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A PROTOTYPING TOOL FOR USER INTERFACES

CHAPTER I: INTRODUCTION

In the development of software systems, one procedes

through various phases. This process has come to be known

as the software development cycle. Figure 1 (Klausner and

Konchan, 1982) portrays such a traditional development

cycle. The phases identified here are requirements defini-

tion, design, code, test, and maintenance. Also shown is

the cummulative effort devoted to each phase as estimated by

Zelkowitz (Zelkowitz, et al, 1979).

At the outset of new system development the designer

and user meet for a brief period of time to identify the

requirements of the intended system. When it is felt that

the information has been obtained the designer procedes with

the design and generation of the system. During this

development time, the designer will typically consult with

the user only when some specification is unclear. Thus,

frequent system performance reviews that allow the user to

see the progress to date are lacking. Often, the user may

not see the system for the first time until it is delivered.

This situation tends to assume that the system require-

ments were precisely stated, reflecting the user's true

needs. It also implies that there was minimal ambiguity on

the part of the designer. He was able to design the system
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to the user's satisfaction.

This is clearly an ideal (and unfortunately hypotheti-

cal) situation. More often it is the case that either the

user knows what is wanted but cannot convey it or the user

does not have a good grasp on what he wants so the designer

must do the best he can with what he has. In either case,

the designer must fill in the gaps. He will use his own

interpretation of what he thinks the system should do or

what he thinks the user wants the system to do in order to

complete the system.

The true test of the designer's understanding of the

requirements is the delivery of the system to the user. It

is here that the user truely comes to terms with what he

wanted and what he wanted to say. Discrepancies are often

discovered between what the user thought he said and what is

delivered as the final system. Forgotten requirements are

suddenly remembered upon delivery of the system. Also, the

user realizes "it would be nice if I could do such and

such". If the designer were to hold the user to the initial

requirements it would be analogous to limiting a shopper to

buying only those items on the initial shopping list. As the

shopper sees certain items, new things come to mind.

Although these things were not on the list, they are still

needed. Similarly, one cannot expect the user to think of

all the things required of the system during the require-

ments phase. As the user thinks more about the new system
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and later works with it, other requirements may arise. Even

though these were not identified initially, they are still

necessary for a complete system. Another situation is the

shopper who decides to buy an item that, although not neces-

sary, is a convenience to have. In terms of the user and

the system, once the user interacts with the system, certain

features may be identified that, if added, would make some

activity easier, even though it is not required. Hence, it

is not practical to limit the system to the initial require-

ments and expect the user to be satisfied.

These discrepencies must be resolved after delivery of

the initial system as the maintenance phase of the develop-

ment cycle is entered. As can be seen from Figure 1,

maintenance is a relatively expensive process. Zelkowitz

(Zelkowitz, et al, 1979) estimates it to comsume 67% of the

total cost of software development. Swanson (Swanson, 1976)

defines three classes of change which occur during the

maintenance phase

o Corrective - fixing a preexisting error

o Adaptive modifying the software to accomodate

environmental change

o Perfective - improving or augmenting the perform-

ing capabilities

The two most important classes of changes are corrective and

perfective.
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Corrective changes result from ill-defined or forgotten

requirements, misinterpretations by the designer, and/or

coding errors. Perfective changes come about when the user

realizes the potential that the system has and requests

enhancements not in the original requirements.

Table I depicts the percentage of maintenance devoted

to the catagories above. The data is from Glass (Glass,

1979) and Lientz and Swanson (Lientz and Swanson, 1980). As

can be seen from this table, over 70% of the changes made to

a system fall under the categories of corrective and perfec-

tive.

The frequency of these types of changes suggest that an

approach in which the user is involved in refining the

requirements during the design phase would be very useful.

One such approach is rapid prototyping.

Rapid prototyping focuses on user involvement

throughout the development process. As system development

procedes, partial models of the proposed system are built.

Figure 2 (Klausner and Konchan, 1982), portrays the impact

of rapid prototyping on the development cycle. Two new

phases have been introduced - the generation and testing of

the prototype. Before the final system is generated the

user works with the designer in building the prototype sys-

tem. Thus, the user is provided with information about the

intended system's behavior. If the design is unsatisfac-

tory, it can be changed to satisfy the user. It is an
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iterative process of design, testing, and modification with

continuous user involvement until all requirements are met.

With the use of a prototype, it is expected that the

user will have a better understanding of the final system,

as well as more commitment to use the system since he had a

part in the system's development. Furthermore, fewer

corrective and perfective changes will need to be made to

the system after delivery since the requirements have been

defined more thoroughly upon completion of the prototype.

The remainder of this thesis expands on the technique

of rapid prototyping. Chapter II provides a taxonomy of

approaches and issues regarding the development of rapid

prototypes. Chapter III addresses the user interface and

explores opportunites for rapid prototyping of interfaces.

Chapter IV presents a tool for use in the development of

prototypes of user-interfaces (User Interface Prototyping

Tool). Chapter V describes a controlled experiment used to

assess the benefits of rapid prototyping of user interfaces

using a UIPT prototype. Chapter VI summarizes the conclu-

sion reached in this thesis and suggests directions for

further research.
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: Glass : Lientz-Swanson :

: Corrective : 60 : 50

: Adaptive : 18 : 25

: Perfective : 17 : 20

: Other 5 : 5

Table I: Percentage of Maintenance



8

- --

!Refining ReguirementsI
I and Design

Figure 2: Software Development Cycle with Rapid
Prototyping



9

CHAPTER II: RAPID PROTOTYPING TECHNIQUES AND ISSUES

Rapid prototyping has been suggested as a means to

decrease the amount of corrective and perfective maintenance

required on a system once it has been delivered. This

methodology of system development relies on continuous

interaction between designer and user until a design has

been reached that satisfies the user.

Three major issues to be addressed when building a pro-

totype are:

1) What parts of the system should be prototyped?

2) What technique will be used to build the proto-

type?

3) Once the prototype has been completed, what will

become of it?

The remainder of this chapter addresses these* issues: the

various features of a system that can be prototpyed, some

common techniques employed to build the prototype, and some

options that exist for the prototype's use once it has been

completed.

Aspects at tha System 12 Prototype

Once the decision has been made to prototype a system,

the question of what should be prototyped arises. The areas

most likely to be prototyped include the following (Weiser,



10

1982)

User Interface

System Functions

Expected Performance of the System

DI= Interface

In a data processing environment with input and output

processes dominant, user acceptance of a system depends on

the system interface to the human operator (Mittermeir,

1982). Here, decisions such as whether to use menus or a

command language to drive the system are made. Also

designed may be the dialogue including the prompts, avail-

able selections, error messages, and methods of recovering

from an error.

By prototyping the user interface, the user is allowed

to view the prototype as if it were the completed system.

The user is able to interact with the system in its dialo-

gue, test the data entry procedures, and view the sequences

of screens. If a design is not satisfactory, then it can

quickly and easily be changed. Some changes may only be

aesthetic (fields line up, consistent headings among

screens, consistent error messages). Other changes may arise

due to crucial omissions (a particular field is omitted).

Both may have a significant impact on the user and in the

end they will make the system more acceptable to the user.
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System Functions

If a final system does not meet some user requirements,

we can assume that there was some uncertainty or misunder-

standing between the user's needs and designer's interpreta-

tion. Therefore, some aspects of the application will

require actual database interactions and computations using

limited samples of data. If a prototype is constructed to

model areas of uncertainty or important features of the sys-

tem where questions may arise, then it is possible to

rapidly arrive at a program that allows the user and

designer to analyze the functionality and correctness of the

system. Here, it is important not to be distracted with

details such as an efficient algorithm. It is a quick way

to determine if the designer understands what the user wants

and to test alternative ways of performing certain func-

tions.

Expected Performance Q1 thg System

In this area the concern is whether some function can

be performed in a predefined time and/or memory allocation.

Therefore, a prototype built in this area focuses on imple-

menting time constrained aspects of the system or memory

consuming portions of the system to determine the feasibil-

ity of selected algorithms. While this aspect can be proto-

typed, it is more properly included in simulation. Thus, we

will defer further discussion of this aspect.
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Current Directions in Selecting l erects

Currently, most rapid prototyping applications have

focused on the areas of the user interface and system func-

tionality. It should be noted, however, that prototyping

one area does not necessarily preclude prototyping in

another. One possibility is for several prototypes to be

built, each portraying different aspects of the system. An

example of this approach can be found in (Zelkowitz, 1980).

In this case, one prototype was built to design the user

interface and a second prototype was built to design the

functions of the final system. Based on these prototypes,

the final system was then built. A second possibility is to

build a single prototype that portrays more than one of the

areas. This seems to be the most common approach taken in a

majority of the prototyping applications. The following

takes a look at the various methodologies currently being

employed to quickly generate prototypes.

Rapid 2I4tptypiag Techniques

The techniques commonly used to generate prototypes

consist of executable specifications, scenario-based design,

special purpose languages, automatic programming, reusable

software, and simplified assumptions. The remainder of this

section describes each of these approaches. The use of a

particular technique is not limited to use with a single

system aspect. Many can be used with both major aspects.

Table II shows the areas in which various prototyping
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techniques are used. These techniques can also be combined

to develop a single prototype.

Executable Epecifications

Executable specifications is a technique used to auto-

mate the process of requirements specifications. An execut-

able specification language describes the intended behavior

(what) without describing any particular algorithm (how)

(Balzer, et al, 1982). As a result, there is freedom from

implementation concerns. With this approach, one can

directly observe the behavior of any system that one can

specify in the language (Goguen and Meseguer, 1982). Two

approaches to this technique exist: algebraic specifications

and finite-state models.

Algebraic Specifications

Algebraic specifications involve a description of

objects in terms of sets, funtions over those sets, and

invariant equations over the functions (Smoliar, 1982). The

invariant equations comprise a specification which can be

viewed as reduction rules as in the OBJ language developed

by Goguen and Meseguer (Goguen and Meseguer, 1982). Given an

OBJ specification and an initial expression, the expression

may undergo several rewritings determined by the equations

of the specification.
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Finite-state Modgla

The most widely used form of executable specifications

is based on finite-state models or transition diagrams.

When starting in an initial state, an input is accepted, an

output produced, and the state changed. Constraints on the

properties of elements of the state serve to determine valid

state transitions (Smoliar, 1982). An example of prototyp-

ing the user/program dialogue is shown in Figure 3 (Wasser-

man, 1982). In this figure is an illustration of how a User

Software Engineering (USE) transition diagram works.

Starting in the initial state START, the message asso-

ciated with this state is displayed. If the input is "quit"

then the path from state START to BYE is traversed, any

associated actions take place, and the message associated

with state BYE is displayed. Similar actions occur if the

string "help" is entered. If the input string is "enter"

then a subconversation NEWENTRY, represented by another USE

transition diagram, is envoked. Any input string that is

not defined results in the path to GOOF being traversed.

Once a model contains sufficient operational detail it

can be interpreted to produce an executable design (Stavely,

1982). This can be used to display approximate behavior of

the intended system for analysis by both user and designer.

One of the major advantages of this method is the abil-

ity to verify the correctness and consistency of formal
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specifications. Once the requirements have been defined in

a formal and logical manner the requirements will be more

complete and comprehensible. Since the diagrams are inter-

preted directly the users are able to see resulting actions

and developers are able to observe if any requirements

clash. If any problems arise, a behavior is changed and the

specifications are re-executed.

Interpretive models currently being used include Gist

(Balzer, 1982; Cohen, et al, 1982; Feather, 1982), RPS

(Davis, 1982), OBJ (Goguen and Meseguer, 1982), PSLAIR1 (Mc

Coyd and Mitchell, 1982), and USE (Wasserman and Shewmake,

1982) .

Scenario -Based Design

It has been recognized that the longer errors remain in

software, the more costly they become to fix. Since

requirements identification is the first step in the

software life-cycle, errors in this phase incur a substan-

tial cost to correct after system installation. Scenario-

based design attempts to address the problem of requirements

identification (Hooper and Hsia, 1982). A scenario simu-

lates events the user would experience during system opera-

tion. It provides a model of the input-process-output

screens and associated dialogue. Consequently, the develop-

ers are able to present the user with a realistic view of

the resulting system (Mason and Carey, 1983) as it is

currently conceived.
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One suggested approach to the developement of scenarios

is through the use of a set of reusable software modules

(Hooper and Hsia, 1982). These reusable modules would be

generic so as to represent aspects of any given scenario.

Modules would be pre-developed so that when initial require-

ments have been agreed upon, the designer sets up a confi-

guration of modules that model the system. As requirements

are modified so too are the scenarios until a satisfactory

system evolves.

Another more widely used approach to scenario-based

design deals with the development of a prototype language

such as ACT/1 (Mason, et al, 1982; Mason and Carey, 1983) or

HIBOL (Mittermeir, 1982). The scenario development process

consists of defining screens, data entries, and their conse-

quent actions. An example of such an approach done in HIBOL

is shown in Figure 4. For this example we can assume that

the screen/report layouts have defined through the use of

some screen/report generator provided by the language.

These resulting forms are shown in Figures 4a and 4b. Using

these forms an activity is defined as in 4c. This activity

represents that of producing a display of sales by depart-

ment. If an activity were dependent on other input or used

as output to another activity then PRECEDED BY and FOLLOWED

BY slots would be filled in. With such a techinque, a pro-

gram can be defined using a succession of individual activi-

ties.
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From the external description and appearance of the

system, one then works inward to develop details that are

consistent with the external view (Mason, et al, 1982).

This would include such things as incorporating a database

interface and error handling and recovery procedures.

The advantage of scenario-based design is in the

development of data processing applications. In this area

much emphasis is placed on the input-output processes and

the interface between user and computer. The effectiveness

of data processing systems developed rests heavily on the

constructed scenarios and dialogue. By providing a design

methodology such as scenarios, the interface can be created

and modified quickly until it is acceptable.

Special- Purpose Languages

Special-purpose languages are modelling languages which

use the terminology of the application domain. When used in

the development of a prototype they facilitate the communi-

cation between user and designer about characteristics in

the proposed system. One particular modelling language that

has been developed is for information flow (Gill, et al,

1982). Administrative processes are modelled as packages of

information which flow between work-stations in an organiza-

tion. A graphical representation is initially used to

describe the system with different symbols for different

operations. An example of some of these symbols appears in

Figure 5. The information flow graph is converted manually
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to a format language which is then interprted to form a pro-

totype system. This method has been used in a project

called DASIS for a medical care system (Gill, et al, 1982).

Automatic Programming

Automatic programming is a proposed strategy for the

development of rapid prototypes as an alternative to execut-

able specifications (Barstow, 1982). It offers the advan-

tages of the prototype running more efficiently and the

specification language allowing for more informality. The

development of automatic programming systems requires the

development of specification languages and the representa-

tion and codification of knowledge about specific program-

ming techniques. Currently, the state-of-the-art techniques

do not support this methodology.

Reusable Software

Reusable components are commonly occuring patterns of

programming that exist in a specific application. They con-

sist of an I/O specification, control structure, and a gen-

eric problem/solution description. To apply reusable com-

ponents in the development of prototypes it is necessary to

capture and correctly represent past experience. Based on

these past experiences or knowledge new systems can be built

(Ramanathan and Shubra, 1982). Patterns are represented by

flowcharts, pseudo-code, or other equivalent formalisms. An

example of a pattern in the form of a flowchart (Ramanathan
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and Shubra, 1982) is shown in Figure 6. This pattern

represents the task of file update using a master file and

transaction file. The pattern is then interpreted to meet

the requirements of the specific application. Using a com-

bination of such existing patterns and, if necessary, the

development of a new pattern, it is possible to rapidly

create a prototype of the system.

LitoDlifyina gumption.

Simplifying assumptions are assumptions made in the

development process which allow designers to rapidly arrive

at a system. Although these assumptions may be incomplete,

the designer can focus on the important aspects without dis-

traction of details. For example, in the process of updat-

ing a file, the assumptions can be made that the file does

exist, there will be no errors when accessing the file, and

the records to be updated exist. Once the proposed system

meets all requirements, then these assumptions can be

retracted and the details added. To support the use of sim-

plifying assumptions a tool called the "programmer's appren-

tice" is being developed (Rich and Waters, 1982). The PA

supports the choosing of assumptions and keeps track of

assumptions so they can later be retracted. Therefore, in

the development of a system one can arrive at a prototype

that demonstrates functions that the users see. When the

requirements have been met, the details are added.



20

Prototype Az Throw-ANAy DAZiaI2 DI Finaj jstem

Once a prototype has been completed that meets the

specifications, one must consider what to do with it next.

In this situation the two major choices are throwing the

prototype away or converting it to the final system.

Those that believe the prototype version can or should

be thrown away and the final system built from scratch base

their arguments on the principle that shortcuts were taken

in producing the prototype rapidly (Gehani, 1982). Things

such as maintainability, efficiency, portability, and com-

pleteness are sacrificed for the sake of the speed of real-

izing a sample system with testability and modifiability.

Trying to convert such a system to the final production ver-

sion could lead to unnecessary complexity in the final sys-

tem. The effect of building such a prototype is a better

understanding and realization of the proposed system.

However, once the prototype has been completed its

usefulness does not have to end. Two further possibilities

exist for its use. First, the prototype can be used as a

documentation of the design (Dearnley and Mayhew, 1983)

(MacEwen, 1982). As the final system is being built, the

prototype serves as the specification to follow, and when

the system is complete some documentation of the design

exists. Second, the prototype is used as a way of prototyp-

ing system maintenance (Dearnley and Mayhew, 1983). Before

a change is made to the production system, it is made to the
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prototype to determine if it is functionally correct. Once

correctness is established, the change is incorporated into

the production system.

Those who believe that the prototype can be converted

to the final system hold that once the prototype is com-

plete, the total system has almost been completed. All that

is needed is to add functionality that the user did not see

or alter and replace inefficient portions of code (Taylor

and Standish, 1982). Another view is that the prototype is

developed iteratively. Once the prototype meets all specif-

ications, the prototype has evolved into the final system

(Blum and Houghton, 1982), (Keus, 1982).

The decision to throw away or to convert to final pro-

duct is not an arbitrary choice. One must consider the

tools used and the approach taken in developing the proto-

type. If tools exist for transforming and refining code

into a system that is maintainable, efficient, and complete

then the target system can be derived mechanically from the

prototype (Klausner and Konchan, 1982), (Mason, et al,

1982). Also, where the prototype is built from a program-

ming language (HIBOL or ACT/1) it is possible to complete

the entire project in the language. If the prototype can be

enhanced with the addition of a few capabilities (error

detection and recovery) and performance can be improved at a

few crucial points, then it would not be economical to

reprogram the entire system (Hooper and Hsia, 1982). How-
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ever, if the approach of developing several individual pro-

totypes of the system was taken, then it would be advised to

rebuild the final system using the prototypes as a guide-

line.

Summary

Rapid prototyping has been introduced to alleviate

some of the problems encountered in the traditional life-

cycle approach. Rapid prototyping has the following advan-

tages:

It provides an effective and efficient method of

fact finding (Dearnley and Mayhew, 1983). Com-

munication is opened between user and developer

and both learn what is really needed and wanted.

- As users work with the system, they can determine

if it is functionally correct. If not, changes

can be made quickly before final details are

added.

- If the prototype is not converted to the produc-

tion system, it can be used as a documentation

tool or as a tool for testing maintenance

features.
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Methodology User Interface System Functions

Executable
Specifications

Scenario-Based
Design

Special Purpose
Languages

Automatic .

Programming

Reusable
Software

Simplifying
Assumptions

x

x

x

Table II: Areas in which Various Techniques can be Used
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Figure 3: USE Transition Diagram
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SALESAUDITI

DATEL1

DATEI

AMOUNTJ

AMOUNT[

DEPARTMENTli

DEPARTMENT!

(a): Definition of form "SALESAUDIT"

Salesreport of all 10 departments

R-011E1 Ir

rEPARTMENT1

rEPARTMENT[

SALES]

SALES1

corporate sales
CSALESI

(b): Definition of form "REPORTSCREEN"

Figure 4: Scenario-Development Process
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PROGRAM NAME salesreport
VERSION 1
AUTHOR bill managesales
DATE 10/01/81

ACTIVITY NAME show
PRECEDED BY
FOLLOWED BY
USING FORM salesaudit FROM safl AS tight input

FORM reportscreen FROM crt 24 AS framed input
FORM FROM AS

ACTIVITY NAME

(c): Activity Definition for "salesreport"

Figure 4 (cont): Scenario-Development Process
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information entered from the user
screen using a predefined layout
and is sent on a channel

accumulates a record from
a channel to a file

incoming record is shown on the screen by
means of a predefined form. Information
can be added or changed and the resulting
record is sent on a channel.

Figure 5: Information Flow Symbols
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process access
m -node ---*m-str o.,

match 1

process Pt-str

no-match access
process --ot-str

Figure 6: Pattern for File-Updating
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CHAPTER III: USER INTERFACES

In this chapter we will consider interactive systems

and will look at why interface design is important; factors

to be considered in the design of the user interface; the

major interface dialogue types; and how prototyping can be a

useful tool in developing the interface.

Interface Importance

One will often find that during the early phases of

system development little attention was paid to the effec-

tive design of the man-machine interface (Martin, 1973) . In

the past, systems were designed from the inside out with

attention focused on efficient processing. Recently, how-

ever, there has been much interest in the human factor

aspect of interactive systems (Shneiderman, 1983). Usabil-

ity is becoming the prime focus of system design so that

systems are developed from the outside in.

One reason for such a change in emphasis is recognition

that if a system is badly designed or unnecessarily diffi-

cult to use, the user will reject or underutilize the system

and seek other methods of operation. A majority of systems

are built for people who are not computer scientists and

have a relatively limited knowledge about computers. Many

people resist the change to computerization and any fault

they can find in the system will be used as a reason not to

use the system. The user will be willing to permanently
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employ the system only if it is of help to his work, easy to

learn and easy to use (Wasserman, 1981). Therefore, the

success or failure of a system relies heavily on the user

acceptance of the interface. The system must do what the

user wants. A designer who develops a system based on what

he thinks the user would like and feel comfortable with

rather than identifying what the users really want and feel

comfortable with should not be surprised when the system is

not met with approval. The system must serve the user as

opposed to the user serving the system.

Interface Design

A major design goal, then, in the development of an

interactive system is "user friendliness" (Shneiderman,

1983). Wasserman suggests that a system's user friendliness

refers to its "personality". (Wasserman, 1981). Design

factors that affect the personality include:

Tone of messages

Input formats

Robustness

Help facilities

Although other factors have been identified (Wasserman,

1981), these are considered to constitute the major factors.

To demonstrate how these factors can influence a system,

examples are given below.
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Tone of MesskUZ

When messages are displayed on the terminal, whether

error messages or instructions, their tone can make the sys-

tem appear warm or harsh (Wasserman, 1981). Messages that

are friendly and informative will make the system appear

warm whereas terse and uninformative messages give a harsh

appearance. As an example, consider entering a date in which

the month has been entered incorrectly. A friendly and

informative message would appear as: "Incorrect date - month

must be between 1 and 12". However, a terse and uninforma-

tive message would be "ERROR NUMBER 742 See User Manual"

Clearly, the first message is much more informative than the

latter. It identifies the portion of the field in which the

error occurs as opposed to only informing the user of an

error but not what the error is.

.Input formats

Another aspect of friendliness refers to how strictly

data must be entered. This includes things such as entering

data values in free-form vs. fixed-form and the ability to

return to a previously entered field vs. entering data in a

fixed sequence. To illustrate the free-form vs. fixed-form

concept, assume the amount $120.00 is to be entered. This

could be entered as 120, 120., 120.0, or 120.00. These four

entries represent the same value and a friendly system would

accept any one of the above as valid inputs. However, a less

friendly system might accept only a subset of these entries.
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Another example of free-form vs. fixed-form is in the

use of a menu-driven system. If it is necessary to reach a

menu nested a few levels deep, one possible way to arrive at

the desired menu is to successively go through each of the

preceding menus. However, a preferred technique would be to

enter the command sequence that leads to the desired menu

directly. This method would allow a user who is familiar

with the system to bypass delays encountered in traversing

the menus. On the other hand, for the novice user the first

method clearly identifies the options that exist for pro-

cessing.

The ability to return to a previously entered field is

also a useful feature. If a user has a screenful of data to

enter and, after a certain point, realizes that some field

was entered incorrectly, it would be convenient to return to

the incorrect field, correct it, and continue. Without such

a capability it would be necessary to process the data as

entered and later go back and make the required change.

Robustness

The robustness of a system refers to how difficult it

is to abnormally terminate processing. This implies that

for every possible user input, there will be an "intelli-

gent" response from the system and the system will continue

to operate correctly following each response. If this is

not the case, then there will inevitably be loss of data and

system down time. If a system is not available for use when
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the user wants it, the system is likely to be discarded

(Wasserman, 1981). Robustness also contributes to how com-

fortable the user feels with using the system.

Help Facilities

A help facility is on-line assistance provided to the

user during use of the system. The user should be able to

easily obtain help and return to the process where the help

was invoked. This may be accomplished through the use of a

special-function key or some other simple technique. This

help should be available throughout the user interaction

with the system.

The advantage of providing on-line assistance is that

it enables the user to receive direct assistance while work-

ing at the terminal. Otherwise the user would have to

locate manuals (if they exist) and find the appropriate sec-

tion, which may be a difficult task (Wasserman, 1981).

Another problem with manuals is that they may be out of

date. Often as changes occur to a system, the corresponding

changes are not reflected in the documentation. It is more

likely that the help facility would have the changes incor-

porated since the changes can be made easier and it is apt

to be referenced more frequently.

Dialogue Designs

It is important to note that in the development of any

interactive system, the sophistication of the user will
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affect the interface design (Mehlmann, 1981). Different

users will have different capabilities. The "expert" user

may be satisfied with a less friendly system (as suggested

by the above factors) while a novice user would require the

more friendly version. One possible solution is that mes-

sages be customized to the user according to his capabili-

ties (Wasserman, 1981). An alternative approach is to pro-

vide the more friendly version so that the information is

available if needed.

User sophistication affects the selection of dialogue

type. Hendricks (Hendricks, 1983) has identified four basic

types of dialogues. These are:

Computer initiated and guided

Form-filling

Menu selection

Programming-like statements

Each of these dialogues is briefly described below.

Comp Initiated And guided

Computer initiated and guided dialogues instruct the

user on what to enter and possibly the action to be taken

after each entry. Figure 7 exemplifies this type of dialo-

gue. After a data value has been entered (followed by a

carriage return), a prompt for the next data value is
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displayed. With this type of dialogue the user needs little

training. However, this is very inflexible for it imposes a

rigid form of data entry. It provides no sense of control

and this sense of control is an important feature of user

acceptance (Shneiderman, 1980).

Form- Filling

An example of form-filling dialogue is shown in Figure

8. The user is presented with a screenful of prompts where

data values are to be entered. As with computer initiated

and guided, little training is needed since the user is

instructed what to enter. However, it is a less rigid data

entry format since the user can return to a previously

entered field or skip ahead. This provides some sense of

control since the computer is not dictating the sequence in

which data must be entered.

Menu-Selection

A menu driven system will consist of a screen, or pos-

sibly several screens, filled with a set of coded or num-

bered choices. An example of an IEEE COMPMAIL+ menu dialogue

is shown in Figure 9 (IEEE, 1983). The desired operation is

achieved by entering the code corresponding to the service.

An advantage to this dialogue form is that little or no

user training is required and the user is informed of the

range of available features (Shneiderman, 1980). A major

disadvantage, though, is that the system can become tedious
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and boring once the user has gained familiarity with it.

This, in turn, can be a cause of errors in the system as the

user attempts to improvise or skip certain operations (Mar-

tin, 1973) .

Eugxamming-like Statements

Programming-like statements offer the most flexible and

powerful type of dialogue (Hendricks, 1983). For example,

the System R command

UPDATE P
SET COLOR=1YELLOW,

WEIGHT=WEIGHT + 5,
CITY=NULL

WHERE P # =' P2'

would result in the color of part number P2 to be changed to

yellow, its weight increased by five, and its city set to

nonexistent (Date, 1981). With this type of dialogue, user

satisfaction is increased because the user feels more in

control (Shneiderman, 1980). However, extensive user train-

ing is required to learn the commands and syntax.

Prototypinq Interfaces

The development of any form of interface dialogue

requires the user to explain the system requirements and the

designer to, in turn, describe what the dialogue will be

like. However, if the user is a novice, he may not be able

to formulate his needs in a concise manner nor know the

potential of a system.
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One possible approach for the designer to aid the user

in these respects is to present the user with a document

describing the features of the dialogue and possibly a

sketch of the screen layout. The user then looks these over

and decides if it meets his requirements. A drawback to

this approach is that documents are static while the dialo-

gue is dynamic (Mehlmann, 1981). These documents are also

dull to read and difficult to understand (Gomaa and Scott,

1981). Therefore, it will be difficult to infer from the

documents how the proposed system will actually interact

with the user and whether it meets the requirements. When

the system is developed it will be at best partly satisfac-

tory, requiring on-going evolution as the user's understand-

ing of the system grows (Wasserman, 1981).

An alternative approach is to work with the user in

building a functioning prototype dialogue. This has two

major advantages. First, the user is kept motivated. Since

the user is not typically presented with a functioning sys-

tem until it is completed, he looses interest in the system.

Thus, he will be less likely to accept the system when it is

delivered. In the prototyping approach the user retains

interest since he plays a part in the design of the system,

so will accept the system more readily.

Secondly, prototyping can control the maintenance

required to evolve the system into one that is acceptable by

the user. By proceeding in an interactive fashion, the user
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and designer can experiment with the various dialogue types

to determine which type is the most suitable for the appli-

cation and user qualifications. Furthermore, when designing

the interface, issues concerning content of messages; input

formats; and where help facilities will be availabe and how

they will be invoked can be decided upon before the final

system is started. In this way, the user helps in determin-

ing the "friendliness" of the system. Also during the pro-

cess of interface design, the user gets some hands on

experience with the system. This is valuable for it allows

the user to identify any undesirable features before they

become a part of the final system. In the end the user is

more likely to be satisfied with what he gets.
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SS Number:

.

SS Number: 123-45-6789
Last name:

.

SS Number: 123-45-6789
Last name: Doe
First name:

SS Number: 123-45-6789
Last name: Doe
First name: John
Birth date: mm/dd/yy

Figure 7: Computer Initiated and Guided Dialogue
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SS Number:
Lest name:
First name:
Birth date: mm/dd/yy

Figure 8: Form-Filling Dialogue
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CODE

* MAIL
* CHAT
* DISCUSS
* POST
* NEWS
* OAG
* CSPUBS
* CONF
* CSNEWS

SERVICE

Electronic Mail System
On-line Communication (Two Users)
On-line Conferencing (Many Users)
Public Bulletin Board
International News Service it
Official Airline Guide #
CS Press Publications it

Society Conference Schedule I
Computer Society News #

Enter a service code

Figure 9: Menu Selection Dialogue
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CHAPTER IV: A PHOTOTYPING TOOL

This chapter presents a prototyping tool, UIPT (User

Interface Prototyping Tool), to aid in the development of

user interfaces. Some motivation and goals for UIPT are

briefly described then the tool itself is described in some

detail.

Motivation And Goals

In designing UIPT, focus was placed on an interactive

data entry environment. This environment is dominated by

input/output processes as opposed to complicated computa-

tions. Furthermore, there is a large amount of user interac-

tion with the system for the user must keep the stored

information up to date. Such an environment is typically

concerned with the following functions:

o Adding new data - the field or fields whose value

uniquely identifies a record (i.e., a key value)

currently does not exist.

o Changing data - current data is altered. This, in

general, does not include altering the key value.

o Inquiring about data The current data can only

be viewed.

o Deleting data - All data dependent on the key,

including the key, (i.e., a record) is deleted.
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It is in this environment where a well-defined user-

interface is of major importance to the success of the

entire system. Without an acceptable interface, the system

will meet resistance by users and may require major revi-

sions until it either becomes acceptable or is discarded.

Thus, the purpose of UIPT is to facilitate the design

of an interface that satisfies the user. It must present

the interface to the user as it would appear if it were

part of the final system. This includes how individual

screens look as well as the interaction between screens. If

the interface is not acceptable, then the tool must allow

changes to be made quickly and easily until the interface

is acceptable. When the design is acceptable the tool

should generate screen handling code.

The remainder of this chapter describes UIPT. The exam-

ples presented refer to the form-filling type of dialogue

although the tool is applicable to menu-driven and

computer-initiated-and-guided dialogues as well.

UIPT

As mentioned above, adding, changing, inquiring about,

and deleting data are the major functions in a data entry

environment. Figure 10 portrays the initial screen of UIPT.

This menu allows the designer to select the type of screen

to be created or invoke a help script to guide the designer

in the use of UIPT. The major difference between the four
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types of screens involve the definition of variables, dis-

cussed later. After an option is entered (between 1 and 4),

a cleared screen with brief instructions appears. This

display is used to define the user interface for all

options.

Interface Definition

To define the screen, all literal strings are enclosed

in single quote marks. Variables, which are defined later

using UIPT, appear as non-quoted strings with no embedded

blanks. When the screen specification is complete, a prede-

fined function-key is entered.

As an example, consider an inventory application. Data

values of interest in specifying an inventory item may

include:

A catalog number by which the item is uniquely

identified

Whether the item is kept in stock or must be spe-

cial ordered

The expected service life of the item

The class of items to which the item belongs

A description of the item

Quantity on hand
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Economic order quantity

Emergency reserve quantity

Reorder point

Footnotes

When the item became part of the inventory

Figure 11 shows how a screen could *be defined containing the

above information. When the predefined function-key is

entered, UIPT prompts the designer for a response to whether

the screen, as defined, is correct. If 'n' is entered then

the designer is allowed to make any changes to the screen as

it currently appears. When the changes have been made, the

predefined function-key is again pressed. This process is

repeated until 'y' is entered.

variable Definition

When the screen has been correctly defined, the next

phase is to define the variable fields. For each variable to

be defined, UIPT displays the variable name and prompts the

designer to enter the information needed to define the vari-

able. This information is determined by the option entered

(i.e., add, change, inquire, or delete).

Add Mode

When an "Add New Data" screen is being designed, the

information required to define variables includes the
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variable type, its length or range of possible values, and

whether it is required (R) or optional (0) for a user to

enter a value for it.

The variable type may be either a character string (C),

integer (I), real (R), or date (D). If the type is a charac-

ter string, then the maximum length of the string is

defined. For all other types, a valid range (inclusive) is

defined. The format of the date range is month-day-year.

cbange Mode

When a "Change Data" screen is being developed, the

information required to define variables consists of the

variable type, its length or range, and whether the value of

the variable is supplied by the user (U) or the system (S).

It is assumed that user supplied fields are required for

they define the key. However, for system supplied fields,

it must be specified if a value for the fields is required

or optional.

Inquire and Delete Modea

When designing these types of screens, the information

required to define variables consists of the variable type,

its length or range, and whether the value of the variable

is user supplied or system supplied. It is assumed that user

supplied fields are required for they define the key.
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Figure 12 shows the definition of the variables for the

screen in Figure 11 (assuming add data mode). After all

variables have been defined, UIPT redisplays a screenful of

variables with the prompt, "Are these fields correct (y/n)?"

If the designer replies 'n', then he is prompted for the

incorrect variables. When all incorrect variables have been

entered, the predefined function-key is entered. The vari-

ables to be redefined are displayed by UIPT along with the

current definition and the designer has to reenter only the

incorrect portion. When this is completed, a screenful of

variables is again displayed. This process is repeated

until all variables have been correctly defined.

User Interface

When the variable definitions have been completed UIPT

uses these definitions and creates the user interface.

Literal strings are displayed as they were entered with the

quote marks removed. In place of the variable names appear

underlines. The length of the underline is determined by the

length of the character string or the length of the range -

whichever is applicable to the current variable. The under-

line begins where the variable name began. Thus, it is

important for the designer to consider field lengths during

the initial interface design so that fields will not overlap

or be lost. Figure 13 portrays the interface that would be

generated given the definitions in Figures 11 and 12.

When the user interface has been displayed the designer
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has a final option to make any changes. If he decides that

the screen is not correct, then by replying 'n' to the

prompt, "Is this screen correct (y/n)?" he can return to the

beginning and modify the screen. Otherwise, by a reply of

'y', UIPT assumes that the interface is correct as defined.

Code Generation

When the interface is satisfactory to the designer and

user, UIPT enters the code generation phase. Here, the code

that is required to produce the interface as defined is

automatically generated, incorporating all restrictions set

forth in the variable definitions. This code is in the form

of subroutines with the appropriate calls to them. This

allows any further logic not supported by UIPT to be added

with relative ease.

When the code is executed the designer and user are

provided with an opportunity to interact with an operational

system. Initially, the cursor is placed at the first input

field. As data are entered, they are checked against the

requirements. If invalid data are entered, an appropriate

message is displayed and the cursor remains at the current

field. Also, attempts to bypass a required field will not be

allowed. If it is decided that the interface needs modifi-

cation, then either the generated code can be altered to

accomodate changes or the initial screen definition can be

altered and reprocessed. Through this process the designer

working with the user is able to create a satisfactory
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interface in a relatively short period of time.

Multiple .Screens

It may not always be the case that one screen is suffi-

cient for the application at hand. To handle this situation

the designer has the option to define a screen as a con-

tinuation of the one just defined. This is done by respond-

ing 'y' to the question, "Do you want to define a next

screen (y/n)?" The designer then repeats the steps previ-

ously outlined. The code generated for this screen is also

in a subroutine and the routine is invoked after the last

data value is entered in the previous screen.
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uIPT/v1.1

Main Menu

0. Help

1. Add data

2. Change data

3. Inquire data

4. Delete data

5. Exit from system

Enter option:

Figure 10: Initial Function of UIPT
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'Inventory Control System'
'Catalog Addition'

'Catalog No:' catno
'Item Date:' date
'Stock (s/n):' stock
'Service Life:'srvc
'Item Class:' class
'Description:' descrl

descr2

'Qtyoh:'qtyoh
1E0Q;' eoq
'EMRS:' emrs
'ROP:' rop

'Footnotes:tftnotel
ftnote2

Define Screen - Literals in quotes
Variables by name - PF1 when finished

Figure 11: Display to Define Screen Format
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Please define fields as they appear
Type Length/Range R/O

catno c 6 r
date d 01/01/80 12/81/99 r
stock c 1 r

srvc i 1 600 r
class c 20 r

descrl c 20 r
descr2 c 20 o
qtyoh i 0 9999 r
eoq i 0 9999 r
emrs i 0 9999 r
rop i 0 9999 r

ftnotel c 20 r

ftnote2 c 20 o

Figure 12: Variable Definitions
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Inventory Control System
Catalog Addition

Catalog No:
Item Date: /_/_
Stock (s/n):
Service Life:
Item Class:
Description:

Qtyoh:
E0Q;
EMRS:
ROP:

Footnotes:

Figure 13: Generated User Interface
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CHAPTER V: AN EXPERIMENTAL EVALUATION OF PROTOTYPING

This chapter describes an experiment carried out to

investigate the effect of prototyping on user interfaces.

The results of the experiment are presented and discussed.

Introduction

A prototype version of UIPT was implemented in Basic

on a Commodore 64 personal computer. The prototype version

consisted only of the add mode and did not generate code.

However, the interface definition, variable definition, and

interface generation portions were operational.

The experiment carried out using UIPT can be considered

an exploratory experiment. Since no other prototyping

experiments had been carried out to this author's knowledge

at the time of this thesis it was hoped that this study

would serve as a pilot on which future experiments in proto-

typing could be built.

5xperimental Design

In this experiment the effect of prototyping on user

interfaces was to be tested. A question of interest was if

"designers" using prototyping and UIPT could develop screens

that would be significantly more satisfying to users than

designers who used neither.

To carry out the experiment one "designer" would
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develop a screen on paper based on a set of requirements and

a second "designer", given the same requirements and using

UIPT, would develop a similar interface. The designers

using UIPT would have a "user" present and would make any

changes the user suggested until the user was satisfied with

it.

The different screens designed by the participants

would be presented to a group of "users" for evaluation.

(This group of people will be ref eyed to as "evaluators").

These evaluators were different from the users involved in

the prototyping. When the evaluation was completed, the

results of the prototyped interfaces would be compared with

the results of the non-prototyped interfaces to determine

what effect, if any, prototyping has on user satisfaction.

For n prototyped interfaces and m non-prototyped interfaces

there will be n*m experiments as each prototyped interface

would be compared with each non-prototyped interface.

2articipants

Six subjects were chosen to participate in the experi-

ment as "designers". Four of these were Computer Science

graduate students at the Master's level, one was a Senior in

Computer Science, and one a Junior in Computer Science. All

of the graduate students had received their undergraduate

degree in Computer Science and had at least two years pro-

gramming experience outside of school. The Senior also had a

few years programming experience outside of school, while
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the Junior had no outside experience.

The users who worked with a designer using UIPT were

graduate students either at the PhD level or Master's level.

Each had at least two years programming experience outside

of school.

There were twenty-nine evaluators to judge the various

interfAce designs. These evaluators were students from two

sections of a senior level Computer Networks class. Thus,

the evaluators were comprised of Seniors and graduate stu-

dents along with a few Juniors.

Procgdure

A set of requirements was developed for.an on-line stu-

dent registration system. These requirements are shown in

Figure 14. This particular application was chosen since all

the participants were familiar with the registration process

that currently exists and would have some idea as to what an

automated system should consist of.

The designers were asked to meet (as a group) for an

explanation of their part in the experiment. Each of the

designers was given a copy of the requirements and asked to

design a user interface that would satisfy the requirements.

Three subjects volunteered to use UIPT and work with a user

to refine their interface design.

Those designers who developed the interface by hand had
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no user interaction. When an interface was developed that

they considered complete, its design was returned with no

further changes allowed. Each of these interface designs was

returned within a twenty-four hour period.

Those designers using UIPT were asked to develop an

initial design and return at a later time (the next day) to

enter their definition of the interface into the prototyping

tool. Thus, each of these designers also had approximately

a twenty-four hour period to develop their interface. Each

of the designers made a separate appointment to return the

next day. At this time, a user was present to make any

suggestions for change and the designer would incorporate

them. When the user was satisfied with the interface, its

definition was saved for later use. These sessions ranged

in time from forty-five minutes to seventy-five minutes.

Figures 15 to 20 represent the various user interfaces

developed. Interfaces JS, RS, and NC were developed using

the prototyping tool while interfaces SR, DS, and RC were

developed by hand.

During a class period (one for each class of evalua-

tors) each of the evaluators was presented with a copy of

the requirements and a hardcopy representation of each of

the six interfaces. They were given an evaluation sheet by

which to judge each interface design (shown in Figure 21).

The evaluation was based on seven criteria. These were:
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Completeness of Screen. This measures whether the

screen meets the stated requirements.

Consistency of Screen. This includes things such as

fields lining up, prompts terminating in the same

manner, etc.

Conciseness of Prompts. This measures if the prompts

clearly identify what is to be entered without being

verbose.

Logical Positioning of Prompts. This measures how well

related fields are grouped together and if the fields

appear in a logical order.

Clarity of format of what is to be entered. This meas-

ures how well prompts identify the format of the data

to be entered. For example, if a date should be entered

as MMDDYY or in some other way.

-Attractiveness of the Screen. This measures how attrac-

tive the user perceives the screen to be.

Overall Satisfaction with the Screen. If this is the

screen to be used, this measures how satisfied the user

would be using it.

For each screen, evaluators scored each criterion between

one and five, where one is poor and five is excellent, on

how well the subject felt it was met.
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Results

The null hypothesis was that there is no difference in

user satisfaction between a user interface designed with the

aid of a prototyping tool and a user interface designed

without such a tool. Since there is no indication that one

is better than the other, the alternative hypothesis was

that there is a difference in user satisfaction between pro-

totyped interfaces and non-prototyped interfaces. It was

hoped that this could be determined by observing the average

scores received by each group.

The results of the evaluation are shown in Table III.

In this table are the mean score and standard deviation that

each design received for each criteria.

To test the hypothesis, the t-test was used. Underly-

ing this test is the assumption that the samples are nor-

mally distributed. As can be seen from Table III, a major-

ity of the standard deviations are unequal. Because of this

and the fact that the number of evaluators was less than

thirty, the equation that was used to compute the t-values

is:

T -
(X - X )

(s /n) + (s /n)

with degrees of freedom, v, computed by
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n -1 n -1

from Walpole and Myers (Walpole and Myers, 1978). The

results of the t-test are shown in Table IV. Sample 1

represents the interfaces created using UIPT and Sample 2

represents the interfaces created without the aid of a tool.

Positive t-values correspond to Sample 1 being "better" and

negative t-values correspond to Sample 2 being "better".

Those t-values that have a significance level greater than

.05 are denoted by an asterisk. The number of asterisks

increases as the level of significance increases.

As can be seen from this table, the criteria clarity of

format and overall satisfaction have t-values indicating

that prototyped interfaces are no worse than non-prototyped

interfaces. Furthermore, a large majority of the prototyped

interfaces are significantly better than the non-prototyped

interfaces. Had there been a theoretical basis to use a

one-tailed test, the results would have been even stronger.

The criteria of consistency, conciseness, and attrac-

tiveness each have only one case in which the non-prototyped

interface was found better than the prototyped interface.

However, this was not better at a significant level. In the

categories of conciseness, logical positioning of prompts,

and attractiveness it can be seen that, once again, a large
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portion of the prototyped interfaces were significantly

better than the non-prototyped interfaces.

Experimental Limitations

A drawback to the experiment is that the group of users

evaluated the prototyped interfaces as a static design. Part

of the benefit of a prototyping tool lies in its ability to

present the interface as it would be if it were part of the

final system. This includes what data entry would be like

and the transition between screens. Thus, the prototyped

interfaces were presented in the same manner as the non-

prototyped interfaces, which would not be the case in actual

use.

Another problem was that the users who worked with the

designer using UIPT were not representative of a typical

user. They were not expressive enough about how the inter-

face should be. Only mild criticisms and suggestions about

the interface were given. As a result, the interfaces were

at best partially satisfactory as opposed to totally satis-

factory. We feel that a real user would be more aggressive

with a designer in determining how the interface must look.

Furthermore, the users were graduate students who have no

more experience with a registration system then that of the

designers. We feel that a "real" user would have more

knowledge about the application at hand than the designer

would and, thus, would be able to identify problems with the

interface more readily.
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A third problem encountered was with one of the

designers who volunteered to work with UIPT. This designer

received the experimental material the previous day, as the

others did, but failed to read the requirements and design

an interface. When the designer returned the next day to

work with a user, no initial interface had been developed

and the designer was unsure of what was to be done. It was

not until after the session with the user that the designer

understood what role he/she was playing. Therefore, the

interface created by this individual was discarded.

Finally, tight experimental controls were lacking. It

would have been better to have met with each of the partici-

pants individually and to have discussed his or her part in

the experiment so as to not let him/her be influenced by the

role he/she or the other designers were playing. For exam-

ple, the designers who worked on their own may have had a

defeatist attitude from the start figuring that working with

a tool and user obviously should have some positive effect.

Also, the time spent on designing the interfaces should have

been monitored more carefully. As it is, only rough esti-

mates are known. If better track of the time were kept it

would had been possible to measure the effort spent on each

design and possibly to determine if this had any effect on

the results.
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Be2uliements Definition

A computerized system is to be developed that will

allow registration to be carried out by students using ter-

minals at a central location. At registration time, the

system will allow students to logon the computer and enter

his/her schedule - eliminating the use of cards as used now.

You are to design the system user interface. The

interface must be designed to allow all options that are

currently available at registration to be entered. These

options include instructor preference, parking permits (year

or term), health insurance (year or term), and yearbook.

Also, all information required to register for up to 6

classes should be entered using the system. Students are

identified by their social security number.

The interface should be of the form-filling variety,

and should fit within a single 22 row x 39 column screen.

You need to consider lengths of the data values to be

entered so as to represent then on the interface design.

This system will be used by all students so the inter-

face must allow use by the most unsophisticated of users.

Figure 14: Requirements Definition
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SOCIAL SECURITY NUMBER: -_-

PARKING PERMIT?(y/n):
If yes:year or term?(y/t):

HEALTH INSURANCE?(y/n):
If yes:year or term?(y/t):

YEARBOOK?(y/n):

Enter courses by priority (up to 6)

DEPT COURSE CREDITS INSTRUCTOR
CODE NUMBER (optional)

Figure 15: Interface Design JS
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Last Name First Name MI

Student Id#: - -
School (eg Science):
Year (eg Freshman):

Courses
Dpt Crs Crdt Instructor S/U

Do you want to purchase these (y/n)?
Parking: Term or Year (t/y):
Health Ins: Term or Year (t/y):
Yearbook:

Press ? for help

Figure 16: Interface Design RS
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Student
Name:

SS#

Oregon State University
Class Registration

LAST FIRST MI MAJOR
___

LUNCH
OVERR
Y/N

_
YIN

- - HEALTH Y N

DEPT
CODE

PARKING Y N
YEARBOOK Y N

COURSE INSTRU
NO. Description P/N PREFER

1 Y N Y N

2 Y N Y N

3 Y N Y N

4 Y N Y N

5 Y N Y N

6 Y N Y N

Figure 17: Interface Design KC
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STUDENT ID - -

COURSE INFORMATION

DEPT NUMBER SECTION INSTRUCTOR

XX XXX XX XXXXXXXXXXXXXXX
XX XXX XX XXXXXXXXXXXXXXX
XX XXX XX XXXXXXXXXXXXXXX
XX XXX XX XXXXXXXXXXXXXXX
XX XXX XX XXXXXXXXXXXXXXX
XX XXX XX XXXXXXXXXXXXXXX

MISCELLANEOUS INFORMATION

YEARBOOK?_ BICYCLE PERMIT?_

HEALTH INSURANCE PARKING PERMIT
TERM?_ TERM?_
YEAR?_ YEAR?_

Figure 18: Interface Design DS
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STUDENT REGISTRATION

SSN: -_-

Dept
Code No. Credits Instruct. S/U

Term Year Y/N
Health Ins: _ Yearbk:
Park Permit: _ LnchOv:

Figure 19: Interface Design NC
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STUDENT REGISTRATION

1

2

3

4

5

6

SOCIAL SECURITY NO.: _-_-

DEPT COURSE INSTRUCTOR S/U OR
NUMBER PREFERENCE GRADED

DO YOU WANT? (Y/N)

YEARBOOK?
LUNCH OVERRIDE?
HEALTH INSURANCE? YR OR TERM
PARKING PERMIT? YEAR OR TERM

Figure 20: Interface Design SK



The scale used to rate the criteria is from 1 to 5 where:

1 - poor

2 - below average

3 - average

4 above average

5 - excellent

1. Completeness of screen
(fulfills requirements)

2. Consistency of screen
(fields aligned, etc)

3. Conciseness of prompts
(understandable, not wordy)

4. Logical positions of prompts
(occur in a logical order)

5. Clarity of format of what
is to be entered

6. Attractiveness of interface

7. Overall satisfaction with
the interface

JS RS KC DS NC SK

Figure 21: Evaluation Form for Interface Designs
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JS RS KC DS NC SK

n
I 29 I 29 I 29 1 29 I 29 1 29 I

I I I I I I I

mean 1 3.3791 3.9651 3.6201 3.0681 3.5171 3.6201
I I I

sd 1 0.6761 0.7311 1.0141 0.7031 1.0221 0.9021

JS

(a)

RS

Completeness

KC DS NC SK

n I 29 I 29 I 29 I 29 I 29 1 29
I I

mean
1 3.7931 4.0681 3.4821 3.9651 4.1721 3.586
I I I I I I

sd I 0.818 1 0.593 1 1.1831 0.865 0.6581 1.180

(b) Consistency

JS RS KC DS NC SK

n I 29 I 29 I 29 I 29 I 29 1 29
I I I

mean 1 3.8271 4.0681 3.0001 3.2061 3.6551 3.793
I I I

sd 1 1.0711 0.8421 1.1011 1.0811 0.9731 0.818

(c) Conciseness

Table III: Means and Standard Deviations
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JS RS KC DS NC SK

n I 29 I 29 I 29 I 29 I 29 I 29 I

I 1 I I I I I

mean 1 3.3441 4.1371 3.2061 3.6201 4.0341 3.8621
1

sd 1 1.1731 0.8751 1.0811 0.9021 0.8231 0.9151

(d) Logical

JS RS KC DS NC SK

n 1 29
i 29 I 29 I 29 I 29 I 29

1

mean
1 3.8271 4.0681 2.7581 3.0681 3.4131 3.344

I

sd 1 1.0371 0.8421 1.2141 1.1001 1.0181 1.078

(e) Clarity

JS RS KC DS NC SK

n I 29 I 29 I 29 I 29 I 29 I 29
I I I I

mean 1 3.4131 4.1371 2.8271 3.1031 3.3441 3.413
1 I I 1

sd 1 1.0521 0.8751 1.1971 1.0801 0.9731 1.150

(f) Attractiveness

JS RS KC DS NC SK

n I 29 1 29 I 29 I 29 I 29 I 29
1 I I I

mean 1 3.3791 4.1031 2.8961 2.9651 3.3791 3.379
1 I 1 1

sd 1 0.9071 0.7041 0.8841 0.8861 0.8201 0.867

(g) Overall Satisfaction

Table III (cont): Means and Standard Deviations
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SK
S
a
m
p DS
1

e

2 KC

SK
S
a
m
p DS
1

e

2 KC

JS

1.151
52

1.711
56

1.065
49

Sample 1

RS NC

1.598
54

4.758
56
* * *

1.484
49

-0.408
55

1.945
50
*

-0.386
49

SK

DS

KC

JS

0.776
50

Sample 1

RS

0.779
56

1.161
50

1.967
41
*

0.530
50

2.384
50
* *

NC

2.335
44
**

1.025
52

2.741
50
* * *

(a) Completeness (b) Consistency

Sample 1

JS RS NC

0.137 1.268 -0.584
52 56 54

2.195 3.387 1.658
56 63 55

***

2.899 4.150 2.400
56 50 56
*** *** **

SK

DS

KC

JS

-1.872
53

1.003
53

0.465
56

Sample 1

RS NC

1.173
56

2.215
56
* *

3.604
56
* * *

0.754
55

1.823
56

3.279
56
* * *

(c) Conciseness (d) Logical

Table IV: t-value and Significance Level

Legend *: p <= .05

**: p <= .025

***: p <= .01



SR
S
a

p DS
1

e

2 KC

SR
S
a

p DS
1
e

2 KC

JS

1.737
60

2.703
56
***

3.603
55
* * *
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Sample 1 Sample 1

RS NC

2.850
53
* * *

3.887
52
* * *

4.774
55
* * *

0.250
56

1.239
56

2.226
55
*

SK

DS

KC

JS RS NC

0 2.698 -0.246
56 52 55

***

1.107 4.006 0.893
56 54 55

***

1.980 4.758 1.804
55 55 55

***

(e) Clarity (f) Attractiveness

Sample 1

JS RS NC

0 3.368 0

56 53 55
***

1.703 5.284 1.823
56 53 55

***

1.995 5.625 2.135
56 56 56

***

(g) Overall Satisfaction

Table IV (cont): t-values and Significance Level

Legend *: p <= .05

**: p <= .025

***: p <= .01
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CHAPTER VI: CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK

From the results in Table IV we see that for most of

the criteria, prototyped interfaces appear to be different

than non-prototyped interfaces and the scores lead one to

believe that prototyping is better than non-prototyping. In

this chapter we will look at what can be concluded from the

results that were obtained in the experiment. Suggestions

for further studies of the effect of prototyping on user

interfaces are then presented.

Conclusions

One thing to be noted is that, with the exception of

the consistency criterion, non-prototyped interface SK was

better then the rest of the non-prototyped interfaces. Also,

it appeared to be no worse than many of the prototyped

interfaces. Similarly, prototyped interface RS consistenly

received higher scores than all of the other interfaces.

One thing that would attribute to this is the skill of the

designers who developed the interfaces. If a designer is

good, this fact must be recognized and a poor designer with

all the tools in the world may not be able to produce a good

interface. Another factor that may be attributed to the

above is the familarity of the designers with the intended

system. It may be that under different circumstances where

the designers are not as familiar with the application, the

interfaces may not be of the same quality.
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Another apparent aspect is that the prototyped inter-

faces did worse in the completeness criterion than any of

the other criteria. A reason for this may be that designers

who do not use a prototyping tool are more careful and

strive to create a design as complete as possible. On the

other hand, the designers using a prototyping tool think

about the application but not at a detailed level for they

will be able to work it out more with the user. However, the

"users" in this experiment were not any more aware of the

application then the designers. Thus, the completeness that

a real user would enforce was lacking.

The criterion of logical positioning of prompts is

another weakness in the prototyped interfaces. We can attri-

bute the fact that what one person considers a logical

arrangement may not be logical to another. One person might

prefer to perform a task in a particular order while someone

else prefers to do it some other way and each person will

consider the other persons ordering as illogical. In looking

at the results of the interface designs we can see that

there is only slight favoring of the prototyped designs.

For the criteria consistency, conciseness, attractiv-

ness, and clarity the prototyped interfaces seem to be

favored over the non-prototyed interfaces. We can assume

from this that designers are not as concerned with the

aesthetics of the interf ace. They have more of the attitude

that something functional will do. On the other hand, users
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want something attractive to work with and if the interface

is not consistent and attractive, they will complain.

Another point is that designers tend to be too detailed in

their prompts and instructions. This may tend to insult the

user's intelligence for he feels he is being led by the hand

in using the system. Most users would prefer to have brief

prompts with just the necessary information.

We can consider the user's overall satisfaction with an

interface design as the criterion of most importance for if

the user is not satisfied there will obviously be requests

for modification until it becomes acceptable. As can be

clearly seen, the prototyped interfaces were no worse than

the non-prototyped interfaces and, in a large portion of the

experiments, prototyping proved to be significantly better.

Therefore, if one is concerned with overall satisfaction,

prototyping appears to make a significant difference.

Suggestions for Future Work

Further studies need to be carried out to determine the

extent to which prototyping affects user satisfaction of

user interfaces. One aspect that would be interesting to

determine is if it is the prototyping tool and user interac-

tion or simply the user interaction that results in users

being more satisfied with the interface design. A possible

approach to determine this is to carry out a three-way

experiment. One group of designers would develop an inter-

face without any user interaction or tools. A second group
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of designers would work with a user, but no tool, and

develop an interface together. The third group of designers

would work with a prototyping tool and a user and develop an

interface. The different interfaces would then be

evaluated, either through actual production use or by a

"panel of experts", to determine which of the interfaces are

met with the most approval.

Another aspect of interest is the extent to which the

user is actually satisfied with the interface as designed

with a prototyping tool. It is not clear if this satisfac-

tion is only temporary and once the interface is used for

some time, their satisfaction will diminish. If there is

some dissatisfaction, it would be interesting to find out to

what extent the interface is unsatisfactory. Things such as

making it required to enter a value for a field or moving

the location of a field would be relatively minor adjust-

ments. However, adding fields or redesigning a large portion

of the interface would be considered major modifications. It

may be possible to determine just how satisfied the user

remains if the designer, using a prototyping tool and

interacting with a user, was to develop an interface for a

portion of a system. The designer would then develop the

interface for another portion of the system without user

interaction. A record would be kept of how often requests

for modification were issued by the user and how extensive

the modifications were. Then, by comparing the amount and

type of requests made, one could get an idea of the types of
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changes that are required of an interface that had been pro-

totyped.

A third aspect of interest is the effect of prototyping

on multiple screen interfaces. One may want to determine if

prototyping is more valuable in the situation where the user

interface consists of several consecutive screens as opposed

to only only one. To test this, experiments involving a

non-prototyped single screen, non-prototyped multiple

screens, a prototyped single screen, and prototyped multiple

screens would be carried out. The various interface designs

would then be evaluated to determine which ones users found

most satisfactory.

Finally, the effect of prototyping on system cost

should be investigated. A question of interest is, "Is there

enough reduction in cost and effort during the maintenance

phase to cover the extra cost and effort expended during the

design phase when using prototyping?" The most obvious way

to answer this question is to simultaneously develop a sys-

tem using prototyping and the same or equivalent system

without prototyping (with designers of comparable ability).

Records would be kept on the time devoted to each develop-

ment phase and the maintenance required on the system once

it has been put into operation. After enough data had been

collected, the data would be analyzed to determine the total

effect of prototyping on system development.
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