intervals of eo,ual
length, chosen to include all of the observat:ons

<10 ANGF: <list> requests the interquartile ranges of to: Thies in <list,.
Y

3n n,

i4-
41+-1)
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KR.I.HiKAL-WALLIS, <list> requests a one-way analysis of variance based on ranks.
Each variable in list constitutes a separate treatment. Ties among rankS
are assigned average values,

'7,TGSIS <list> requests the kurtosis of variables in <list>.
n

\. -- is
i

j'
.._.:d1`.'- WHITNEY, i,j requests the Mann- Whitney and Wilcox.on Rank Sum statistics for

comparison of variables i and j. Same as WILCOXON, i, j.

:,lAX: <list> requests the largest value of each of the variables in <list>.

lEAN, <list> requests the average value of each of the variables in <list> (same as
AVERAGE. D.

ni

Y. Y
ij i

j-- 1

MEDIAN, <list> request the medians of the variables in <list>.
MIDRANGE. <list> requests the average of the largest and smallest values of each of

the variables in <list>.
YY1(11 i(n.)

MIN, <list> requests the smallest value of each of the variables in <list>

Yi(1)

N, <list> requests the number of observations on each of the variables in
<list>.

NORMALPLOT, i requests the plotting of the values of Yi versus the inverse of the
cumulative standard Normal distribution. The coordinates of the jth point
are

-11 j

(Yi(j)," `n +1 i)

If a histogram of the values of Y. resembles a Normal distribution,
this plot will be nearly linear.

ONEWAYAV, <list> requests a one-way analysis of variance with the variables in
<list> as individual treatment groups.
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PAIREDT, i, j requests the t-statistic for testing that the mean difference between
PAIREDT, i, j, C variables i and j is zero. The "C" option requests a confidence

interval for the mean difference. Sample sizes must be equal.
POOLVAR, <list> requests the "pooled" estimate of the common population variance of

the variables in <list>,

s2 =
p

i E <list>

n

2(Y..-Y.) / ( (n -1) )
jel

RANGE, <list> requests the difference between the largest smallest values of
each of the variables in <list>.

Yi Y(n.) i(1)

RANKCORR, <list> requests Kendall's T and Spearman's o for variables i and j.
Sample sizes must he equal.

RCROSSPROD, <list> requests the uncorrected sums of products among variables in
<list>. Sample sizes must be equal.

RMD, <list>

n

Y Y jk
k -1

requests the product-moment correlation coefficients among the
variables in list. Use of this command rather than CORRELATION permits
omission of missing data values. RMD requires more extensive computa-
tion than CORRELATION, and therefore should he used only when missing
data points are present.

eSUNISORS, <list> requests the uncorrected sums of squares of the variables in <list>.
j

SCATTER, i, j,S
requests the plotting of a scatter diagram of variable i (abscissa)
versus variable j (ordinate). The computer prints the smallest and

largest value of each variable, the user then supplies the upper and lower
bounds for each. 51 intervals are plotted on the abscissa, 21 on the
ordinate, therefore the length of an abscissa interval will be
(upper bound-lower bound)/50 and an ordinate interval will. be
(upper bound-lower bound) /20.

A numerical character (1-91 in a given location on the diagram indi-
cates that there are that many observations in that "cell"- If there are no
observations, the cell is blank; if there are more than 9, it contains a

The "S option provides ay,tomatic choice oc axis scales elirninaing
the user response.

Since the user may select the upper and lower bounds for the diagram,
he may choose to omit some observations in order to refine his view of
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some smaller part. In this case, the numbers of observations which are
out of range is given, and the reported correlation coefficient is that com-
puted from the points which have been plotted. Points where either
variable is missing are ignored.

SIGNEDRANK, i, j requests the Wilcoxon signed-rank statistic for comparison of vari-
ables i and j. Ties between observations (differences I Yik-Yiki =0) are
omitted entirely; ties in ranking are given average values. Sample sizes
must be equal.

SIGNTEST, i, j requests the number of times Y.
11(

exceeds Y. . This is the statistic
.SIGNTEST, i used to compare the medians of variables i and by using the sign

test. If j is omitted, this command requests the number of positive
observations on variable i.

SKEWNESS, <list> requests skewness of each of the variables in <list>.
n

1 3 3
(Y -Y.) Is.ni j

j=1

STDERRM, <list> requests the standard error of the mean for each of the variables in
<list>.

STDEV, <list> requests the standard deviation of each of the variables in <list>.

SUM, <list>

ini

(Y -1.) 2ij

s. = i=1
n. -1

requests the sum of the observed values of each of the variables
in <list>.

ni

Y..

j=1

SUMSQRS, <list> requests the variability (the "corrected" sum of squares) of each of
the variables in <list>.
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T, i, <value> requests the t-statistic for testing the hypothesis that the mean for
variable i is equal to the given value, which may be any real number. If
<value> is omitted, it is understood to he zero.

Y.- <value>

si

TABULATE, <list> requests tabulation of the values of each of the variables in <list>.
Unlike FREQ, this command treats each distinct value as being its own
group rather than grouping values into intervals.

TSS, <list> requests the total variability of the variables in <list>, regarding all
observations as a single sample;

where

n.

j(Y .-Y)
iJ

i e <list> j=1

Y =

n.

Y.. /
IJ

i jr-1

This is equivalent to the "total sum of squares" in an analysis of
variance table where the variables in <list> constitute the treatment
groups.

2T -SQ, <list> request Hotellings T, and its equivalent F-value for testing
T-SQ, <listl>/<listZ> multivariate means. If only one <list> appears the single

sample T2 statistic for testing for zero mean-vector is computed. If two
<lists> appear (separated by a slash), the T2 statistic for testing
equality of means is computed. <listl> and <list2> must have equal num-
bers of variables.

"I-riUNI, <list>

ITEST, i, j

requests the sum of all observations on all variables in <list>,
ni

y

if <list> j=1

requests the (unpaired) t-statistic for testing equality of means for
variables i and j.

-Y
i

/ I T-
s +

p n. 0.
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VARIA:CE, <list> requests the, var;ince of each of the variables in <list>.
n.

s.
2 )

( T )2 (n 1)
7

j=

WILCOXON, i, j requests the Mann-Whitney and Wilcoxon Rank Sum statistics for
comparing variables i and j. Same as MANN-WHITNEY, i,j.
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Ill. Major Subsystems

Certain statistical inquiries involve more stiortic requests
fur information; they also require manipulation :aid re .usion of Oat). and
investigation of several alternative approaches to it-. aouly,is. Notable
examples are multiple regression analysis (especially '';hen used for model
construction and evaluation) and multivariate analysis.

Other statistical computations and exercise; require :nuch more
detailed specifieation of their parameters hen our, can phrase as a simole
information request. As an e:ample, one portion of SIPS is devoted to
empirical sampling experiments an instrucl.n.tal de-Ice. One wishes co
generate samples and their statistics, then study tneir properties throrrcth
use of the Statistical Information Requests.

For such situations, the SIPS system includes several major subsys-
tems. At this writing only three are currently aaila1,1, , (REGRESS,
MULTIVARIATE, and MONTE-CARLO) future additions to the systerr,
involve other major subsystems.

There are two types of subsystems: active sehsysIems
the user interacts with his analysis, issuinc, new cou;mand or informa-
tion request after seeing the results of pre% ious ommands; and passive
subsystems which accumulate detailed problem i,pecifit.vuions before major
computations are undertaken. Currently REGRESS (multiple regression
analysis) and MULTIVARIATE arc active, and :iht.iNTE-CAE.L.0 is passive.
Control of the computer is passed to the active subsystem, which is used in
an interactive manner, whereas the passive subsysHJm permits accumula-
tion of requests, but no interaction with results h --hare they are computed.

A. Multiple Regression Analysis Th.) REGRESS SubsysIen)

To perform a multiple rcs_tre.ssion analysis, on.) tapes

SR.I.CCIREISIO, <list>

Control is transferred to the RECRFS5 subsystem, roil prelir-anary com-
putations are effected from which the regrecision mciy be readily
derived.

Computations in the REGRESS subsystem arc centered -_round con
struction of a modelthe least squares approxisalt!oc of cne variable (LIP:
dependent variable) by a linear function of one nr set.eruI other variables
(the independent variables). The coefficaents of t!n. inde..)endertt variables
are known as the regression coefficients. R the naadel ,..-.,_ins a ronstant
term we may think of it as the rey,ression on an ..ndepern-le,
havint-2., the constant value I at data point,
implicitly in the model at the outset and is 1, r

When control is transferred by Harl171i4 Cet ccuncnand
$REGRESS, <list> the first variable in <list-- or s.;51,,I,,,r1
variable, the remainin2 variables anus He red nosab e nuianc

lepenhent

108
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variables. The designation of the dependent variable t-eay be changed at
any tine, and variables may be augmented to or deleted from the list of
possible independent variables.

If one or more variables has missing data special procedures are
followed. Whenever an observed value on any of the variables in <list> is
missing, that observation is treated as missing for all of the variables-
That is,. that particular observation vector is omitted from the computations
entirely.

Initially the model is the regression of the dependent variable on
variable 0, the -constant variable. This model is the average value of the
dependent variable, and does not depend on the independent variables. The
user is then given control over addition of variables to and dropping of
variables from the model.

Most of the computations in multiple regression analysis are con-
cerned with the study of residuals, the differences between the observed
values of the dependent variable and their estimates derived from inserting
the values of the independent variables in the regression model. The
residual variability is the sum of the squares of these values. For a
regression model to have a good "fit" the residual variability should be
small, relative to the total variability of the dependent variable.

Residuals also indicate model inadequacies For example, if a
scatter diagram showing one of the independent variables on the x-axis and
the residuals on the y-axis suggests a curvilinear relationship, the statis-
tician may wish to create new SIPS variables (by using TRANSFORM), and
add them to the independent variable list in an attempt to explain the
curvilinearity.

A full discussion of the techniques of regression analysis is beyond
the scope of this manual. The user should be aware of the great value of
interaction with his data. Interactive computing can provide for full exami-
nation of many alternative models within realistic time periods.

REGRESS Commands

The following extra commands are available while control is in the
REGRESS subsystem. All commands (except those requesting transfer of
control to major subsystems, and those requesting Input of data) valid In
the main SIPS monitor are also available to the active major subsyreins.
The INSTRUCT command produces a list of REGRESS commands
INSTRUCT, <command name;- prodii,-!es instractions on the use of that
comma nd.

causes the variables in <list-- to lie added the regression model
All variables in <list, must either be in the list specified upon transfer to
REGRESS or have been added to that list by the ADDVAR command. inclu-
sion of 0 in <list> causes the constant term to he included in the regression
model.
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ADD, ALL causes all regressor variables to he added, obtaining the full regres-
sion model.

ADD, BEST selects the single variable to enter the regression model which makes
the greatest contribution to reduction of residual variability below that of
the current model. Repeated use of this command is equivalent to the
"Forward.Stepwise" method of variable selection.

ADDVAR <list> makes the variables in <list> available as possible regression vari-
ables. This command would he used when one wished to increase the
number of possible regressor variables beyond those originally anticipated,
perhaps because of the creation of new variables h.r et,h transformation of
other variables.

AVTABLE requests an analysis of variance table (including the multiple corre-
lation coefficient) for the current regression model.

BACKSTEP, <list> causes the variables in <list> to he dropped from the regression
model in the sequence determined by the backward selection procedure. In
effect, this command requests repetition of the commands

:DROP, WORST
:AVTABLE
:RCOEFSE, T

DEP, i designates variable i as the dependent variable. If variable i is
included in the current regression model, it is dropped.

DROP, <list> drops variables in <list> from the regression model. This command
is the "reverse" of the ADD command. If <list> contains 0, the constant
term is dropped, i.e. , the regression model is "forced" through the origin.

DROP, ALL causes all regressor variables to be dropped. The model will include
only a constant.

DROP, WORST drops from the regression model the single variable contributing
least to the reduction of residual variability. Repeated application of this
command constitutes the "Backward Stepwise.' method of variable selection.

f.)ROPVAR, <list> removes the variables in list from those available as independent
variables. If these variables are in the current model, they are first
dropped. This command might be used to exclude variables fron entering
the model while applying the ADD, BEST command,

END terminates REGRESS and transfers control back to SIPS. A L I compu-
tations done by REGRESS are lost, except for those which have been stored
as SIPS variables.

.lSTIMATE requests an interval estimate of the it-ti of the deprvient
based on the current model. The values of the Independent variables are
supplied by the user.

NVERSE requests the current inverse matrix, i.e , the inverse of the matrix
of the normal equations which have been 501\ ed to obtain the current model.
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MODEL

NOMODEL

NORMEQ

PREDICT

R -SQ
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requests the current regression model. The model is printed follow-
ing each use of ADD or DROP unless NOMODEL is in effect. MODEL would
be used to recall the current model after examining other features of the
current regression, or to display the current model while NOMODEL is in
effect.

suppresses the printing of the model following the ADD and DROP
commands. Once this command has been issued it may not he revoked, but
the model may be obtained at any time by use of the command MODEL.
This feature would be used in a situation where the number of independent
variables is large and printing of the model at each stage is time consum-
ing.

requests that the normal equations for the independent variables not
currently in the model be printed. These normal equations represent the
regression of the dependent-variables residuals on the residuals of the
independent variables not yet included in the model.

requests interval prediction based on the current model. Values for
the independent variahles are supplied by the user

requests the multiple correlation coefficient and its square for the
current model.

RCOEFSE, <list> requests the standard errors of the regression coefficients on
RCOEFSE, <list>, T variables in <list>. All of these variables must be included in the
RCOEFSE current model. Omission of <list> requests the standard errors of.
RCOEFSE, T all regression coefficients in the current model. The "T" option

requests the ratio of the regression coefficient with its standard
error_

RESIDUAL, i requests that the residuals from the current model be stored as SIPS
RESIDUAL variable i. Omission of i causes the residuals to he listed at the terminal.

requests the current partial correlation matrix. These correlations
are between the residuals of variables not included in the current model.

STEPWISE, <list> causes the variables in <list> to be entered into the regression
model in a sequence determined by the forward stepwise selection proce-
dure- At each step, the entering variable is that one which has the highest
partial correlation with the dependent variable. Following each step the
new model, an analysis of variance table, and the standard errors of the
regression coefficients are printed. If <list> is omitted, the procedures is
applied to all independent variables not currently in the model. In effect
this command requests repetition of the commands

:ADD, BPS 1-

causes the current regression model to he evaluated at the data points
VliAT and stored as SIPS variable i. Omission of i causes listing at the terminal.
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B. The MONTE CARLO Subsystem

Useful primarily for illustration of samples and sampling distribu-
tions, the MONTE CARLO subsystem is designated to simulate repeated
sampling from certain populations, and to accumulate, as SIPS variables,
the observations in the samples and/or the statistics of the sample.
Having generated this data with MONTE CARLO, the user may use SIPS
statistical information requests, or other subsystems to perform the
computations to analyze it, and gain insight into the behavior of statistical
analysts techniques.

MONTE CARLO is a passive subsystem; no computation is done, no
sampling is simulated until a complete specification of: (1) the population
to be sampled, and its parameters; (Z) the samples and statistics which
are to be made into SIPS variables; and (3) the number and size of the
samples to be simulated.

MONTE CARLO has three commands for requesting information on
operation of the subsystem.

:INSTRUCT

requests a brief summary of instructions for its operation.
:POPULATIONS

requests a list of the populations available to he samples; the command
:POPULATION, <population name>

requests further description of the population named. The command

:STATISTICS

requests listing of the statistics which may be computed and saved. Certain
of these statistics are called "standard" statistics, and may be saved as a
group. This feature is described in greater detail below.

Operation of the MONTE CARLO Subsystem
Before transferring control to the subsystem, the user should assure

that he has reserved space in the SIPS data tables for the new data he will
generate. If it is not necessary to reserve existing data, he may do this
by using the VAR command.

Control is transferred by typing
$MONTE CARLO

The system responds with ":", and awaits description of the c_otnputations to
be executed. Problem specification consists of three stages; (1) population
specification: (2) output and data retention instructions; and numbers
and size of samples. Population specification is accomplished by typing

: POP, <population name>, <paramc!ers>

112
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(The command DSN for distribution may also be used, it is identical to
POP. I The number of parameters given depends, of course, on the number
required by the particular population For eyareple,

:POP, NORMAL, 0, 1

would specify sampling from a normal population with mean zero and vari-
ance 1, and

:DSN, BINOMIAL, 10, . 3

would specify a binomial distribution with n 10 and p = 3- (Recall that
the list of population may be obtained by typing POPT.rLATIO,NS.)

In some situations it is useful to shift the entire population by sub-
tracting a fixed value from each observation The command

:SUBTRACT, <value>

causes the value to be subtracted from each observation. For example,
:SUBTRACT, 5. 2_

would translate the entire population 5.Z units to the left. Negative values
cause translation to the right, i.e., addition to each observation.

After specifying the parent population for the sampling process
instructions are given for printing and /or retainine the samples and for
their statistics. There are two commands which may be used PRINT, and
KEEP (or RETAIN).

To use the PRINT option, the user types PRINT followed by the item
he wishes printed. For example, I

:PRINT SAMPLES

requests that each of the samples be printed, and
:PRINT ORDERED MEAN

causes the means of the samples to be printed in ascending order of magni-
tude rather than in the order they are generated. The command

:PROs I. RANGE

would cause the ranges of the samples to be printed. The word ORDERED
is optional and causes the requested values to be printed in ascending
order. The word UNORDERED is also rcceeillized bat has no effect.

Results may also be saved for future analysis sf SIPS. The com-
mand KEEP is used in much the same was PRPNI.-, except that variable
numbers must be given. For example

:KEEP SAMPLES,

Commas and groups of blank spaces are inters hangeable in SIPS corn
rnands; therefore, KEEP SAMPLES I -5 is (' I r1,2ssage as KEEP,
SAMPLES, I -5.
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will cause the retention of the observations in the first five samples as
SIPS variables 1 through 5. (If more than five samples are generated only
the first five would be retained by this command.) The command

:KEEP ORDERED MEAN, 10

would request that the ordered means be stored as SIPS variable 10.
As a labor saving device, one may use the command

:KEEP STATISTICS, <list>

to retain the "standard' statistics in the vari.hles of <list. The number
of variables in <list> must equal the number of standard statistics. (The
standard statistics are identified by typing :STATISTIC:S.

The third step in problem specification is the indication that simu-
lation is to begin. The command

:GENERATE, m, n

requests the generation of rn samples of size n For example,
:GENERATE, 10,20

requests generation of 10 samples with 20 observations each.
Following execution of GENERATE, control is returned to SIPS.

C. Multivariate Analysis the MULTIVARIATE Subsystem

Like the REGRESS subsystem the MULTIVARIATE subsystem is
active; it allows interaction between computer and user at each step in the
computation. The user may use any of the SIPS commands to study inter-
mediate results as they occur, and he may revise his approach to analysis
as he sees fit

To transfer control to the MULTIVARIATE subsystem one types
$MULTIVARIATE, <list>

Control is transferred to the subsystem, with only the variables in <list>
available for analysis. Unlike the REGRESS subsystem, new variables
cannot be added once transfer has been effected_

Most techniques of multivariate analysis are based on computations
involving the covariance or correlation structure of the data. The subsys-
tem therefore first computes and stores a complete covariance matrix for
the variables in <list>. The various commands in the subsystem may be
applied to subsets of the original <list>; computations are based on the

2 If the STATISTICS option is used, the individuals thus represented
may not be saved separately. That is KEEP STATISTICS, and
KEEP MEAN, 6 are incompatible.
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corresponding sub-matrices. In the following description all <lists> are
assumed to contain only variables which were in the original <list>, except
where specifically noted.

There are several good textbooks covering the techniques of multi-
variate analysis. It is assumed that the reader has general familiarity with
these techniques and with the interpretation of the statistics.

Principal components analysis
PRINCOMP, <list requests a principal components analys s on variables in <list>.
PRINCOMP, R, <list> If the "R" option is used computations ,ir: der,- using the cor-

relation matrix, otherwise the sample covariance matrix is
used. Eigenvalues of the covariance or correlation matrix are printed in
decreasing order, and the associated eigenvectors are stored. The eigen-
vectors may be printed by using the command :VECTOR. They are used
by the command :ROTATE. ROTATE is discussed below under the head-
ing "Rotation of data".

VECTOR, <list> VECTOR requests printing of the eigenvectors most recently cal-
culated. <list> specifies which vectors are to be printed rather than
referring to specific variables. The values in <list> cannot exceed the
number of variables specified in the <list> which formed the eigenvectors.
Thus VECTOR, 1-4 requests the eigenvectors assoc_ated with the four
largest eigenvalues, and VECTOR, Z requests the second eigenvector only.

Canonical Correlation Analysis
CANCORR, <listl >i<list 2> is used to find the canonical correlation between two sets

cf coordinates. Let

p1 designate the number of variables in <listl>
pz designate the number of variables in <listz>

The covariance matrix S is partitioned

1

r5 1 1

[SZ1

P,
S 12

52__I
2

P1

, P'

The canonical correlations are square roots of the eigenvalues of
1 /2. -1 1 /2

S11
51_' S S

2 22. 21 S11

Let M1 be the pi x p1 matrix whose columns are the eigenvectors of
10. -1 -1 /2

S
11

S S S
?.

S22 1 11
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AXIS, <list>

and let M be the p x p3 matrix of eigen-, ,(tors of
1 /as_i/z s s

32. 21 II 12

The "canonical axes" are

The matrix

-1/2.A =S11

T

L'2, a I and
-p1

al 0 a3 0

S
/2.

1\4

p rows

116

p2 rows

is used to transform the original (pi iip?) dimensional observations into the
canonical variates. The vector contains the coefficients of the linear
combination of coordinates from the first group which has maximum cor-
relation with a linear combination from the second group. bi gives the
coefficients for the corresponding linear combination of coordinates from
the second group. a3 and b3 give the coefficients of the next two canonical
variates, those uncorrelated with the first two which have maximum cor-
relation; a3 and b3 of the next two canonical variates, etc- The computation
of the rotated observations is requested by issuing the comand ROTATE.

requests printing of the canonical axes following the use of CANCORR.
<list> does not refer to specific variables, but the numbers of the axes to
be printed- That is,

AXIS, 1-3

requests the first three axes from each group. For correct interpretation,
it is important to notice that the coefficients in the canonical axes are
normalized so that the canonical variates have unit variance.

Factor Analysis
(Now being prepared. Will be released soon. )

Rotation of Data
ROTATE, <list> causes the creation of new variables based on results of PRINCOMP

or CANCORR. <list> specifies which variablc }), used as the new
variables- It cannot contain any variables which were in the list following
the command StylUI,TIVARIATF, The osober of entries in Ibis list
cannot exceed the number of eigenvectors currently being held as the result
of PRINCOMP, or CANCORR computalions.
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The basic computation is of the form

where
Yk

C 1 ,n;kj
ir

th.

X. is the 3 observation on old
rJ thYkj is the j observation of new %ari.,bles k, and
p is the number of variables in the > referred to by

PRINCOMP, or the total number of variables in both
lists of CANCORR.
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If used after PRINCOMP, the first variable in <list> will contain the first
principal component of each of the observation, the second new variable of
the second principal component, etc. For example, to compute and storethe first three principal components as variable, as variable 10, 11, and
13 he would type ROTATE, 10, 11, 13.

If used after CANCORR, the first two variables are the first
canonical variates from each group, the rw xt two variables are the second
canonical variates from each group, etc. For example if one typed
ROTATE: 11-14 variables 11 and 13 would be the first two canonical vari-
ates derived from the first group, and I?. and 14 would be the first two
canonical variates derived from the second group.

Control is returned to SIPS by typing END.
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APPENDIX D

Teacher-assisted Laboratory - Assignment # 1.

Instruction:

1. The following sheet contains your laboratory work sheet.
2. You may use your textbook as a reference.
3. If you have any questions or don't understand a problem or

concept, ask the laboratory instructor for help.
4. Answer all questions to the best of your ability.
5. You have one and one-half hours to complete the laboratory

assignment. You must turn in your laboratory sheet either
when completed or at the end of the period.
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Business Statistics BA 232
Laboratory Assignment #1

WEIGHT OF 80 CANS OF TOMATOES
(Ounces)

14.96 14.78 14.77 14.71 14.83 14.74 14j
14.81 14.84 14.88 14.89 14.79 14.76 14

14.93 14.88 14.72 14.78 14.92 14.97 14:::

14.84 14.68 14.70 14.83 14.91 14.80 1,i,)

14.70 14.75 14.80 14.98 14.72 14.85 14.1

14.88 14.73 14.76 14.84 14.82 14.99 14.)

14.82 14.67 14.75 14.86 14.89 14.79 14,.

14.78 14.86 14.81 14.96 14.76 14.79 14.

14.89 14.92 14.82 14.84 14.72 14.85

14.67 14.83 14.78 14.70 14.73 14.61

14.79 14.97 14.96 14.63 14.95 14.83

14.60 14.63 14.77 14.65 14.70 14.74

(a) Arrange the above 80 weights in a simple frequency
tion.

(b) What is the class interval of your frequency?

(c) What are the real class limits of the first interv-1'

(d) Briefly explain what the frequency distr.'.
the variation in the weights of the cans
filled by the same machine.

3

119
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APPENDIX D (Continued)

Teacher-assisted Laboratory - Assignment # 2.

Instructions:

1. The following sheet contains your laboratory work sheet.
2. You may use your textbook as a reference.
3. If you have any questions or don't understand a problem or

concept, ask the laboratory instructor for help.
4. Answer all questions to the best of your ability.
5. You have one and one-half hours to complete the labo-l.a7,ozy

assignment. You must turn in your laboratory sheet either
when completed or at the end of the period.

6. When you are asked to identify the DATA TYPE, this refers to
whether the data is NOMINAL, ORDINAL, or INTERVAL (also
including RATIO). When you are asked to identify the CHAR-
ACTERISTIC, this refers to whether the data is DISCRETE or
CONTINUOUS.



APPENDIX D (Continued)

1. Employee
Number !gt

Business Statistics BA 232
Laboratory Assignment #2

Employee Employee

Number Age Number Abe

1 67 73 35 133 59

3 34 74 38 135 53

6 36 75 36 140 36

7 48 76 46 144

12 49 79 43 147

13 31 80 34 1.48 41

14 61 81 62 150 29

15 34 83 69 151 27

16 43 84 50 152 58

21 45 85 28 154 41

22 38 86 44 157

23 32 87 43 158

24 27 90 60 .59 60

28 61 91 39 160 34

34 29 92 47 161 30

35 47 95 42 162 42

38 36 99 49 163 51

39 50 101 44 165 43

40 46 102 37 167 43

41 30 103 30 168 27

42 46 107 42 169 33

44 32 108 42 170

45 30 109 31 172 43

47 33 111 34 173

45 45 113 24

50 49 114 38 175

52. 48 116 59 176 33

53 41 119 41 1

56 53 121 43 3

57 36 122 50 184 ").0

61 37 123 40

62 47 124 41

63 47 125 46

64 30 126 43

66 46 127 48

67 50 128 34

70 28 131 37 201
71 35 132 26

(a) What is the arithmetic MEAN are ref the

121
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APPENDIX D (Continued)

(b) What is the MEDIAN age of the above employees?

(c) What do the above values tell you about the employees
of the company?

2. County

No. of
Plant Types County

No t,t

Plant Types

Baker 15 Lake 14

Benton 62 Lane

Clackamas 80 Lincoln 56

Clatsop 71 Linn

Columbia 19 Molheur

Coos 35 Marion 42

Crook 16 Morrow 15

Curry 25 Multnomah 24

Deschutes 10 Polk

Douglas 40 Sherman 22

Gilliam 12 Tillamook 4

Grant 10 Umatilla 10

Harney 12 Union

Hood River 55 Wallowa 18

Jackson 42 Wasco 22

Jefferson 28 Washiuton ;1:

Josephine 36 Wheeler

Klamath 26 Ya.inh i

The above are the results of a dairy study of the grazing ,JJ11 -f

pasture plants for cattle feeding in the State of Oregon The ntv'

of plant types are listed by county.

(a) What is the MEAN of the above data? -N,

(b) What is the MEDIAN of the above data?

(c) What is the MODE of the above data?

(d) What do the values in a, b, and c tell you?
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(e) What is the CHARACTERISTIC of the Irux_221.22?

What tells you that your

choice of CHARACTERISTIC is correct?

3. Below are a series of test scores given a class in

Statistics.

Student Number Raw Test Score

1 30

2 50

3 87

4 92

5 55

6 63

7 67

8 42

9 29

10 85

11 89

12 72

13 77

14 73

15 75

16 76

21

87

19 82

2U 91

Rank in (;las.

(a) What. is the MEAN of the test scores?

(b) What is the MEDIAN test score?

(c) What is the MODE of the test scores?

(d) Rank the students from highest to lowet in the cil$s

(e) What TYPE of data are the raw test scores?
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APPENDIX D (Continued)

(f) 'That TYPE of data is the class rankings?

(g) What is the CHARACTERISTIC of the raw test scores?

. Why did you choose your dswer?

*****NOTE: If you computed the MEAN and MEDIAN in question # 2, go
back and review what type of data is being presented by
the number of plant types.
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Teacher-assisted Laboratory

Instructionst

I. The following sheet contains your laboratory work sheet,
2. You may use your textbook as a reference.
3. If you have any questions or don't understand a prc Aeia or

concept ask the laboratory instructor for help.
4. Answer. Al questions to the best of your ability,
5. You have one and one-half hours to complete the la.

assignment. You must turn in your laboratory shcet el'c.nor
when completed or at the end of the period.

6. When you are asked to identify the DATA TYPE, this ner to

whether the data is NOMINAL, ORDINAL, or INTERVAL (alc)
including RATIO). When you are asked to identify the CHAPACT-
ERISTIC, this refers to whether the data is MSCRETE or
CONTINUOUS.
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Business Statistics BA 232
Laboratory Assignment I3

LIFE EXPECTANCY NUMBER OF POLICY

( ears) HOLDER-3

15 - 19
20 - 24
25 - 29
30 - 34
35 - 39
40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 69
70 - 74
75 - 79
80 - 84
85 - 89

3

4

10

12

11.

1/4

7

1

5

3

2

3

2

(a) What is the MEAN of the above data?

(o) Whai is the MEDIAN. of the above data?

(c) What is the MODE of the above data?

(d) What is the DATA type?

(e) What is the CHARACTERISTIC of the dat

Why did you choose your answer?
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Teacher-assisted 412I21211.1.E10111:±4.

Instructions:

1. The following sheet contains your laboratory work sheet.

2. You may use your textbook as a reference.

3. If you have any questions or don't understand a problem

concept, ask the laboratory instructor for help,

4. Answer all questions to the best of your ability

5. You have one and one-half hours to complete the laLiof

assignment. You must turn in your laboratory sheet elchel

when completed or at the end of the period.
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Business Statistics BA 232
Laboratory Assignment #4

1. 20 Store Clerks Monthly Salaries

$220
289
300

335
375
375

380

415
419

427

433

444

480

490
500

505

520

590
612

(a) The MEAN of the above array is

(b) The MEDIAN of the above array is

(c) The RANGE is

(d) The 1st QUARTILE is

(e) The 2ndLETTLE is

(f) The 3Ld QUARTILE is

(g) The INTER-QUART1LE RANGE is

(h) The STANDARD DEVIATION is

(i) The COEFFICIENT OF VARIATION is

(j) Which of the above items which you have oLlu).0
measures of central tendency and \Mich are ineaces

lispAsion?
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2. Ages of.21R.121222:2

27 43

28 45

29 45

30 46

30 46

30 46

31 47

32 4i

32 4/

33 48

34 48

34 49

35 49

36 )()

36 50

36 53

37 61

38 61.

41 67

(a) The oi ill(' above array is

(b) The NLD1AN ct the above array is

(c) The RANGE is

(d) The .1.t QUAIU'ILE is

!b' t)211cTI__E is

(i) i:s QUART/LE RANGE is

(0 The STANDARD DEVIATION is

Ch) the CoEFFICIENT OF VARIATION is

(i) As fai is the way the twu arrays are

the scattered?

Wily? 01. How
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(j) The middle 50 per cent of each array fall between which
values?

Salaries Array

Ages Array

(k) What ,,,ues do approximately 68 per cent of each arra

Salalls Array

Ages Array an.merp...
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Teacher-assisted Laboratory - Assignment # 5.

lnstructioui

1. The following sheet contains your laboratory work sheE:li,
2. Yo',i may use your textbook as a reference.
3. If ycn haY any questions or don't understand a prolag

c,:y,Ice.91_ ask the laboratory instructor for help.

: qustions to the best. of yc;rt Jbility+

'Lop and one-half hours to comp lAe the J.a_ -

oss You must turn in your laboratory sheet e
when compi,eted or at the end of the period.
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Business Statistics BA 232
Laboratory Assignment #5

The following frequency distribution shows the number of borrowers

a bank by age of borrower rounded to the nearest birthday.

AGE NUMBER OF BORROWERS

22 - 24
25 - 27
28 - 30
31 - 33
34 - 36

37 - 39

40 42

43 - 45
46 - 48
49 - 51
52 - 54
55 - 57
58 - 60
61 W. 63

64 - -66

3

3

4

3

4

6

19

24

17

5

3

4

2

2

1

From the data given in the above frequency distribution compute

(a) The MEAN of the above data is

(b) The 11::D1eiN of the above data is---

(c) The HOLE of the above data is

(d) The 1;;IEAL1LE is

(e) The 3rd qUART1LF is

(f) The INTERf UARTILE RANGE is

(g) The VARIANCE is

(h) The STANDARD DEVIATION is

(i) The COEFFICIENT OF VARIATION is
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(j) The MEATOIO1.1; )F SKEWNESS is

(k) With the abov .:! values, how woulu you ot_

106

(I) Wh6.L ijU of the (.oeff.
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BUSINESS STATISTICS BA 232

DIRECTTOSs e!,,-,d17 of th followinR questions, place an X
Lc) tespon:,e wilich best answeLs the qu.esLto,

TABLE 1

egth of 160 Lots of Hemp lIopc
In. kenuired to Break 2 F lengths

Pounds Per Sq. In. Number of Lots

1-tal 1

Table I.

It

L, The : s uva I is

a. 50--fl.9

b. 69

c.
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3. The real class limits of the first class is

a. 49.5-54.5
b. 50-54
C. Li

d. 5

4. The typp aata that is present in "The Numter of Lots' .o112,!o

Ordinal
c. interval

of the above

format tof data presentation in Table 1 is catled

b.

Hi am

Ogive
Aa:ay
l'iLogram

Thr (Thsc7iion of the data in Table "Tft4 Numbef of Lois,

a, (0;,tinuous

b. bi:5rete
Both a and b

d. Neithar a nor b

TABLE

tZ of Famity
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Questions 7 to 12 relate to Table 2.

7, from the four asio clalhifications of data lited
the one that represents the data presented in Table 2.

a. Differences of Kind
h. Differences of Degree_
c. ite,ranhic Divisions
d. ,eries

8. The class interval is

d.

3, The real crass limits of a family of three (3) is

lu.

a.

b. 2.5-4.5
2--

d, of the above

Pie type o data that is presented by "Tht :bFr of Form

Millions" column is

a. Nom-11,11

U. )1i 1.01

ddl.a nrasentatinn in 'tahle 2 is callc o

liiorram

d. Pi-topaaEl

t2. Tn descri,,tion of the data in Table \ '

in Millions", is

a. Continuous
p. Discrete
C. Both a and b
o. t a not b
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TABLE 3
Column 1 Column 2
Wei 0-,t Number of C a n.s

(Ounces)

14.60-14.63
14.64-14.67
14.68-14.71
14./2-14.75 10

Questions 13 to 18 refer to Table 3.

13. From the four basic classifications of data listed belu,
the one represents the data presented in Table 3.

a. DiJternces of Kind
b. Differences of Degree
c. Geographic Divisions
d. Tin te Series

14. The class interval is

60-14.63
b. 14,f-,0-t4,75

c. .04

d. None of the above

15. The 1-eal cias Jimits of cans 9 to 14 is

.7r

lb« typtr! W.;Aa th t i resen-ivi Co 1

is

a. Nomiaal
b. Ordinal
c. Inr,srval

d. None of the above

17. The torm.At for data presentation in Tal:

:;4c,-A-ow,ram

h. reny Polygon

d
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18. The description of the data in Table 3, Column 1 is

a, Continuous_ _ _
b. Discrete
C. Both a and b

Neither a n3r b

TABLE 4

Consumption of Textile Fibers in the Cnite' States 196?;

1963

Percent

100
WOOL

MAN-MADE
FIBERS

COTTON

Quesraohb .vt, it; reier to Table 4,

1968

Percent

100

MAN--MAW'.

19. From the thr basic classifications dat: a listed below,

the on represents the data presenty:d -0:ble 4-

a. Differences of Kind
b. Ditlerences of Degree
C. Geographic Divisions
d. Time Series

'2.0 The class interval is

a, 0-100
0,

,-:, )0

de Nc:tie of the ove

;
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21. The real class limits of cotton (1963) is

a. 0-55
b. - 51.5
c. 20
U. None of the above

22. The type e data that is presented in Table f is

a. Nominal
b. Ordinal
c. Interval
d. None of the above

23. The format for data presentation in Table 4 is called

a. Histogram
b. Frequency Polygram
c. Bar Chart
d. Fe Chart.

Z4. The description 01 the data in Table 4, "Percent of Fioers",

a. Continuous
b. Dicrete
c. Both a and b_
d. Neither a nor b

TABLE 5

Htonly Wage hates of Productive Wor'Aers In kour
ij,wartment in a Nanufacturing Plant

of Peronio..

Hourly Waii,,e

(Dollars

r

Dept

I

ii !Dept

t
1

!

5

0 H.?.._

ei

Rates
per hour) Dept A

1.60

3.80

4.00
4.20
4.40

4.60

and
and
and

and
and

.1nd
^-,

under
under
under
under
under
under

3.80

4.00
4.20
4.40
4.60

4.80

8

15

40

30

4

4

10

) 5

-)

4
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Questions 25 to 30 refer to Table 5.

25, From the fmd: basic classifications of data listed below,
the one that represents the data presented in Table 5.

a. Differences of Kind
b. Differences of Degree

Geographic Divisions
d. Time c)eries

26 The class interval is

a. .20

h. 2

c. 1,20

d. none of the above

27. The real class limits of the last class are

a. 3,t0-4.80
b. f;. 95-4.805
(, ..6-4.80
d. (r or the above

28. The type of data that is presented in the columns for "Dept.'s
A-B-C-D" is

a. Nominal
b. Ordinal

above

9. Toe foLmaL o data presentation in Table 5 is cal led

a. Ar
b. Frequency Polygon
c. Bar Chart-----
d. Ogive

30. The description of the "Department" data :in Table 5,
Personnel for Dept.'s A, B, C, and D" is

a. Continuous
b. Discrete
c. Both a and b

Neither a nor b
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MEASURES OF CENTRAL TENDENC
FORMULAS

The following formulas may help you determine the correct answeis
the questions that follow.

N
- A +

L N L d
Md = and Fl

md
Mo = mo _--_----___

__ i. a
1

d
4.
,

f
m

and

d

TABLE 6

Values in an Array

14

29
72

85

85

90

93

107

211

408

523
630
703

707

892

4,699

Questions 31 to 34 relate to Table 6.

31. The mean of the array is

a. 4,699
b. 2,349.5
c. 313.27
d. None of the above
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32. The mode is

a. 85
b. 4,699
c. 107
d. None of the above

33. The median is

a. 159
-----b. 2,349.5
-----c. 213.27

d. 107

34. The range is

a. 892
b. 878

4,685
d. 3,807

TABLE 7

Distribution of Ages of Paper Carriers

Age
(years)

Number
of

Carriers

d' fd'

7 -3

15 -2

23 -1

1/ 27 0

18 20 1 20

19 8 2 it)

Total 100

Questions 35 to 38 relate to Table 7.

35. The mean is

a. 16.67
b. 17,0

C. 17.1
_

d. ,,71 the above
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36. The meOian is

a. 17-2
b. 16.5
c. 19
d. None of the above

37. The mode is

a. 16.5
b. 17

17.5-----
d. None of the above

.17*WEVOMINO.As

38. The range ia

a. 14
b. 17

c. 19
d. None of the above

DeFrec.

i

Master's

Professional
Medical

Less than a
Bachelor's

L

Reporceki

TABLE 8

Scientists in the United States 1966
Classified by Highest Degree

Imber of Degrees

20 40

,
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Qi,estions ") to 42 relate to Table 8.

a. 50

b 60.5

d. N:i of the above

40. The mode is

a. PhD
b. Masters
c. Not Reported
d. None of the above

41. The median is

a. Bachelor's
b. Master's
c. Professional Medical
d. None of the above

. The range is

145

n. 50

1CW

o. Noe, ot the above

, i \
!i :/

r.,
A .

Fig.

Questions 43 t

43. In Fig. 1,

a. A

..,

1

relate

the mode is

to Fig.

Fig.

1, io 3

2

2,

abo,ve
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In Fig.. 2, the mean is

a; A

b.

C

d. None of the above

(45. In Fig. he node is

a. A
b. B

c, C

d, Norm oF the above

46, In Fig, 2, the median is

b. B

c.

1. Cif the aoove

47. In Fie- L., median is

or of the above

In Fig. i Lhe mean is

the ahoe

lowing: mean 105; me(fla±,

tTh.. A mode s

C 0 7

1. ()f,
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50. The average deviation from the median is

a. a. measure of kurtosis

b, a measure of skewness
c. a measure of ambrosia
d. computed by ignoring the signs of the deviations

51. The mean of a distribution is 500 and the standard deviation is
100. The vac.e 2f the coefficient of varialou (V) is

a. 500
b. 100%

c. 400%

U. 20;;

52. Assume the following: mean = 112; median = 100; standard devia-

tion = 10. The value of the measure of skewness computed
these values is

a. +3.6
b. +1.8
C. -1,5
d. -1.6

53. Kurtosis refers to the characteristic of a distribution ea led

a. typical size
b, peakedness
C. symmetry

flo1.4-ing; The class interval that con.slns mb
yin is "$20 and under $30. = +70; ,

WO." The stanlard '!.s equal 7..0

C. $12.10.

d. $121.00

CASE:

A machine is set to make parts that are Y' in diameter. The

will allow a normal tolerance of 1/1000" error in size. Att.t.

era! peeks ruernp., a sample is taken with the haie
:114.!an deviation = .01".
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Questions 55 to 57 relate to the above case.

:inc need to be reset as :n..1i,(77,d

an mean
b, standard deviation
e, mon and standard deviation
o, machine is running within the set limits allonod

56. Approximately two-thirds of the parts hae a diameter bey
(Assume a Ample sample population which is normally dist)HL.L,

a. 81_01 and .2101
b. .50 and .48
c. .5091 and .4891
d. 5a01 and .5001

57. The machine appears to making the parts

a. to large
b. too small
c. the correst size
d. none of the above

TABLE 9

Maine Vexas Utah
Plant Plant Plant

i100 Aritninetic Mean HOO Si00
105 Median i0
ii S :qode 100

Standard Deviation 10

2 Mean Deviation 3

JO Quartile Deviation '..

,,...5 Variance We a/4

2C Range ?'

a's'Lions 55 to 6.5 relate to the infoimation tol;nd in

5e. The latgest dispersion of wages is foul

i. Maine Plant
b. rexa'; Plant

ata 1.Janr

!aa and c
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The distributin of the wages is somewhat normally distributed
in the ftlioni4; plants

a. Maine Plant
b. Texas Plant
c. Utah Plant

_
d. None of the above_

60. The distriLoLion of the wages is positi'f?ly skewed in the
following plant:

a. Maine Plant
M...sobee....

b. Texas Plant
c. Utah Plant
d. None at the above

61. All of the men in the Texas Plant earn between (approximat_

a. $70 and $130
b. $76 and $124

-----c. $80 and $120
d. $50 and $150

62. Thc: coefficient of skewness in the Maine Plant is

a. -.10
b. 20-----
c. -1
d. -15

percent of the men in th,2 ealeG
bewe e.n ,approximately)

:e $110
and $108

$9(.' And. $105

t. and $200

If a distribution of values is somewhat normally distril
the mean plus and minus one (1) times the standard devat'ioc
includes approximately what proportion of Lhe values?

a.a one-half
U. two thirds
o. nine-t.enths

d,
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65. Two distributions are to be compared. One is a distribution Of
wages, the other is a distribution of worker efficiency. (?r.o

masur which could be used to compare the dispersion of
two distributions is

a. mean
b. variance
c. coefficient of variation
d. coefficient of skewness



APPENDIX F

Table 11. Test Categories

SECTION I. Charts, Graphs, Frequencies and Types of

19 questions. 38%.

SECTION I. Measures of Central Tendency and Disper

31 questions. 62%.
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Table 12. Test Question T pe Grou2112121maies,

Recall Manipulative Interpretive

1 3 24

2 6 26

4 10 27

5 12 28

7 16 29

8 18 30

9 20 31

11 21 32

13 22 42

14 23 44

15 33 45

17 34 47

19 36

25 37

35 38

41 39

50 40

43

46

48

49
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APPENDIX H

BUSINESS STATISTICS BA 232

DIRECTIONS: For each of the following questions, place an X next
the response which best answers the question.

TABLE 1

Column 1
Weight
(Ounces)

Column 2
Number of Cans

14.60-14.63 4

14.64-14.67 4

14.68-14.71 6

14.72-14.75 10

Question 1 to 6 relate to Table 1.

1. The format for data presentation in Table 1 is

a. Histogram
b. Frequency Polygon
c. Array
d. Bar Chart

2. The type of data that is presented in Table 1, Column 1, the
"Weight" column, is

a. Nominal
b. Ordinal
c. Interval
d. None of the above

3. The class interval is

a. 14.60-14.63
b. 14.60-14.75
c. .04
d. None of the above

4. The description of the data in Table 1, Column 1,

a. Continuous
U. Discrete

e.oth a and b

(. Nether a nor b
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5 From the four basic classifications of data listed below, select
the one that represents the data presented in Table l.

a. Differences of Kind
b. Differences of Degree
c. Geographic Divisions
d. Time Series

6. The real class limits of cans 9 to 14 is

a. 14.595-14.635
b. 14.675-14.755

14.68-14.71
d. 14.675-14.715

TABLE 2

Millions
of Families

20

4 5

Size of Family

questions 7 u, ].? relate to Table 2.

6

"4

7 or
more

. The type of data that is presented by "Number of Familie,
1\dllions" column is

a. Nominal
b. Ordinal
C. Interval
d. None of the above
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The format far data presentation in Table 2 is called

a. Histogram
o. !give
c. Array
d. Pictogram

9. From the four basic classifications of data listed below, select
the one that represents the data presented in Table 2.

a. Differences of Kind
b. Differences of Degree
c. Geographic Divisions
d. Time Series

10. The real class limits of a family of three (3) is

a. 2.5-3.5
-----b. 2.5-4.5

c. 24
d. None of the above

11. The description of the data in Table 2, "Number of Families in
7.s

a. Continuous
b. Discrete
c, Both a and b
d. :either a nor b

the intrve
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TABLE 3

Consumption of Textile Fibers in the United States 1963 & 1968

1963
Percen!:.

00 ------ .77777-"7"7.
WOOL

N \
I\ ItAN-MADE

60

40

20

0

FIBERS

COTTON

Questions 13 to 16 relate to Table 3.

1968
Percent

100 _

13. The type of data that is presented in Table 3 is

a. flom1nal

(.

iLtrrval
r i t bf the above

WOOL

NAN-LADt:

FIBERS

COTTON

of the data in Table J, °Tercent of Fiber;

ontinuous
b. Di :crete

in Both a and b
d. Nei ther a nor b

15. From the four basic classifications of data listed below,
the one that tepresents the data presented in Table 3.

a. Differences of Kind
h, Differences of Degree

Division
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16. The class interval is

a. 0-100
b. 10
c. 20
d. None of the above

TABLE 4

Hourly Wage Rates of Production Workers in Four
Departments in a Manufacturing Plant

Hourly Wage Rates
(Dollars per hour)

Number of Personnel

Dept C Dept L.

3.60 and under 3.80
3.80 and under 4.00
4.00 and under 4.20
4.20 and under 4.40
4.40 and under 4.60
4.60 and under 4.80

8 4 5

15 10 12

40 15 14

30 7 10

4

3

Questions 17 to 19 relate to Table 4.

4

10

17

20

6 10

3 9

17. The description of the "Department" data in Table 4, "NuNheI
Per panel Dept.'s A, B, C, and is

a. Continuous
b. Discrete
c. aeth a and b
d. Neither a nor b_

The class interval is

a. .20

b. 2

1.20
d. None of the above
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19. From the four basic classifications of data listed below, st, d ect

the one that represents the data presented in Table 4.

a. Differences of Kind
b. Differences of Degree
c. Geographic Divisions
d. Time Series

MEASURES OF CENTRAL TENDENCY
FORMULAS

The following formulas may help you determine the correct answers

for the questions that follow.

= fm Jj_

N - Fl
md

Md = L
md

+
imdfmd

TABLE 5

Mo = L +
dl + d mo

mo

2

= A + lElfd

d
1

Values in an Array

14

29
72

85

85

90

93

107

211
408

523
680
703
707

892

4,699
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Questions 20 to 23 relate to Table 5.

20. The mode is

a. 85

-A-
b. 4,699
c. 107
d. None of the above

21. The range is

a. 892
b. 878

-----c. 4,685
d.

22. The median is

a. 159
b. 2,349.5
c. 213.27
d. 107

23. The mean of the array is

a. 4,699
b. 2,349.5
c. 313.27
d. None of the above

24. If a distribution of values is somewhat normally distributed,
the mean plus and minus one (1) times the standard deviatior,
includes approximately what proportion of the values?

a. one-half
b. two thirds
c. nine-tenths

d. all
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25. Two distributions are to be compared. One is a distribution of

wages; the other is a distribution of worker efficiency. One

measure which could be used to compare the dispersion of the

two distributions is

a. mean
b. variance
c. coefficient of variation
d. coefficient of skewness

Fig. 1

1 TM
A B C

Fig. 2

Questions 26 to 31 relate to Fig. 1, 2, and 3 above.

26. In Fig. 2, the median is

a. A
b. B

c. C---
d. None of the above

27. In Fig. 2, the mean is

a. A
b. t

c. C
d. None of the above

28. In Fig. 3, the mode is

IIIIM

a. A
b. B

c. C
d. None of the above

159
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29. In Fig. 3, the mean is

a. A
U^ B

C

None of the above

30. In Fig. 1, the mode is

a. A
b. B
c. C
d. None of the above

31. In Fig. 1, the median is

a.

b.

c.

d.

A

None of the above

Degree
Type

PhD

Bachelor's

Master's

Professional
Medical

Less than a

Bachelor's

Not Reported

TABLE 6

Scientists in the United States 1966
Classified by Highest Degree

Number of Degrees

20 40 60 80

\\ \ \\\\ \\\\ \\\ \

160
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Questions 32 to 35 relate to Table 6.

32. The mode is

a. PhD
b. Masters
c. Not Reported
d. None of the above

33. The range is

a. 45
b. 50111...I.ai
c. 100
d. N one of the a bo ve

34. The mean is

a. 50
b. 60.5
c. 45
d. None of the above

35. The median is

a. Bachelor's
b. Master's
c. Professional Medical
d. None of the above

1...11.1....

TABLE 7

Distribution of Ages of Paper Carriers

Age
(years)

Number
of

Carriers

d' f d

14 7 -3 -12

15 15 -2 -30

16 23 -1 -23

17 27 0 0

18 20 1 20

19 8 2 16

Total 100

1
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Questions 36 to 39 relate to Table 7.

36. The mode is

a. 16.5
b. 17

c. 17.5
d. None of the above

37. The mean is

a. 16.67
b. 17.0
c. 17.1
d. None of the above

38. The range is

a. 14
b. 17

c. 19
d. None of the above

39. The median is

a. 17.2
b. 16.5
c. 19
d. None of the above

40. Assume the following: The class interval that contains the_
arbitrary origin is "$20 and under $30. Ef(11 = +70;171(d')

+170; N = 100". The standard deviation is equal to

a. $1.10
b. $11.00
c. $12.10
d. $121.00

41. Kurtosis refers to the characteristic of a distribution called

a. typical size
b. peakedness
c. symmetry
d. dispersion

162
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TABLE 8

Maine
Plant

Texas
Plant

Utah
Plant

$100 Arithmetic Mean $100 $100
105 Median 100 95

115 Mode 100 85

15 Standard Deviation 10 8

12 Mean Deviation 8 6

10 Quartile Deviation 5 4

225 Variance 100 64
20 Range 70 8

Questions 42 to 45 relate to Table 8.

42. The distribution of the wages is somewhat normally distributed
in the following plants

a. Maine Plant
b. Texas Plant
c. Utah Plant
d. None of the above

43. The coefficient of skewness in the Maine Plant is

a. -.10
b. 20

-1

d. -15

44. The distribution of the wages is positively skewed in the

following plant:

a. Maine Plant
b. Texas Plant
c. Utah Plant
d. None of the above

45. The middle 50 percent of the men in the Texas Plant earned

between (approximately)

a. $90 and $110

b. $92 and $108

c. $95 and $105

d. $ 0 and $200
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CASE:

A machine is set to make parts that are %2. in diameter. The contract
will allow a normal tolerance of 1/1000" error in size. After sev-
eral weeks of running a sample is taken with the following results:
mean = .5101"; standard deviation = .01".

Questions 46 and 47 relate to the above case.

46. Approximately two-thirds of the parts have a diameter between
(Assume a simple sample population which is normally distributed.)

a. .8101 and .2101
b. .50 and .48
c. .5091 and .4891
d. .5201 and .5001

47. The machine appears to be making the parts

a. too large
b. too small
c. the correct size
d. None of the above

48. Assume the followings mean = 112; median = 100; standard
deviation = 10. The value of the measure of skewness computed
from these values is

a. +3.6
b. +1.P
c. -1.5
d. -1.6

49. The mean of a distribution is 500 and the standard deviation is
100. The value of the coefficient of variation (V) is

a. 500%
b. 100%
c. 400%
d. 20%

50. The average deviation from the median is

a. a measure of kurtosis
b. a measure of skewness

c. a measure of ambrosia
d. computed by ignoring the signs of the deviations
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TWO FACTOR ANALYSIS OF VARIANCE DESIGN

Source of
Variation

df SS MS

Columns
(C)

C-1

c
.c-

SSee:T
2
.iin.i

j=1
-T /N

MS
c
=SS

c
/(c-1)

Rows
(R)

R-1
r

1--
SS

R
=4..f.T

2
i./ni.

i=1

-T
2
/N

MS
R
=SS

R
/(r-1)

(Cells) (RC-1)

SS
cells=

r C,--- 2.
:E 2-....T ij/nij

i=1 j=1
-T /N

Rows X
Columns
(RC)

(R-1)(C-1)
SS

RC
=

SS
cells

-SS
R
-SS

C

MS
RC

=

SS
RC

/(c-1)(r-1)

Within-
Cells (w)

N-RC SS
w
=SS

T
-SS

cells
MS
w
=SS

w
/(N-rc)

Total N-1

SS
T
=

c r nij
2 2

x -T /N
j=1 1=1

NOTE: Further explanation can be found in bibliography note number
34, page 115.

Columns = Question type categories of Recall, Manipulative, and
Interpretive.

Rows = Treatments - Teacher-assisted laboratory and computer-assisted
laboratory.
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F for Test Question Type Categories = MSc/MSw

F for Treatments = MS
R
/MS

w

F for Interaction = MSRC
/MS

w
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T-Value Formula

(7-7) - (u
1
- u

2
)

T-VALUE =
S--
X-Y

Z-7 = Sample means difference

u
1
- u

2
= The hypothesized difference between the true
means of the two populations.

S
X-Y

= Standard error of the difference.

DF = N1 + N2 - 2



168

APPENDIX K

Definition of Terms Used

Cathode Ray Tube:(CRT)-- A cathode ray tube is an electronic
vacuum tube which displays the output of a computer system. Many
CRT's have a typewriter keyboard which also allows the user to input
data into a computer system too.

Central Processing Unit:(CPU)-- A central processing unit is that
portion of a computer system which controls the operation of the
entire computer system. This includes the circuits which control the
interpretation and execution of instructions.

Computer-Assisted Instruction:(CAI)-- Computer-assisted instruc-
tion is defined as the use of a computer in presenting a lesson or
concept to a class in either an inter-active status or a a manipula-
tive tool or device.

Computer-Assisted Laboratory Instruction-- Computer-assisted
laboratory instruction is defined as a laboratory session of one
and one-half hours in which a student will use the computer as a
tool to problem solution from either the textbook, Introduction to
Business and Economic Statistics, 4th edition, by John R. Stockton and
Charles T. Clark, South-Western Publishing Company, or teacher assigned.
Data will be of the students own choosing, or supplied by the author
or instructor.

Controlled Group-- Controlled group is defined as those students
who receive traditional classroom instruction and the traditional
laboratory instruction.

Data-- Data is defined as a representation of facts, concepts, or
instructions in a formalized manner suitable for communication,
interpretation, or processing by humans or machines.

Elementary Business Statistics-- Elementary Business Statisics
refers to a course, regardless of title or numbering, which contains
the management decision process using statistical methods such as
probability concepts, sampling procedures, regression analysis, use
of central tendency in such areas as inventory control, prediction,
production control, etc. For the prupose of this study it will con-
sist of chapters one through six of Introduction to Business and
Economic Statistics, 4th edition, by John R. Stockton and Charles T.
Clark, South-Western Publishing Company.
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Experimental Group-- The experimental group is defined as those
students who receive traditional classroom instruction and the computer-
assisted laboratory instruction.

Hardware-- Hardware refers to the physical equipment such as a
CPU and periphal devices.

Input-- Input refers to a device, process or channel involved in
the insertion of data into a data processing system.

Interface-- Interface refers to a shared boundary or connection
between two or more systems. In the case of a computer system an
interface is found between the CPU and its peripheral devices.

Light Pen-- A light pen is a device which allows the user to
enter data into the computer through a CRT terminal. It operates
through the use of photoelectric circuits and a light sensitive
CRT screen.

Natural Language-- Natural language refers to the language the
student would normally communicate. In this study that refers to the
English language. Therefore, when a student interacts with the
computer system, he responds with English words.

On-line-- On-line refers to equipment or devices attached to
and under the control of a central processing unit.

Output-- Output refers to a device, process, or channel involved
with transfer of data or information out of a data processing system.

Peripheral Devices-- Peripheral devices in a computer system are
those hardware devices that are distinct from the central processing
unit. They may provide the system with outside communication.

Real-time-- Real time pertains to the performance of data process-
ing during the actual time a process transpires in order that results
of the data processing can be used in guiding the process.

Software-- Software refers to a set of computer programs and pro-
cedures concerned with the operation of a canputer system.

Terminal-- A terminal is a point in a system or communication
network at which data can either enter or leave. In this case, it
is used to indicate the students communication connection with the
computer system.
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Time-sharing-- Time-sharing is a concept in which computing
services to many users is provided simultaneously, while providing
rapid responses to each user.

Traditional Administered Instructions(TAI)-- See Traditional

Classroom Instruction.

Traditional Classroom Instruction-- Traditional classroom instruc-
tion is defined as the instructional method employing the lecture,
discussion, and visual materials commonly used for classroom instruc-

tion in Elementary Business Statistics.

Traditional Laboratory Instruction-- Traditional laboratory instr-
uction is defined as a laboratory class at a specified time, for one
and one-half hours to give additional instruction. The students will

work on problems from either the textbook, Introduction to Business
and Economic Statistics, 4th edition, by John R. Stockton and Charles
T. Clark, South-Western Publishing Company, or teacher assigned. Data

will be of the students' own choosing, or supplied by the author, or

instructor.


