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ABSTRACT 

Current research in screen design for human computer 

interaction has demonstrated that user task performance is 

influenced by placement, prompting methodology, and screen 

complexity. To assess the difference between a grouped item 

screen prompt and a series of single item screen prompts, a 

field experiment in a semiconductor manufacturing facility 

was designed. Subjects were randomly assigned to one of two 

groups to use a data entry system. Seven of the screen 

prompts differed between the two groups. During the four 

weeks of the study, a significant difference was measured 

between groups. The group screen users had lower task times 

for all four weeks. No significant correlation exists 

between work experience, performance review scores, or 

designated work shift. A strong negative correlation exists 

between frequency of system usage and task time. No 

difference was noted for measured errors. Subjective scores 

significantly favored the group screen design. 

vii 



CHAPTER 1 

INTRODUCTION 

Background 1 

Screen Design Impact on Performance ... 4 

Research Question 7 

Background 

The primary motivation for the design of effective 

human computer interfaces is the concern that some 

interaction methods may prove to be superior within a 

particular range of functions to alternative entry 

techniques. For a large scale computer application, close 

attention to the user's perceptions and needs may provide 

direct return benefits. 

One area of potential large scale systems design 

improvement is in current manufacturing shop floor 

applications. Manufacturing process information is a vital 

link in overall management decision support systems. See 

Figure 1.1 (Doumeingts, 1987) At the base of the physical 

production system pyramid is the data collection function 

of the information system. Most of the current data entry 

applications for shop floor control use multiple schemes 

1 
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for human computer interaction. With the recent development 

of Computer Integrated Manufacturing (CIM), and the 

resultant increase in data entry requirements, there is a 

need for research in effective interface design. 

INFORnATION 
SYSTEM 

DECISION 
SYSTEM 

I 

( PHYSICAL SYSTEM ] 

Figure 1.1 (Doumeingts, 1987) 

Manufacturing management and engineering departments, 

as represented by the upper levels of the decision system, 

have historically been limited in the information collected 

in the production environment. This lack of visibility is 

due to the costs for data entry and the limitation of 



3 

cost-effective systems for storing and manipulating large 

bases of information. With the continuing decline in 

computing hardware and storage costs, information systems 

for manufacturing subsystems are becoming a reality. 

(Parnaby, 1986) Information systems of the 5th generation 

will rely on integration of "islands of computing" into 

multi-functional knowledge based systems. (Schneider, 1987) 

Although computing costs have dropped, costs incurred 

due to labor data entry via the user interface have not 

changed significantly, nor are any standards or heuristics 

available for designing this direct link. The focus of 

research in human computer interaction has primarily been 

on interactions between various elements of screen design, 

rather than on specific elements. A need exists to define 

elements that significantly affect performance. This need 

in CIM system design for interface heuristics is heightened 

by the fact that there has been a shift from data entry by 

designated employees to data entry by all production 

workers as a partial job requirement of regular work. 



Screen Design Impact on Performance 

Factors: 
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Four closely interrelated factors exist for effective 

data entry of task related information: the need to reduce 

the cost of data entry while ensuring the validity of 

information, and the need to establish user acceptance and 

satisfaction while minimizing the learning curve of a new 

application. 

Data entry cost reflects the negative impact on a 

production system that information acquisition presents. If 

a production employee must enter work related information 

into any type of system, then this is time that is not 

productive in a pure sense. Costs of data entry in a 

typical midrange manufacturing facility of 500 employees 

may represent a significant overhead load. See Table 1.1 

Employees: 500 
Labor Rate: $8.00 

Annual Total Cost for Employees; $ 8,000,000 

Data Entry time: 6% (30 minutes per work day) 
Annual Data Entry Cost for Employees: $ 500,000 

Table 1.1 
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Accuracy in data collected during production operations 

is vital to operation of applications. Although it is not 

possible to determine a direct cost for invalid 

information, true impact is subtle and detrimental. Product 

costing is most frequently performed by evaluation of 

standards for certain operations. If cost or profitability 

can not be determined due to flawed information, decisions 

may be inappropriate. (Gaylord, 1987) 

User perception and acceptance of a system is one of 

the primary determinants of successful implementation for a 

new application. A poorly executed interface is an obstacle 

to implementation acceptance. Users will often attempt to 

thwart a cumbersome system, or may even resort to 

intentional misuse of an application. 

Regardless of the user's skill level, the attitude and 

willingness to learn a new system is often dependent upon 

the developer's understanding of the tasks to be performed 

and the constraints faced by the users. Learning any new 

task is a burden to an employee. Effects of learning speed 

have been studied and are an important determinant of early 

acceptance by users. (Shneiderman, 1987) 

All of these factors point to the need for research and 

understanding of effective human computer interfaces. 
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Importance; 

The need to provide effective interface systems for the 

end user of an- application drives this research. The 

anticipated effect size has been derived from a pragmatic 

point of view. Within an industrial setting, a difference 

of twenty percent would be an important cost differential. 

Referring again to the example in Table 1.1, a twenty 

percent reduction in data entry time could yield a 

potential $100,000 annual cost savings. This potential 

savings is due to higher productivity or capacity of 

current employees. Actual cost savings could be realized by 

the need for a reduced number of additional employees in an 

expanding operation. Less difference would not provide the 

direct justification for development time and effort in 

interface design from a cost perspective, although a case 

may be made for accuracy and user acceptance. Sample sizes 

were evaluated prior to implementation to verify that 

significance would be detected. 
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To test the impact of complexity on the design of 

interface screens for data collection, the question that I 

addressed is: 

What is the effect of logically grouped screen designs 

versus single item sequential prompts on task time, 

learning, errors, and satisfaction ? 

Thesis Scope: 

Within the scope of this Thesis study, I have 

investigated the relationships between two alternative 

screen designs in a field setting. The designs differ only 

with a single screen design variable. All other screen 

variables have been held constant between the two designs. 

Only limited previous research has been performed in the 

individual elements of screen design. The research has been 

performed at a semiconductor firm in a production prototype 

environment. By first establishing a baseline set of values 

for task times and error rates with a current equipment 

tracking system, 1 designed alternative screens to test the 

grouping strategies. 
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The design tested two levels of semantic complexity. 

Measurement of variables that represent performance related 

constructs are presented as the results of this study. 

Purpose: 

The intent of this research is to provide information 

based on one variable for overall screen design. A set of 

heuristic design guidelines for the development of human 

computer interfaces could be derived from similar 

experiments on other screen design variables. This study is 

directly applicable to system designers since results were 

derived from experimentation in a field setting. 

Presentation: 

This document is organized in a five chapter format. 

Proceeding from the introduction and background, a 

discussion of the relevant research is presented; of 

specific interest are the cognitive issues in data entry 

interface design. A detailed explication of the research 

methodology for the overall study is presented in chapter 

three. Conclusion and internal validity are presented as 

pertaining to the study and are followed by presentation of 

the study results. A summary and an evaluation of external 

validity issues is the focus of the concluding chapter. 



CHAPTER 2 

REVIEW OF RESEARCH 

Data Entry Applications 

Screen Design Issues .. 

User Interaction 21 

10 

12 

Measurement and Evaluation Criteria .. 29 

This research review opens by examining general 

background on the use of data entry systems in the 

workplace and by focusing on the need to collect 

information as one function of job performance. In the 

following section, design concepts that are relevant for 

this application set are presented, with particular 

attention to research performed in screen design 

complexity. System end-user ability is the theme of the 

third section; human computer interaction concepts focused 

in cognitive complexity and user ability are presented. In 

the final section, qualifications for independent and 

dependent variables are presented, followed by a discussion 

of direction for testing cognitive semantic complexity. 

9 



Data Entry Applications 
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Manual systems for recording changes in a work 

environment have existed as management and control tools 

since the dawn of the industrial era. Extensions of these 

manual systems that use the computer to record transactions 

in the workplace are among the earliest use of computer 

systems. Standard applications for the workplace, until 

recently, have relied on a batch process that required data 

entry by workers trained to enter data into a remote 

terminal. 

The approach taken by many firms to record work 

transactions and changes is to view the use of the computer 

as a tool for workers to perform their jobs in a more 

effective manner. Replacing manual systems with redefined 

computer aided systems have demonstrated the success of 

this approach in many applications. (Barron, Curnow, 1979) 

Although most data entry research has primarily been 

performed to date in a process control environment, some 

studies have examined the general impact on workers of the 

effects of technology in the workplace. (Buchanan, Boddy, 

1983) 
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The Computer Integrated Manufacturing (CIM) concept 

moves the use of computer tools to a more comprehensive 

control realm. As an extension to the basic concept of data 

collection, information is recorded by transaction as they 

happen at the work cell and updates to all related files 

occur on a near real time basis. Since the individual 

worker has the best knowledge of the operation currently 

being performed, they can provide the information into 

computer systems designed for that purpose. (Gerwin, 1982) 

The collected work center information is distributed to 

scheduling systems, to accounting and payroll, and to 

update screens for worker feedback. (Anderson, Schroeder, 

Tupy, and White, 1981) Although there is wide variance in 

the scope and complexity of manufacturing systems, all 

share one common attribute. The system requires data entry 

by workers as one facet of their overall set of job tasks 

rather than by a specialized data entry worker. 

The focus of this research is on the implications of 

this type of data entry design methodology, although it is 

important to note the overlap between the trend in 

manufacturing use of computers and the corresponding 

increase in computer use for other types of interaction in 

different surroundings, such as data access applications. 

(Landaver, Dumais, Gomez, Furnas, 1983) Additionally, in 

the artificial intelligence and expert systems arena, 
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researchers have directed extensive work toward pioneering 

more intuitive human interfaces for all levels of 

interaction. (Negroponte, 1970) (Gehlen, Schwartz, 1987) 

Screen Design Issues 

A primary determinant in the use of a computer 

application is the human-computer interface. (Bailey, 1982) 

When the functionality is inadequate, the user is 

frustrated and the system is often rejected or 

underutilized. Design of the interface does not differ 

significantly from the design of architecture or other 

structures dependent on human perception, and requires 

significant involvement and creativity on the part of the 

system developer. (Norman, Draper, 1986) (Laurel, 1985) 

Since entire applications are dependent upon the voluntary 

and accurate usage of a system, it is not surprising that 

the field of human computer interaction has grown rapidly 

during the past ten years. (Shneiderman, 1987) 

The field of interface design has been shaped by two 

primary forces. The first is the dramatic expansion of 

computer technology to the general population. This has 

promoted rapid ad hoc development of products that 

alternately either lack detailed testing of end-user 
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interfaces or provide an integrated window to the system. 

"Consideration of the interface as an entranceway is 

somewhat more informative than interface as facade. ...The 

viewpoint of the visitor is carefully planned to reveal the 

whole of a place in a very systematic way.... providing 

well chosen bits and pieces that can constitute a general 

understanding of a system." (Hooper, 1986) The other force 

has been a concentrated research effort by academicians in 

Cognitive Psychology, Organizational Behavior, Computer 

Science, and Human Factors Engineering. ( Norman, 1983) 

One important aspect of the human computer interface is 

the physical layout of the overall screen design. Academic 

research on the variables of screen design is limited. Due 

to the breadth of the human computer interaction field, 

researchers have studied more general complex interactions 

between elements of screen design, and have suggested 

guidelines for data displays. (Smith, Mosier 1984) These 

guidelines suggest 162 rules for design issues, although 

the actual screen layouts must be suited to the situation 

and application. (See Figure 2.1.) The verification of 

these design rules was not a part of this study. This 

limits the overall utility of this as a direct design 

answer to questions for particular usage. (Fontenelle, 

1987) 
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At any step in a transaction sequence, ensure that whatever data a user needs 
will be available for display. 

Display data to users in directly usable form; do not make users convert 
displayed data. 

For any particular type of data display, maintain consistent format from one 
display to another. 

Use short, simple sentences. 

Use affirmative statements rather than negative statements. 

Adopt some logical principle by which to order lists; where no other principle 
applies, order lists alphabetically. 

Ensure that labels are sufficiendy close to be associated with their data fields 
but are separated from their data fields by at least one space. 

Left-justify columns of alphabetic data to permit rapid scanning. 

In multipaged displays, label each page to show its relation to the others. 

Begin every display with a title or header, describing briefly the contents or 
purpose of the display; leave at least one blank line between the title and the 
body of the display. 

For size coding, a larger symbol should be at least l.S times the height of the 
next smaller symbol. 

Consider color coding for applications in which users must rapidly distinguish 
among several categories of data, particularly when the data items are dispersed 
on the display. 

When blink coding is used, the blink rate should be 2 to S Hz, vnth a 
minimum duty cycle (ON interval) of SO percent. 

For a large table that exceeds the capacity of one display fnime, ensure that 
users can see column headings and row labels in all displayed sections of the 
table. 

When data display requirements may change, which is often the case, provide 
some means for users (or a system administrator) to make necessary changes to 
display functions. 

Figure 2*1 Samples of the 162 Data Display Guidelines 

(Smith, Mosier, 1984) 
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Creativity in conunercial packages is responsible for 

the diversity of current interface variety. Product lines 

have been differentiated solely on the basis of the "look 

and feel" of the user interface. The Xerox 8010 "Star" is 

the earliest commercial product available that used an 

interface designed and tested with the human interface as a 

primary criteria. (Bewley, Roberts, Schroit, Verplank, 

1983) This system was followed by the "Lisa", then by the 

"Macintosh" by Apple Corporation. (Apple, 1985) (Hartley, 

Rice, 1987) This method of presenting information divides 

the screen into multiple smaller screens as illustrated in 

in figure 2.2. 

II 

Itiorkstation Setup 

Mutomatic login 
Color display setup 
Keyboard setup 
Pointer setup 
Preferred color setup 
Printer setup 
Screen saver period 
TEK4014 terminal attributes 
VT220 terminal attributes 
Worlcstation type 

Use default settings 
Restore last saved settings 
Save current settings 
Exit 

ii>iiiiiiiiiMiiiiiiiiiiiUiiw 

Color display setup 

Pointer foreground 
Pointer background 
Display background 
Window foreground 
Window background 

Uodate color Winnow backgrotinfl 

Intensity 

Figure 2.2 Window based Interface Example 
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Interface Evaluation: 

Empirical testing of user interfaces prior to 

introduction is performed infrequently except in critical 

applications. One exception is in the development of space 

shuttle control systems at NASA where extensive testing is 

performed for behavior and response. In this study, 

"sparsely filled screens with approximately 70 percent 

blanks were searched in an average of 3.4 seconds. 

...approximately 30 percent blanks took an average of 5.0 

seconds." ( Dodson, Shields, 1978 ) A reprint of the screen 

image is illustrated in figure 2.3 

AtPI CMOS 
I eitKC ON'YCS/NO 

2 SRT'YCS/IIO 
1 rU'YCt/NO 

ro SCO 

21 
21 
22 

RVl'94 
0PP'2a 
0P0»7i 

DAY r O C > 3 1  

rUNC'YES/IIG 
NOLD'YES/IO 
EXIT'YES/IIO 
UNPACK'YES/NO 

12 2A-24g;24;23 
13 2B-121:41:38 

ii PlT'YES/XO 
24 
2t ASK ACAIN'28 

ACPI CONDAHDS 
1 CHERCENCV PAtK>YES/)IO 
2 nOUNT CHCCI(>YES/NO 
~ tU CHECK'YES/NO 

RUN*YES/IIO 
HALT'YES/NO 

2i;}l 

T0NE*21 

ro SEQUENCE 1 
1 

i3 XLC2 I 
I 08-288;28:2( 

19 rN0*73 
21 rui'BS 
21 rH2'(l 
2 2  r o v « i 4  

43:4 
I 2(:48 

I2:3( 
4«:se 
IE:28 
5(;4I 
48:S( 

126 
IA-774 
18-785 
2A-93e 
28-388 

432 
23 rocu$*is 
24 CAN NV*2 
25 PCA HV>« 
2( EXP TLNE'L 

78 PERCENT DSPLY 
tTART>VES/NO 
EOIT'YES/NO 
SELF DUKP>YES/ND 
SU REIOAD'VES/NO 
CAL18RATE'YES/N0 

XRAV'ON 
IS 2C-44S:3S:43 
U 83-451: 1 9 ;42 
17 84-287123:51 
18 85-515:21:2e 

DELAYED 
27 TRACK*YES/NO 
28 CAV'je 
29 HPD DELAY 88 
38 RESET«7e3 

HHAT IS THE VORO RErORE SEQ > NNAT IS TNE TIKE VALUE OT LA > 

Figure 2.3 Screen Density Experimentation 

(Dodson, Shields, 1978) 
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Two other recent studies have focused on the effective 

design of screen displays in the attempt to derive metrics 

for screen design. Four variables: the overall density of 

screen displays, the local density of displays, the groups 

of connected characters, and the layout complexity were 

analyzed. Times were collected on response rate and number 

of errors in two different settings. (Tullis, 1981) 

In a study conducted at Bell Labs, employees performed 

screen retrieval tasks using 520 different screen displays. 

(Tullis, 1984) A multiple regression explained 48 percent 

of the performance time variance. From the results, metrics 

for density, grouping and layout complexity were validated 

in a limited manner. These initial metrics require a 

computer to determine the optimal layout of screen images 

and have not been fully validated, but indicate an effort 

to move design to a set of manageable heuristics. In a 

second study at Bell Labs with a smaller group of 

employees, searches were performed using a set of derived 

screens. Screen layouts with varied density patterns were 

evaluated; the results demonstrated a significant 

difference between the two screens " correlations between 

predicted and actual values were .80 for search times and 

.79 for subjective ratings Screen images are presented 

in figure 2.4 (Tullis, 1984) 
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TEST RESULTS SUHMART: CnoUND 

GROUND. FAULT T-C 
3 TERMINAL DC RESISTANCE 
> 3500.00 K OHMS T-R 

U.2t X OHMS T-C 
> 3500.00 K OBMS R-C 

3 TERMINAL DC VOLTAGE 
0.00 TOLTS T-C 
0.00 VOLTS R-G 

VALID AC SIGNATURE 
3 TERMINAL AC RESISTANCE 

S.82 K OHMS T-R 
14.17 K OHMS T-G 

- 628.52 K (»MS R-C 
LONGITUDINAL BALANCE POOR 
- 39 DB 

COULD NOT COUNT RINGERS DUE TO 
LOW RESISTANCE 

VALID LINE CKT CONFIGURATION 
CAN DRAW AND BREAK DIAL TONE 

* TIP GROUND 
* 

14 K 

DC RESISTANCE 

3500 K T-R 
U K T-C 

3500 K R-G 

BALANCE 

39 OB 

DC VOLTAGE 

0 V T-G 
0 V R-G 

AC SIGNATURE 

9 K T-R 
U K T-G 
629 K R-G 

CENTRAL OFFICE 

VALID LINE CKT 
DIAL lOHZ OK 

Figure 2.4 Bell Labs Study (Tullis, 1984) 

Custom software applications normally have less 

development effort expended in the end user interface. 

Since time estimates of thirty to forty percent have been 

attributed to user interfaces, project deadlines often 

infringe on true completion of the user interface. The 

primary concern to a specialized application engineer is 

the "correct operation" of the fundamentals. The human 

interface is often an afterthought. (Gould, Lewis, 1985) 
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It is the subject of some debate whether the system 

interface should be an integrated portion of the developed 

system or whether the entire software development process 

should be a modular layered product. The approach of UNIX 

to providing dedicated tools demonstrates the modular 

approach as opposed to an integrated shell. (Laurel, 1985) 

Since one goal of system designers is to move the 

development of applications toward the end-user, a cohesive 

set of screen design heuristics would be of direct value. 

(Wasserman, 1982) (Konsynski, 1984) 

Aspects of Screen Design: 

Many parameters are involved in the design of user 

interfaces; placement of the screen images, color usage, 

and interaction methodology. Studies have been performed to 

test the interaction between space and color, and 

interaction between placement and color. (Van Nes, 1986) 

This study was conducted in a process monitoring area where 

the use of distinct colors provided feedback to operators. 

(Conner, 2.988) Another study examining color focused on 

presentation media impact. The study demonstrated the 

persuasive effect of visual color versus black and white 

images. (Vogel, Dickson, Lehman, 1986) A study by 

(Fontenelle, 1987) examined the impact of centering versus 
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left justified text. Graphics images in three dimensional 

form have also been tested in user interfaces for possible 

improvement in usability. (Card, 1984) (Waldern, Humrich, 

Cochrane, 1986) Menuing systems and alternative traversal 

methods for menus have been explored to guide the 

interactive system user. (Wallace, Anderson, Shneiderman, 

1987) 

Many of the studies that have been conducted are not 

directly applicable to the focus of this research. For 

example, in a manufacturing environment, simple text mode 

terminals are the most cost effective means of interface. 

The cost difference between a text terminal and a graphics 

monitor is five to one. This limits the applicability of 

color and enhanced graphics images, although some research 

has pointed to justification for the added cost. (Conner, 

1988) Also, research involving specialized input devices 

such as tablets, barcode systems and pointing devices 

(Card, English, Burr, 1978) do not have general 

applicability across areas, may not significantly increase 

performance, and increase access cost. 

Screen Layout: Grouping of Items 

One element of screen design is of direct concern in 

this research, the effect of item grouping on task 
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performance. This variable is easily manipulated in an 

application setting. This is an important attribute of 

design that allows broad application of the underlying 

principles. (Tullis, 1984) Practical considerations for 

this emphasis are primary. If a basic concept for 

presenting items on a data entry screen is supported by 

empirical evidence of superior performance, and the labor 

involved in developing the interface is equivalent to 

alternative approaches, then there is no differential cost 

in following a design methodology. There is actually a cost 

benefit associated with an elegant design when executed 

well. (Freeman, 1978) 

User Interaction 

User Models; 

The underlying theory for differences in screen layout 

effectiveness is founded on human cognition. Studies in 

many areas demonstrate that humans differ in reactions to 

perceived events, patterns, and change. (Norman, 1983) 

Multiple models have been proposed for evaluating interface 

design. These models include process models, models of 

cognitive structure, and events representation. 



22 

Human factors r^??earch focuses on improving human 

performance by focusing on the basic functions that humans 

perform: information sensing, information processing and 

storage, decision and action, and post decision evaluation. 

(Norman, 1983) This model is the base general psychology 

model that depicts a flow from a perceived event to the end 

of the causation. It has been proposed that users develop 

goals and subgoals in the execution of tasks. (Card, Moran, 

Newell, 1980) Transition diagrams for modeling interactive 

systems have also been used to graphically depict this flow 

of events. (Kieras, Poison, 1985) See figure 2.5 

User User 
starts initiates 
typing activity 

Computer Computer 
begins completes 
response response 

<— Response time -

User planning time 
^ User think time 

TARGET tS WULl 

DEL KEY 

WOW-WULL TARGET ^ 

DELETE TARGET 

MOVE KEV (SELECT-
TARGET) 

TARGET 18 NULL 

CANCL 

TARGET-*. NULL 

MOVE TAROCT 
tuovE-cumowl 

'TO WHERE?' 

Figure 2.5 Sample Process Model Diagrams 
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Evaluation of the overall human computer interface is 

dependent upon not only the human cognition of the screen 

images that are presented, but on the task relationships, 

the environmental situation, and the context of the 

information system purpose. One approach to modeling the 

interface experience is to differentiate between the means, 

which "consist of signs arranged.." the manner, "the 

enactment" and the object or entire sequence of the 

interaction. ( Laurel, 1985) The analogy for interface 

design is that it should resemble an complete experience 

similar to a dramatic event, such as a play. 

The structural representation of the intellect can be 

represented as developed in the late 1950's as a cube. 

(Guilford, 1966) The three dimensions are the operations 

(memory, cognition, evaluation), the contents (symbolic, 

semantic, behavioral), and the products (systems, classes, 

relations). This relatively complex arrangement has been 

decomposed to two primary planes of interest by later 

researchers. The syntactic/semantic approach originated to 

explain programming behavior. (Shneiderman, Mayer, 1979) 

(See figure 2.6.) This has been expanded to a four level 

model. The overall concept of a structural model, as 

opposed to the process model, divides levels of interaction 

from the high level integrated view of the complete system, 

to a semantic level of meanings, then to a syntactic level 
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4 A  
A  4  
A /  
ACTION OBJEa 

1  A  

ACTION OBJEa 

TASK COMPUTER 

SEMANTIC SYNTACTIC 

Figure 2.6 Syntactic Semantic Model 

(Shneiderman, Mayer, 1979) 

that consists of lexical device dependencies. This model is 

useful for explaining the different implementations of a 

given interface methodology and for classification. (Foley, 

Van Dam, 1982). 
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User Classification: 

System users can be differentiated on the basis of 

different schemes. The classification in any study depends 

primarily on the research question that is asked. One of 

the most common classifications of user type in a study is 

frequency of use for a computer system. (Shneiderman, 1987) 

This classification separates users into three groups: 

novice users, knowledgeable intermittent users, and 

frequent users. The selection criteria for each class 

depends on the environment, but is normally based on 

frequency of system usage. 

User skill level is often another important determinant 

in system design. The end user skill range of a system can 

account for a wide variance in measured performance. Users 

have also been classified based on functional departments 

and levels within an organization. (Rockert, Flannery, 

1983) 

Within a manufacturing environment, other 

classifications are also relevant. Shift differences have 

been studied as a determinant of overall performance. Since 

results have been conflicting, support for differences 

between shifts may shed new light on the issues. (Frese, 
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Okonek, 1984) Personnel evaluation criteria are also 

relevant to the study of user interface issues. The 

selection criteria for hourly production employees is 

frequently under review for validity issues. Close 

correlations between direct task specific performance and 

selection or performance criteria provide validation for 

entry qualifications or performance appraisals, although 

direct measures have been shown to have limitations. 

(Latham, Wexley, 1981) Experience in the target setting may 

also be a valid user classification schema. This is 

primarily due to environment specific learning that is 

necessary to identify the correct entry selections in a 

user interface. 

Task Type Dependency; 

The actual task is also important in the design of the 

user interface. The entry of timekeeping information 

requires a different entry methodology than a random search 

of a database. Task analysis can vary from formal 

definition to implicit design. (Bailey, 1982) 

Cognitive Ability; 

Since the end user group ranges in skills that affect 

performance, a model for skills processing is important. A 
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mental model is built by uses to assist in understanding a 

new situation. Since learning a new computer system is 

often different from other more routine tasks, users may 

not have a clear conceptual picture of the tasks at hand. 

(Wohl, 1983) The cognitive schema differs between novice 

users and more experienced users. (Adelson, 1984) Of equal 

concern is that the mental models constructed by systems 

analysts and users will differ. (Weber, 1984) This creates 

a gap in the usability of the system. (See Figure 2.7.) 

(Norman, Draper, 1986) The complexity of the developed 

interface will affect the performance with a given system. 

USER'S 

MODEL 
DESIGN 

MODEL 

USER DESIGNER 

V. I—I DOCUMENTATION 41^ 

A SYSTEM H SYSTEM 

SYSTEM 
IMAGE 

Figure 2.7 Mental Model Disparity Between User and Analyst 
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For any particular task, initial users of a system will 

only have a limited grasp of the model and will consider 

functions on an item by item basis. An overall view of the 

set of tasks does not exist, nor do the tasks appear to be 

interrelated. (Adelson, 1984) Experienced users of a system 

require only limited information to trigger the recall 

process. Recent research conducted on the layout of 

windowing schemes has tested the differences between the 

relative skills of users. (Norman, Weldon, Shneiderman, 

1986) 

The relationship between skill set and cognitive 

modeling is primarily due to the cognitive complexity of 

the subject relative to the user. There is a discrepancy 

between the psychologically expressed goals and the 

physical controls of the task. (Norman, 1975) In the case 

of interface design, there is a matching problem between 

internal and external specifications. This is due to 

intervening variables, primarily perception. (Moran, 1983) 
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Measures Relevant to Interface Design: 

In the evaluation of the human computer interface, a 

number of variables are suggested by researchers for 

dependent variables. ( Shneiderman, 1987) An integrated 

evaluation of the user interface during a set of acceptance 

tests combines the primary measures. The dependent 

variables that are central to the evaluation of a user 

interface can also be classified into two primary fields; 

direct / objective (Card, Moran, 1980) and indirect / 

subjective. (Monk, 1986) 

The primary direct variable in the user interface is 

task time performance. One advantage in evaluation is that 

the user is often unaware of the measurement of task times. 

This reduces threats to validity (Cook, Campbell, 1979) and 

provides reliable reporting of the measured variable. 

A secondary direct variable is the tabulation of user 

errors. This is an indicator of overall performance and is 

a measure of the overall consistency of user performance. 

Indirect measures for interface design vary widely. The 

most dominant form of response collection is through the 
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use of surveys. ( Shneiderman, 1987) The surveys can be 

presented on-line or distributed to users in written form. 

A bipolar semantically anchored questionnaire can often 

yield specific guidance to system developers. ( Root, 

Draper, 1983) A sample section of an information system 

survey is illustrated in figure 2.8 

never always 
Operations prevent mistakes 0123456789 10 NA 

never always 
Informative feedback is appropriate 0123456789 10 NA 

confusing clear 
Link between operations and results 0123456789 10 NA 

too much adequate 
Amount of feedback 0123456789 10 NA 

too little adequate 
Amount of feedback 0123456789 10 NA 

never always 
Amount of feedback is user-controlled 0123456789 10 NA 

never always 
Display layouts simplify tasks 0123456789 10 NA 

cluttered uncluttered 
Displays 0123456789 10 NA 

disorderly orderly 
Displays 0123456789 10 NA 

Figure 2.8 Sample User Interface Questionnaire 

Interviews can be conducted with system users to gather 

information in either a formal or informal structure. This 

method most closely matches the acquisition method with the 

accuracy of the information. ( Kerlinger, 1986) 
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Direction: 

Research conducted to date offers guidance for 

exploration of possible improvements to the human computer 

interface. The models used to explain differences are a 

subject of debate, although references to the process model 

of cognition and to the semantic/syntactic model appear 

frequently in the literature. Measured variables for human 

computer interfaces are established within the field, 

measures that correlate well with the desired performance 

related constructs. The experimentation within a field 

setting of a specific set of variables in the user 

interface has potential for expanding our understanding of 

semantic complexity. Prior research has not been conducted 

specifically in the area of grouped item prompts versus 

single item prompts except as one factor in studies that 

manipulate many variables. Conducting an experiment of this 

single variable provides a test of whether different levels 

of semantic complexity assist or inhibit users in forming 

cognitive maps of tasks. 
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The presentation of methodology is ordered from the 

environment of the experiment to the direct design issues. 

This ordering best conveys the selection criteria that fits 

both the design intent to test an instance of semantic 

complexity and the field experimentation constraints. 

Explication of the independent and dependent variables, the 

randomization process and the measurement methodology are 

presented in the next section. A chronological record of 

the implementation, with relevant observations, completes 

this chapter. 
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Location: 

The site of the experiment was in the product testing 

area of a semiconductor facility. The work stations are 

test systems that measure the electrical performance 

characteristics of the integrated circuits. Employees 

within the facility perform tasks that require some 

interaction with specialized electronic test equipment and 

computer equipment. An illustration of the general layout 

of the facility is shown in Figure 3.1 Terminal locations 

for the data collection system are marked at the 

appropriate points. 

TEST FLQDR TERMINAL LOCATIONS FOR SETUP EXPANSION 

CURRENT 
NEW 

CUR 

_l—I —I 1— f-1 
Figure 3.1 Production Facility 
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Users: 

All of the production employees on three shifts were 

involved with the experiment. These employees ranged in 

previous system experience levels, months of facility 

experience, and in job performance ratings, "^e employees 

are representative of manufacturing employees in the 

Southwest regional area. A distribution of the production 

employees for each of the categories is illustrated in 

figures 3.2 thru 3.4 

Plot of Previous System Usage. Symbol is the 
Assignment to either group (G) or single (S) 

Previous Usage 

I 
200 + S G 

G S 
S G S G 
S . G SG S 

100 + S G G G S GSG 
GG G GGSS G SG SSS 

S GGS GSGS S GSSS G S 
S G G G GS GS 

0 I S S GG GS 

5000 5500 6000 6500 7000 
Coded Employee Number 

Figure 3.2 Previous System Experience 
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Plot of facility experience. Symbol is the 
Assignment to either group (G) or single (S) 

Months Employed 
100 + SSSSG 

MONTHS 
GG 

G GG 
GG G 

50 + SGGS 
GGSG 

S G 

SGSSSG 

G GS 

5000 5500 6000 6500 7000 
Coded Employee Number 

Figure 3.3 Months of Facility Experience 

Plot of Review Score. Symbol is the" 
Assignment to either group (G) or single (S) 

Most Recent Review 
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Figure 3.4 Job Performance Ratings Distribution 
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Application Software; 

The shop floor data collection module is an application 

that has been custom designed for the production test area 

of a semiconductor facility. This application makes 

extensive use of status display screens that update to 

display real time changes to the production environment. 

The interface is under evaluation for extension to other 

sites with similar settings. The data collection system is 

coded in C for the user interface shell and data collection 

modules. Engineering analysis software and tabular 

structure provide data storage for the shop floor 

information. Sequential ASCII files were spawned by the 

main control program and are indexed by date and shift. 

These files were used to record the time records for the 

employees. 

Hardware; 

The system utilized seven VT220 terminals for data 

entry and status display and the dedicated capacity of an 

11/750 processor. An RA81 disk drive provides allocated 

storage. A multiuser 11/780 processor provides secondary 

backup for the application. 
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A unique opportunity was available for the conduct of 

testing two screen designs. The appropriate design for 

introduction of the new system is a posttest-only control 

group design (Campbell, Stanley, 1963). Employees could be 

evaluated over a relatively long baseline period to use as 

a primary indicator or surrogate skill level measurement. 

This is not a direct pretest which indicates a pretest 

posttest design, but is a predictor for learning an 

expanded application. This baseline information was 

initially used to sort employees based on usage frequency 

for stratified sampling. Once employees have been initially 

exposed to the new system, the design is actually a true 

pretest-posttest design since the prior testing period may 

be used as a pretest. This increases the power for analysis 

of variance. 

Employees were randomly assigned to one of two 

treatments by the use of a software lookup table and, once 

assigned, retained the assignment for repeated trials over 

a fairly consistent implementation period. A dual screen 

design feature is nested into the other entries. The system 

user would enter three selections prior to the branch for 

alternate screens, then would enter a final set to conclude 

the overall task. See Figures 3.5 and 3.6 for the screen 
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image representations. The task time intervals were 

sampled during the experimentation period to determine when 

learning changes were no longer significantly present. 

Finally, all employee information via personnel records was 

available to the researcher. 

Two methods are employed for analysis of the data for 

the dual screen design. First, a time series plot was used 

to visually depict the learning effects for each screen 

over the implementation period. This method is actually a 

time series that aggregates users and is primarily used for 

curve fitting to determine the best fit for time 

categories. The second method uses these established time 

categories for evaluation via analysis of variance. The 

primary covariate is a weighing factor determined from the 

use of the system during each of the weeks of system usage. 

Secondary covariates were evaluated from an analysis of 

correlation between review score, work experience and shift 

experience. 

Baseline: 

During a pretest base period, skill levels were 

differentiated by evaluating system usage in the actual 

work environment. A system for tracking equipment failures 

was in use by production employees in the target setting. 
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As a predictor of skill level with the new system, 

frequency of use with the current system during the 

baseline period was used to order the paired grouping of 

production employees. See Figure 3.7 for a distribution of 

previous system usage. 

Task Type mean SD sample 

1) Start Transaction: 6 14 296 
2) IVhich System: 8 8 298 
3) Which Station: 8 15 298 
4) VJhat Request; 5 2 300 
5) What Equipment: 7 5 296 
6) What Problem; 14 14 296 
7) Verify Entry; 7 23 274 

Figure 3.7 Previous System Usage 

Randomization: 

To assign the employees in the production area into two 

groups for either the group screen or the single item 

prompt screen, a stratified approach was implemented. From 
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the ordered list of production employees, a paired 

technique matched a random number to every other employee 

in the list. (Kerlinger, 1986) If the preceding subject in 

the list was assigned an odd number, the entry was assigned 

even. 

Power Analysis: 

Before proceeding with the design, a power analysis was 

conducted to determine the number of subjects necessary to 

detect the difference in screen designs. In calculating the 

desired effect size and the necessary sample size, the 

importance of reducing the within cell variance was 

highlighted. Average initial task times gathered over a 

representative period on the intended subjects yielded the 

information in Appendix A, Table 3.1. 

The mean for the initial group was 8.8 sees with an 

overall (uncorrected) standard deviation of 9.7 sees for 

all skill levels and tasks. The difference of one fourth of 

a corrected standard deviation has been determined to be an 

important difference. (2.4 seconds) 
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The sample size required for a two group study with 

only initial baseline data implies that the total sample 

size should be nearly 200; in excess of the number of 

subjects available for the study. By using an analysis of 

variance design with a weight factor to improve the 

precision of the measured variables, calculating sample 

size required for a two group study with an allowance for 

the reduction due to skill related variance, the study 

requires 50 subjects. In the production setting, a minimum 

of 60 to 70 subjects were available. (See Appendix A, 

Table 3.1.) 

Discussion of Variables 

Dependent Variables: 

Variables were selected based on the relationship with 

the constructs to be measured. Underlying specific ability 

and skill in using a computer entry system correlates the 

biographic information for employees with expected 

performance. Two primary determinants for performance in 

using a computer entry system are speed and accuracy. These 

are quantifiable aspects of performance, but should also be 

matched to other more siabjective measures. To collect the 

dependent variables of interest, methods were devised to 

collect quantifiable variables with accuracy by using the 
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formally through the conduct of interviews. Personnel files 

on each employee then supplied selected biographic details. 

This matches collection methodology with the inherent 

accuracy of the information. (See Table 3.2.) 

Task Time (TT) 
Satisfaction Score (SS) 
Correction Count (CC) 

Table 3.2 Dependent Variables 

Task Time (TT) 

This is the measured time recorded by the system clock 

between the presentation of the screen prompt and the 

completion of the entry as signaled by a line feed after a 

validated entry. Each prompt includes some limited local 

string checking for errors. 

Correction Count (CC) 

This counter is the summation of different entries that 
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have been predetermined as errors. 

1) A Task Time of greater than 1.7 minutes would signal 

that an entry sequence was aborted abnormally. 

2) A difference in order of entries or repeated entries 

signals that the user utilized the quit or backup feature 

to correct mistakes after entry. 

Satisfaction Score (SS) 

An informal interview technique was used by the 

implementation team to gather information from subjects 

across all three shifts. The three interviewers selected 

employees based on perceived skill in using the system. 

Each interviewer queried employees on all three shifts. 

Independent Variables; 

The independent variables have been listed for 

reference in Table 3.3 and are summarized below: 

Attribute: Prior System Skill (PS) 

Skill Level with the initial system for equipment tracking 

was used as a primary indicator of expected skill with the 

new system. This was used as an initial estimate of usage 

for the experimental system. 
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Current Experience (CE) 

Work experience in a manufacturing setting affects the use 

of tools in a work environment. Their current term at the 

production facility influences the familiarity with the 

specific vocabulary of the area. Once again, a partial 

correlation could indicate that this variable accounts for 

a portion of the variance. 

Attribute: 

Prior System Skill (PS) 
Current Experience (CE) 
Current Review (CR) 

Active; 

Grouped Tasks Screen (G) 
Single Task Screen (S) 

Table 3.3 Independent Variables 

Current Review (CR) 

Specific employment performance review scores are believed 

to correlate closely with specific task performance. A 

partial correlation will verify importance. 
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Grouped Tasks Screen (G) 

Presentation of all entry prompts in logical groups. This 

is the only difference in the active design and only 

affects one set of entries. An option menu and instructions 

are also presented on the screen. 

Single Task Screen (S) 

Presentation of each of the entry prompts one at a time. An 

option menu and instructions are also presented on the 

screen. 

Implementation 

Conduct of Experiment, Pre-Implementation: 

Baseline data collection began on April 6 and continued 

through until June 30, 1988. This collection period allowed 

reliability testing of the techniques for collecting usage 

and time data through program control. Initial power 

analysis was conducted to verify that important differences 

could be detected with the proposed design and analysis 

techniques. 

During the three weeks prior to system implementation 

on July 5, notices of the new system functions were posted 



46 

and periodically updated using an on-line billboard area on 

the terminals of the existing system. The week prior to 

implementation, a short meeting was conducted with each of 

the three shifts to explain the new system. A written 

description and reference card was given to all employees. 

This card explained the tasks involved, but did not 

specifically define the entry methodology. (See figure 

4.8.) 

L When you start your Lot setup. 

These are "the Items that will be 
entered at the ternlnali 

Employee Number 
Lot Number 
Quantity In 
Device Type 
Package Type 
Temperature 
System and Station 
Handler or Thermostream 
Test hardware TU Numbers 

2. When you end your Lot setup. 

You will then enter youn 

Correlation Serial Number 

Figure 4.8 User's Guide Reference Card 
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Observers: 

The system implementation team consisted of two 

industrial engineers and the researcher. Both of the 

industrial engineers had been thoroughly familiarized with 

the system and understood the concept involved with testing 

of the two alternative entry methodologies. Their function 

was to assist with operator familiarization and to observe 

employees entering information. Each of the industrial 

engineers was asked to predict the outcome of the 

experiment just prior to implementation. 

Industrial Engineer 1: This employee has been employed 

for five years with experience directly in the test area. 

" The group screen would be better overall, except for the 

less skilled employees." 

Industrial Engineer 2: The second Industrial Engineer has 

less exposure to the test area, but had been closely 

involved with work study during the prior three months." 

The single screen would be easier to learn, but maybe the 

group screen would be better for some employees." 

During these discussions, the researcher declined to 

predict a specific outcome, but thought that there seemed 

like there would be some differences. This was done to 
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reduce any experimenter or observer expectancy in the 

outcome. (Rosenthal, 1982) 

Experiment Week 1 

During the first week of implementation, two of the 

three observers were in the test area during any shift 

change time period. This is due to the normal increase in 

data entry at these times. Observers rotated shifts during 

the week to observe all employees with the new system and 

to assist with any entry related problems. At all times, at 

least one observer was in the test floor area. 

At the end of the first week, the implementation team 

discussed general observations about the conduct of the 

overall implementation. Specific questions related to the 

conduct of the experiment were discussed in some detail. No 

operators understood that an experiment was in progress. 

Experiment Week 2 

During the second week, observers continued full 

coverage of the production area. One observation noted was 

that the experienced operators were beginning to use the 

type-ahead feature with more frequency. This was observed 

in more cases with the group screen design than the single 
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item screen. Errors were noted with more frequency with 

the group screen design however, since no immediate 

feedback from the system was possible during type-ahead. 

Also noted was that some of the experienced operators 

were frustrated by the single item screen prompts; that 

they were distracting and seemed slower perceptually 

although the code was designed with the same number of 

sequential operations for each screen design. 

Experiment Week 3 

The data entry application became more routine. During 

the first two weeks, periodic prodding was necessary to 

remind operators that data entry was required during normal 

operations. Entry during the week had been performed more 

consistently. Observers were spending less time directly 

with operations since there were few questions at this 

point and the observers did not want to be mis-perceived as 

an enforcement function. Routine audits and random 

walkthroughs were still being conducted. No comments had 

been made on the dual screen design by system users. 
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Experiment Week 4 

System monitoring decreased. The use of the entry 

system had been accepted by the test area workers as a 

function of their work. One observation was noted: an 

operator was sitting at the terminal and in a single 

string, entered all her information and, when she saw the 

researcher, remarked that she was faster than the computer; 

that she can enter all her data and just watch it work. She 

was using the group screen design. 

A decision was made by the researcher at this point to 

sample collected data and to determine which design was 

more effective, then to change over all users to a single 

design. 

Experiment Week 5 

At the beginning of the week, a sample of test area 

operators were interviewed about the interface design. The 

interview technique was informal and focused on three 

general areas. 1) Overall interface and system use. This 

was to gauge the acceptance and attitude of the user. 2) 

The lot screens formatting. By actually drawing up the 

screen, the employee number could be verified and which 

design was selected. Actual satisfaction and ease of use 
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were discussed. 3) The final question was whether the 

operator had seen any other screens and whether he 

preferred a single item screen or a group of items at one 

time. 

Based on the initial data analysis and the views of the 

subjects, a review team at the semiconductor facility met 

in conference. The conclusion of the conference was that 

the results of the experiment demonstrated the benefits of 

using the group screen format for the shop floor control 

system. The system software was modified, the group screen 

design was selected and all employees began to use a single 

design. 

Data Analysis: 

During the actual data analysis to calculate the 

detailed results presented in the following section, a 

number of tools were utilized. First, custom programs were 

designed to extract the time differential and composite 

scores for each subject in the experiment. These were coded 

in C. Once the main files were extracted into data files by 

screen type, they were imported into two software packages 

for evaluation. SAS was used to compute the correlation 

analysis and analysis of variance. Lotus 1-2-3 was used for 

the time series plots and graphing. 
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In the presentation of results, a discussion of the 

hypothesized relationships is presented and compared to 

actual results. The order of this section is from the 

initial time series views of the experimentation period to 

the analysis of variance results for the primary dependent 

variable, task time. Secondary variables are measured in 

aggregate for each of the two screen designs. Correlation 

results between attribute variables and the primary 

dependent variable are followed by the subjective 

evaluations. A summary of any threats to validity closes 

this chapter. 

52 
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From my background investigation into conceptual 

semantic models, cognitive complexity, and interface 

design, two primary hypotheses were the focus of the 

research. The first concerns the task time performance of 

the two screen designs. 

Hypothesis 1: There is no difference in task time 

performance for any of the four weekly time group averages. 

( AVGl through AVG4) The grouped screen design is 

hypothesized to reduce task time during later time groups 

for all skill levels. The single item screen design is 

hypothesized to be easier during early time groups. This 

tests the formation of user mental models in the 

performance of tasks. Placing items together in logical 

groups will assist in the early formation of cognitive 

maps. Initial performance for users of the group screen may 

be reduced by distraction from other items appearing on the 

video display. 

Hypothesis 2; There is no difference between the two 

screen designs and subject biographic elements. 

Correlations by screen will allow detection of significant 

relationships. Shift performance (Shift), months of 

facility experience (Months), current review scores (Rev) 

and usage of a previous system (Count0) are presented as 

related to the dual screen experimentation. 
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Task times are presented in a layered order. First, the 

aggregate times over the four week period are presented in 

Tables 4.1 through 4.3. The mean times illustrate the 

general learning effects. Each screen design is then shown 

separately to illustrate the differences in learning for 

each design. 

Overall Recorded Averages for a Four Week Period 

(Week 1 average = AVGl through Week 4 average = AVG4) 

Variable N Mean Std Dev 

AVGl 65 6.9215088 1.2737576 
AVG2 64 5.4919046 1.1191953 
AVG3 59 5.4090400 1.0555198 
AVG4 62 5.5512360 1.0567541 

Table 4.1 

The table above represents the combined performance of 

the two screens; it is the basis by which the researcher 

made the decision that the overall learning effects of the 

screens were complete. Task time averages were examined at 

other intervals to detect whether any other factors 



55 

(outliers, errors) confounded the overall scores. An 

illustration of plots taken for subgroups of fifty 

transactions are in Appendix A, Figures 4.1 through 4.4. 

The aggregate statistics for each of the two screens 

are shown in Tables 4.2 and 4.3. At the end of the fourth 

week of experimentation, these summaries assisted in 

evaluation of the interface design. The researcher 

discussed the task performance with the two other observers 

and facility management; the decision to change-over the 

interface to the group screen was made at that time. 

SCREEN=1 (G) 

Variable N Mean Std Dev 

AVGl 
AVG2 
AVG3 
AVG4 

34 
35 
31 
37 

6.7913716 
5.0822930 
5.0850512 
5.2841722 

1.3180319 
0.9666781 
1.0757049 
1.0698461 

Table 4.2 Grouped Items Prompt Screen 
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SCREEN=2 (S) 

Variable N Mean Std Dev 

AVGl 31 7.0642399 1.2288494 
AVG2 29 5.9862634 1.1048939 
AVG3 28 5.7677419 0.9239238 
AVG4 25 5.9464904 0.9213066 

Table 4.3 Single Item Prompt Screen 

Learning effects between the two screens do not differ; 

the primary learning effects occurred during the first two 

weeks. An interesting observation that actually may account 

for the slight increase in week four for both screen 

designs is that the observers were present in the facility 

area less often during that week. Until that time, at least 

one observer was always available in the area to assist in 

the use of the system or to answer user questions. Use of 

the system during the fourth week may have been more casual 

without the observers present. 

Main effects analysis for task time was accomplished 

using a general linear modeling procedure. The linear model 

was selected in preference to the manova model due to the 
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treatment of missing values. The general anova model is not 

appropriate if the data sets are not balanced. Since 

subjects varied in frquency of use, each weekly average 

represented a different number of observations. A primary 

analysis of the aggregate main effect was modeled with a 

repeated measures analysis of variance. The repeated 

dependent variables are the average times for each subject 

for each of the four weeks of experimentation. Results are 

shown in Table 4.4. 

General Linear Models Procedure 
Repeated Measures Analysis of Variance 

Level Information 

Dependent Variable AVGl AVG2 AVG3 AVG4 

Level of TIME 12 3 4 

Repeated Measures Analysis of Variance 
Tests of Hypotheses for Between Subjects Effects 

Source DF Type III SS Mean Square F Value Pr > F 

SCREEN 1 20.4880830 20.4880830 7.10 0.01 

Error 47 135.7179770 2.8876165 

Table 4.4 Main Effects Summary 
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At the .01 level of significance, the two screens are 

significantly different. Fewer degrees of freedom than the 

overall number of subjects is due to the missing values for 

some of the subjects. 

For each individual week, a model was developed using 

the number of transactions per week per employee to weigh 

the average task time. (COUNTl - C0UNT4) This essentially 

provided a factor that covaried with task time and also 

accurately weighted the measured times. A frequency 

variable was not used due to inaccurate representation of 

the power of observations. Frequency artificially narrowed 

the variance by attributing multiple observations to an 

average score. The results for week 1 are shown in Table 

4.5 

General Linear Models Procedure 
Dependent Variable: AVGl 
Weight COUNTl 

Source DF 
Sum of Mean 
Squares Square F Value Pr > F 

Model 
Error 
Corrected 

1 215.1712624 215.1712624 5.08 0.05 
63 2670.9335590 42.3957708 
64 2886.1048214 

R-Square C.V Root MSE AVGl Mean 

0.074554 100.0471 6.511203 6.50813919 

Table 4.5 Week 1 Model 
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General Linear Models Procedure 
Dependent Variable: AVG2 
Weight; C0UNT2 

Source 

Model 
Error 
Corrected 

R-Square 

0.176889 

DF 

1 
62 
63 

Sum of Mean 
Squares Square 

871.1455779 
4053.6736218 
4924.8191998 

C.V. 

154.1018 

871.1455779 
65.3818326 

Root MSE 

8.085903 

F Value Pr > F 

13.32 0.01 

AVG2 Mean 

5.24711762 

Table 4.6 Week 2 Model 

During the first week, a significant difference, with a 

probability less than .05 was detected. The direction of 

the difference supported the group screen design. Even 

during the initial learning, the group screen design 

provides the base for users to perforin with lower task 

times. During the second two weeks, as shown in Tables 4.6 

and 4.7 the difference between the two groups spread. At a 

significance level of .01, the difference supports the 

hypothesis that the group screen design will allow 

substantially lower task times. In the final week of 
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experimentation/ week 4, the difference between the two 

groups decreased somewhat, but was still significantly 

different at the .01 level. 

General Linear Models Procedure 
Dependent Variable; AVG3 
Weight; COUNTS 

Source 

Model 
Error 
Corrected 

R-Square 

0.300734 

DF 

1 
57 
58 

Sum of Mean 
Squares Square 

1253.681805 
2915.058567 
4168.740372 

C.V. 

138.2935 

1253.681805 24.51 
51.141378 

F Value Pr > F 

0.01  

Root MSE 

7.151320 

AVG3 Mean 

5.17111629 

Table 4.7 Week 3 Model 

General Linear Models Procedure 
Dependent Variable: AVG4 
Weight; C0UNT4 

Source 

Model 
Error 
Corrected 

R-Square 

0.183730 

DF 

1 
60 
61 

Sum of Mean 
Squares Square F Value Pr > F 

759.2858572 
3373.3405515 
4132.6264088 

C.V. 

137.4670 

759.2858572 13.51 
56.2223425 

0.01 

Root MSE 

7.498156 

AVG4 Mean 

5.45451351 

Table 4.8 Week 4 Model 



61 

Entry Errors Analysis 

An important secondary dependent variable is the 

aggregated types of errors that could occur during the use 

of the system. The error totals are illustrated in Table 

4.9 as a summation of different entries that have been 

predetermined as errors. 

The two types of recorded errors are: 

1) A Task Time of greater than 1.7 minutes that would 

signal that an entry sequence was halted abnormally. 

2) A difference in order of entries or repeated entries 

that would signal that the user utilized the quit or backup 

feature to correct mistakes after entry. 

Errors were hypothesized to be more frequent with the 

single item screen due to fewer contextual cues with the 

entry prompting. There was a possibility that the 

relationship of errors to learning could change after 

initial familiarization and learning. Analysis conducted on 

the recorded errors did not yield a significant difference 

between groups. 
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Errors For Screen 1 

Week Errors Avg.Err Times Summary Avg.time 

Week 1 41 120521 
37 30.67 

Week 2 34 109683 

Week 3 17 65116 
23 42.04 

Week 4 29 128394 

Errors For Screen 2 

Week Errors Avg.Err Times Summary Avg.time 

Week 1 39 128001 
38 33.12 

Week 2 37 123687 

Week 3 17 64324 
19 37.71 

Week 4 21 79464 

Table 4.9 Error Summary 

The total error measured includes two totals; first, 

the number of sequences that were halted prior to 

completion, and second, the total for times in excess of 

three standard deviations. 
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Correlation Analysis 

The correlation between attribute variables and the 

primary dependent variable serves to confirm some intuitive 

understandings about the performance of the interface 

design. 

The first correlation verifies the relationship between 

the usage frequency (COUNTn) and the recorded task times. 

(AVGn) A significant negative correlation exists, and is 

illustrated graphically in Figure 4.5 for week 1 and 

summarized in Table 4.10 for all weeks. 

Plot of AVG1*C0UNT1. 
(NOTE: 10 missing. 

15 + 

Syiribol is value of SYM. 
20 hidden.) 

10 + 

AVGl 

5 + 

0 + 

G 
G G SS 
G GGGS 
S G G 

S S G 
SS GSG GG S 
SS SGSGG SG 

G SG G G G 
SG 

-+-
0 

—+-
50 100 150 

COUNTl 

Figure 4.5 Week 1 Frequency - Time plot 
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Pearson Correlation 
Coefficients / Prob > |R| under Ho: Rho=0 
/ Number of Observations / WEIGHT Var = FREQ 

AVGl AVG2 AVG3 AVG4 

COUNT1 -0.46690 -0.33807 -0.34675 -0.31484 
0.0001 0.0063 0.0071 0.0127 
65 64 59 62 

C0UNT2 -0.34355 -0.29332 -0.33858 -0.20890 
0.0051 0.0187 0.0087 0.1032 
65 64 59 62 

COUNTS -0.25395 -0.13807 -0.31548 -0.24594 
0.0412 0.2766 0.0149 0.0540 
65 64 59 62 

C0UNT4 -0.22767 -0.22696 -0.32067 -0.15963 
0.0682 0.0713 0.0133 0.2152 
65 64 59 62 

Table 4.10 Frequency to Time Correlation 

Task times between weeks was analyzed to detect 

differences between screen designs. A significant 

relationship does exist for both of the screen designs. An 

interesting observation is that the correlation for the 

group screen is more positive than for the single item 

screen. This is illustrated in Tables 4.11 and 4.12 on the 

following page. 



Pearson Correlation 
Coefficients / Prob > |R| under Ho: Rho=0 
/ Number of Observations / WEIGHT Var = FREQ 

AVGl AVG2 AVG3 AVG4 

AVGl 1.00000 
0.0 
34 

0.66694 
0.0001 
31 

0.71920 
0.0001 
30 

0.62091 
0.0002 
31 

AVG2 0.66694 
0.0001 
31 

1.00000 
0.0 
35 

0.74784 
0.0001 
29 

0.78055 
0.0001 
32 

AVG3 0.71920 
0.0001 
30 

0.74784 
0.0001 
29 

1.00000 
0.0 
31 

0.77193 
0.0001 
30 

AVG4 0.62091 
0.0002 
31 

0.78055 
0.0001 
32 

0.77193 
0.0001 
30 

1.00000 
0.0 
37 

Table 4.11 Group Screen Inter-week Correlation 

Pearson Correlation 
Coefficients / Prob > |R| under Ho: Rho=0 
/ Number of Observations / WEIGHT Var = FREQ 

AVGl AVG2 AVG3 AVG4 

AVGl 

AVG2 

AVG3 

AVG4 

1.00000 0.37251 0.29352 0.39943 
0.0 0.0609 0.1456 0.0531 
31 26 26 24 

0.37251 1.00000 0.64162 0.76110 
0.0609 0.0 0.0003 0.0001 
26 29 27 23 

0.29352 0.64162 1.00000 0.65041 
0.1456 0.0003 0.0 0.0006 
26 27 28 24 

0.39943 0.76110 0.65041 1.00000 
0.0531 0.0001 0.0006 0.0 
24 23 24 

Table 4.12 Single Item Screen Inter-week Correlation 
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Usage of a similar computer data entry system prior to 

system implementation was hypothesized to be a primary 

indicator of user performance. (COUNT) The paired matching 

was initialized with usage frequency of the prior system as 

a sort criteria. Additionally, other attribute variables, 

such as assigned shift (SHIFT), most recent review score 

(REV), and number of months of facility work (MONTHS) were 

relevant in the manufacturing environment. 

Pearson Correlation 
Coefficients / Prob > |R| under Ho: Rho=0 
/ Number of Observations / WEIGHT Var = FREQ 

AVGl 

AVG2 

AVG3 

AVG4 

SHIFT COUNT0 REV MONTHS 

0.11703 0.17514 0.12390 -0.01135 
0.5307 0.3218 0.4851 0.9492 
31 34 34 34 

-0.10431 -0.03952 0.36791 -0.09358 
0.5699 0.8217 0.0297 0.5928 
32 35 35 35 

-0.17283 0.05606 0.18480 -0.20274 
0.3611 0.7645 0.3196 0.2740 
30 31 31 31 

-0.21827 -0.15137 0.32346 -0.00072 
0.1943 0.3712 0.0508 0.9966 
37 37 37 37 

Table 4.13 Group Screen Attribute Variable Correlations 
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Pearson Correlation 
Coefficients / Prob > |R| under Ho: Rho=0 
/ Number of Oljservations / WEIGHT Var = FREQ 

SHIFT COUNT0 REV MONTHS 

AVGl -0.01085 -0.11287 -0.28138 -0.00291 
0.9599 0.5455 0.1252 0.9876 
24 31 31 31 

AVG2 -0.17309 0.05288 -0.02721 0.17250 
0.4296 0.7853 0.8886 0.3709 
23 29 29 29 

AVG3 -0.03263 0.16624 0.10424 0.00760 
0.8797 0.3979 0.5976 0.9694 
24 28 28 28 

AVG4 -0.32060 0.01570 0.06263 -0.06001 
0.1182 0.9406 0.7662 0.7757 
25 25 25 25 

Table 4.14 Single Item Attribute Variable Correlations 

No consistent patterns exists between attribute 

variables in relation to the two screen design. This does 

not support the hypothesis of multiple relevant attribute 

variables. In particular, previous system usage frequency 

(COUNT0) is not supported as an indicator of performance 

with the new system. 
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Presentation of user response differs in format from 

the preceding two subsections. The information was 

collected at the conclusion of the experiment to avoid 

biasing the actual measured times and errors. For this 

reason, only posttest results at the end of week four are 

discussed. 

As discussed in the methodology section, at the 

beginning of the fifth week, a sample of test area 

operators were interviewed informally on three general 

areas. 1) Overall interface and system use. This was to 

gauge the acceptance and attitude of the user. 2) The lot 

screens formatting. Actual satisfaction and ease of use 

were discussed. 3) The final question was whether the 

operator had seen any other screens and whether he 

preferred a single item screen or a group of items at one 

time. 

Coding of the interviews is presented in Table 4.15 

with the scores for each screen following. The current 

column indicates the screen used during experimentation and 

the coded response score. The second column is the score 

given to the other screen after being shown the alternate. 
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Response Coding 

Current Screen Knew about Experiment Other Screen 

Like 1 Yes 1 Like 1 
No Comment 0 No 0 No Comment 0 
Dislike -1 Dislike -1 

Screen Code 
Group screen GS 
Single item screen SS 

Table 4.15 Coding for the Satisfaction Interviews 

Group Item Prompt Screen Interview Results 

Emp # Current Other Screen Knew about Experiment 

1 GS 1 SS 0 0 
2 GS 1 SS -1 0 
3 GS 1 SS -1 1 
4 GS 1 SS 0 0 
5 GS 1 SS 0 0 
6 GS 1 SS 0 1 
7 GS 1 SS -1 0 
8 GS 1 SS -1 1 
9 GS 1 SS 0 0 
10 GS 1 SS 0 0 
11 GS 1 SS 0 0 
12 GS 0 SS 0 0 
13 GS 0 SS 0 0 
14 GS 0 SS 0 0 

n = 14 
Prefer GS = 11 Prefer Other SS = -4 Knew = 3 

Table 4.16 Group Screen Interview Results 
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Single Item Prompt Screen Interview Results 

Emp # Current Other Screen Knew about Experiment 

1 SS 1 GS 0 0 
2 SS 1 GS 1 0 
3 SS 1 GS 1 1 
4 SS 0 GS 1 0 
5 SS 0 GS 1 0 
6 SS 0 GS 0 0 
7 SS 0 GS 1 0 
8 SS -1 GS 1 1 
9 SS -1 GS 1 0 

n = 9 
Prefer SS = 1 Prefer Other 3S = 7 Knew = 2 

Table 4.17 Single Item Screen Interview Results 

Interviewed Employees : 23 

n = 9 SS: mean = .11 sd = .78 t ratio = 2. 23 
GS: mean = .78 sd = .44 

n = 14 SS: mean = -.29 sd = .47 t ratio = 6. 34 
GS: mean = .79 sd = .43 

Table 4.18 Summary Statistics for Satisfaction 

A t-test of the results presented in Table 4.18 The 

results indicate a significant result that all subjects, 

whether they had initially experienced the single item 

screen or the group prompt screen, preferred the group 

prompt screen (p > .01 ) 
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Many notable comments were collected during the 

informal interview sessions. The primary reason for dislike 

of the single item screen was that it seemed less 

responsive. This was due to subjects waiting for the prompt 

to return prior to typing the next entry. Type ahead was 

used less often with the single item screen. 

Two subjects mentioned that the group screen was easier 

to use when showing new people how to use the system. "It 

is easier to explain where you're at." 

Of the twenty three subjects that were interviewed, 

only five Tcnew that another screen design was in use. One 

subject (40751) had been shown during the second week by 

the researcher, but had been asked not to disclose the 

experiment to other subjects. Two other employees (41210 

and 40602) are assigned to assist in floor operations and 

had seen the other screen, but had not understood that it 

was part of an experiment. The other two subjects had seen 

the other screen, but didn't understand why they could 

never get the other one. 

Once the interviews were conducted and subjects knew 

that two screens were in use, requests to change were 

brought to two of the three members of the implementation 

team prior to management review. This was viewed as further 
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evidence of the satisfaction with the group prompt screen. 

Of the four areas of data analysis conducted, the 

primary finding of a significant difference between the two 

screen designs on a number of measured parameters supports 

the initial managerial decision to accept the group screen 

design as the better of the two designs. 

Statistical conclusion validity was a key design issue; 

a point by point evaluation of the individual elements 

considered prior to experimentation is contained in 

Appendix B. To summarize, analysis of variance at multiple 

time points replicated the observed behavior for each of 

the four weeks. Missing values were compensated for by 

using a weighing factor. Measurement reliability was also 

enhanced by repeated testing of subjects over time groups. 

This reduced the within subjects variance by using an 

average from a number of trials. 

Internal validity threats were explicated prior to 

experimentation. Changes in the production field setting of 

the experiment affect both groups. No confounding events 

were noted during the four week period. Learning, another 

possible threat to validity was the direct focus of a 

portion of the study; the interface was measured explicitly 

during the course of the experiment. Instrumentation 
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problems were reduced by the use of the computer to measure 

the primary dependent variables during task performance. In 

this way, the subjects were not aware of the measurement. 

Turnover of employees was random between the two groups. 

All test floor production employees participated by random 

assignment to one of the two treatments. Direction 

ambiguity is not a threat; the treatment was presented, 

then a response was recorded. 

The two treatment design eliminated many of the threats 

to internal validity through random assignment. Both screen 

designs were viewed as equal in desirability 

(undesirability) by the subjects in the study and 

discussion between subjects concerning the treatment was 

minimal. 

The overall results of the experimentation main effect 

findings support the concept that semantic complexity is an 

important factor in the design of human computer 

interfaces. A significant difference was noted for each of 

the four weeks of this field study. The findings will be 

explored in context with the current literature in the 

following chapter. 



CHAPTER 5 

CONCLUSION 

Summary 

External Validity Issues 

75 

81 

In conclusion, I present a summary of the preceding 

chapters. Research implications of the findings of this 

study as pertaining to human computer interface issues form 

a section in the discussion of results. Important 

managerial implications for semiconductor firms involved in 

a Computer Integrated Manufacturing implementation will be 

discussed as well as generalization of the findings to 

other industries. Where relevant, a discussion of how the 

research will generalize to other data collection 

applications is presented. 

74 
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Effective human computer interfaces can be attributed 

to a number of interrelated variables matched to the 

intended function. One individual element of the overall 

user interface has been the focus of this study. The focus 

tested the belief that the complexity of the prompt 

grouping assists the user in the formation of a task model. 

The results of this study support the hypothesis that 

grouping improves performance and shortens learning curves. 

Attention to the end-user's perceptions at this level 

assists in the systems design for manufacturing shop floor 

applications. In relation particularly to the recent 

development of Computer Integrated Manufacturing (CIM), 

there is a need for improving the human to computer link. 

This study addresses the costs due to labor data entry 

via the user interface, to establish a foundation for 

research in the development of standards or heuristics for 

designing this direct link. A need exists to define 

elements that significantly affect performance for data 

entry by production workers as a partial job requirement of 

regular work. 

Four interrelated factors exist for effective data 

entry of task related information; 1) the need to 
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minimize the cost of data entry, 2) the need to ensure the 

validity of information, 3) the need to establish user 

acceptance and satisfaction and 4) the need to minimize 

the learning curve of a new application. This study 

provides a significant answer for each. 

First, an important difference exists between task 

times for the two experimental screens. An approximate 

oversall difference of fifteen percent was demonstrated 

during the experimentation period. As discussed in Chapter 

One, for an average manufacturing facility of 500 

employees, this difference could result in a $75,000 

potential annual labor savings. 

Second, the study analyzed errors from two 

perspectives. The combined errors did not significantly 

differ between designs. One hypothesis that was unsupported 

by the results is that the group screen could promote 

increased errors if users type ahead of the system 

response. 

Third, users significantly preferred the group screen 

over the single item screen. Satisfaction with the 

interface may have reduced resistance to use the system. 

This links directly to the fourth objective of the 

interface, minimizing the overall learning time. 
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The research reviewed in this study examined general 

background on the use of data entry systems in the 

workplace and focused on the need to collect information as 

one function of job performance. Particular attention was 

devoted to research in screen design complexity and system 

end-user ability prior to design of this experiment. 

The element of screen design of direct concern in this 

research is the effect of item grouping on task 

performance. Once a base concept for presenting items on a 

data entry screen is supported by empirical evidence of 

superior performance, other elements of screen design could 

be tested incrementally. 

The underlying theory for differences in screen layout 

effectiveness is founded on human cognition. Studies in 

many areas demonstrate that humans differ in reactions to 

perceived events, patterns, and change. Multiple models 

have been proposed for evaluating interface design. These 

models include process models, models of cognitive 

structure, and events representation. Other parameters also 

affect performance differences; users may be differentiated 

on the basis of different schemes. The classification in 

any study depends primarily on the research question that 

is asked. Of particular interest in this study is the 

testing of semantic complexity. Are models formed by users 
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in examining the behavior of experimental subjects, a 

number of variables have been suggested by researchers for 

dependent variables. The primary direct variable in the 

user interface is task time performance. Construct validity 

relates the computer measured time interval between 

presentation of the screen image and the user return key 

response. If intervening variables exist, they affect both 

the experimental and control groups due to the random 

assignment. The measure is a direct performance measure 

that is useful not in the absolute sense, but as a 

comparison measure. The task time dependent variable 

measure is supported by a secondary direct variable, the 

tabulation of user errors. Both measures are an indicator 

of performance and of the overall consistency of user 

performance. 

Indirect measures for subjective preferences could have 

been collected via programmed screen prompts, through 

written surveys or through personal interviews. The 

interview method provides a less formal dependent variable 

measure. The method is appropriate to the accuracy of the 

collected information. Opinions were sought as a means to 

provide feedback from the users as to why they preferred 

one screen design over the other. The results from three 
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interviewers demonstrated that users significantly favored 

the group screen design. 

At the end of the fourth week, a decision was made to 

determine which design was more effective and to change all 

users to a single design. At the beginning of that week, 

time data were analyzed and a sample of test area operators 

were interviewed about the interface design. Based on the 

initial data analysis and the perceptual views of the 

subjects, the group screen design was selected and all 

employees began to use a single design. This process has 

important implications for management. By providing a 

foundation for examining effects, the system development 

team has a tool for presenting measurable results. Without 

information to support management, decisions may be 

inadequate. 

I had hypothesized a significant interaction between 

the two screen designs and subject skill level, a 

relationship that would shift during learning. The grouped 

screen design was hypothesized to reduce task time during 

later time groups for all skill levels. The single item 

screen design was hypothesized to be easier during early 

time groups. A repeated measures analysis confirmed the 

difference between the two screen designs. Individual 

weekly analysis of variance using a general linear model 
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with a weighing factor of usage trials highlighted the 

change over time. Actual results support the hypothesis of 

a significant main effect between the group screen and the 

single item prompt screen. This effect was more pronounced 

in the last two weeks of the study. 

Three attribute variables were analyzed to determine 

their relationship with the primary dependent variable. 

Correlations were plotted between work experience, review 

score and prior system usage. A slight relationship exists 

between experience and task time. No correlation exists 

between review score and task time. Usage of a similar 

computer data entry system prior to system implementation 

was hypothesized to be a primary indicator of user 

performance. This hypothesis is not supported by a 

correlation between previous system frequency and current 

system task time. 

Aggregated errors that occurred during the use of the 

system were not significantly different between the two 

screen designs. Errors were initially hypothesized to be 

more frequent with the single item screen due to fewer 

contextual cues during entry prompting. 

A t-test of the user satisfaction scores confirmed that 

subjects preferred the group prompt screen. The primary 
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reason for dislike of the single item screen was that it 

seemed less responsive. Type ahead was used less often with 

the single item screen. Two subjects mentioned that the 

group screen was easier to use when showing new people how 

to use the system. This contradicts the hypothesis that 

the single item prompt will be easier to learn. 

Of the twenty three subjects that were interviewed, 

only five knew that another screen design was in use. This 

indicates that subjects did not compare and discuss screen 

formats, which could have been a possible source of bias. 

Other sources of threats to internal validity were reduced 

by implementing a random assignment posttest only design. 

External Validity 

External validity issues were considered at the 

inception of this study. The intent was to provide results 

that will generalize across target settings directly to 

other semiconductor firms implementing advanced shop floor 

control systems. Generalizability to other industries 

depend upon three factors: the tasks performed, the work 

environment, and the technology level of the firm. 

Generalization across individuals will depend upon 
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individual skill level, hiring policy and experience. 

The overall generalizability may be reduced over time 

due to the rapidly developing technology. Since, however, 

the main design element being tested is fundamental to most 

human computer interfaces, generalizability across time may 

be strengthened relative to research linked to specific 

hardware or software components. 

Applicability to other data entry applications or to 

general purpose computer systems will vary. This research 

provides information based on one variable for overall 

screen design. The environment selected does not directly 

support or disprove general applicability. A direct 

implication to researchers is that a set of heuristic 

design guidelines for the development of human computer 

interfaces could be derived from similar experiments on 

other screen design variables in field settings. A set of 

consistently performed studies could be aggregated through 

meta-analysis to support or disprove fundamental design 

elements value. 

Implications of this single study are directly 

applicable to system designers and project managers in 

manufacturing since results were derived from true 

experimentation in a field setting. It is apparent that a 
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significant advantage exists to design custom applications 

that use a grouping strategy when presenting data entry-

prompts. Since very little differential effort is necessary 

to implement grouped rather than single item prompts, the 

benefits are readily apparent. 

In conclusion, a single variable believed to have an 

effect on user performance was tested. Since the formation 

of mental models assist users in performing a set of tasks, 

screen image prompts at different levels of semantic 

complexity could significantly affect performance. Results 

of the four week field study demonstrate that grouping 

strategy is an important variable in the design of a human 

computer interface. It has been demonstrated that using a 

grouped item strategy for presenting prompts is 

significantly better than presenting prompts one at a time. 
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Baseline Power Calculations 

Average time for one session of 7 tasks = 62 seconds 

Task Type mean SD sample 

1) Start Transaction: 6 14 296 
2) Which System; 8 8 298 
3) Which Station: 8 15 298 
4) What Request: 5 2 300 
5) What Equipment: 7 5 296 
6) What Problem: 14 14 296 
7) Verify Entry: 7 23 274 

xbar = 8.8 Initial Power Calculations 
SD =9.7 
2.4 = .25 ===> [.25/(root2/root(n-l)) = 3] 
ES =2.4 9.7 
Alpha= .05 
Beta = .10 ===> (n-1) = 96 ===> n = 97 

xbar = 8.8 Modified Power Calculations 
SD = 4.8 
2.4 = .50 ===> C.50/(root2/root(n-l)) = 3] 
ES = 2.4 4.8 
Alpha= .05 
Beta = .10 ===> (n-1) = 24 ===> n = 25 

Table 3.1 Power Calculations 



C C C 
0 0 0 
U U U 

0 E N N N 
B M T T T 
S P 1 2 3 

1 4666 69 105 39 
2 4670 33 40 20 
3 4695 5 0 0 
4 4718 0 78 126 
5 4763 20 0 4 
6 4821 45 82 106 
7 4823 32 64 56 
8 4828 0 0 0 
9 4845 16 5 0 
10 5063 76 118 87 
11 5092 0 25 0 
12 5284 25 24 62 

C 
0 

A A U 
V V N 
G G T 
3 4 0 

5. 67769 6. 08159 113 
6. 79350 • 46 
• • 5 

6. 92421 7. 08520 140 
4. 84250 6. 90400 16 
4. 66057 4. 35800 90 
4. 50143 4. 93800 65 
• 4. 25333 32 
• • 73 

3. 26885 3. 73720 104 
• 5. 25722 34 

4. 93000 5. 15633 71 

A A 
V V 
G G 
1 2 

3759 5 .46629 
5445 6 .78325 
6120 • 

8 .65769 
9545 • 

7282 4 .65439 
5587 4 .68328 

5131 5 
• 

.11600 
9311 3 .40636 

5 .88920 
8356 5 .84167 

s 
c 

F R 
R R E S 
E £ E y 
V Q N M 

8 301 2 S 
8 93 2 s 
6 5 2 s 
8 279 2 s 
8 39 2 s 
7 288 2 s 
8 222 1 G 
5 9 1 G 
8 21 1 G 
7 374 1 G 
7 43 1 G 
5 190 1 G 

c 
o 
u 
N 
T 
4 

88 6 
0 8 
0 11 
75 
15 7 
55 6 
70 5 
9 
0 6 
93 4 
18 
79 6 

M 
S O 
H N 
I T 
F H 
T S 

2 103 
. 103 
.  26 
2 100 
3 99 
3 97 
3 96 
1 96 
. 96 
1 83 
2 82 
1 66 

Table 4.19 Data Summary Table 
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Group Screen Image (G) 

(Experimental screen design for group tasks 
presentation. This is an example of the concept that 
would be used in the logically grouped presentation 
format.) 

INFORMATION TRACKING SYSTEM 

Equipment 

Item a: 
Item b: 
Item c; 
Item d: 
Item e: 

Product information 

Item f: 
Item g; 
Item h: 

Option1 = 
Instructions: Choose the number Option2 = 
that matches the entry in the Options = 
highlighted area. Press return Option4 = 
after you have selected the Options = 
correct option. Options = 

Option? = 

Notes: 

Each item will require a one key numeric selection 
that corresponds to an option. Options change after 
each selection to the new selection set. 

A highlighted area will move sequentially to the next 
item after the return key is pressed. 

Figure 3.5 Group Screen Design Image 



Single Item Screen (S2) 

(Experimental screen design for single task 
presentation. This screen design minimizes 
organization of the information.) 

INFORMATION TRACKING SYSTEM 

Item a: 

Instructions; Choose the number 
that matches the entry in the 
highlighted area. Press return 
when you have selected correctly. 

Option1 
Option2 
Options 
Option4 
Options 
Option6 
Option? 

Notes: 

Each item will require a one key numeric selection 
that corresponds to an option. Options change after 
each selection to the new selection set. 

Each new item will be presented sequentially and will 
displace the on screen item after the return key is 
pressed. 

Figure 3.6 Single Item Screen Design Image 
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Plot of AVG2*EMP. Symbol is value of SYM. 
(NOTE: 11 obs had missing values. 9 obs hidden. 
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Plot of AVG3*EMP. Symbol is value of SYM. 
(NOTE: 16 obs had missing values. 7 obs hidden.) 
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8 + 

6 + 

AVG4 

4 + 

Plot of AVG4*EMP. Symbol is value of SYM. 
(NOTE: 13 obs had missing values. 6 obs hidden.) 
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