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The purpose of this research was to determine if per-

sonality type and system response time have any effect on 

state anxiety and user response time. 

The sample for this study consisted of senior and 

graduate level college students who possessed basic know 1 

edge of a text editor. Each test subject was administered 

the Jenkins Activity Survey to determine scores for Type A 

versus Type B, speed and impatience, involvement, and com-

petitiveness. 

The test subjects were randomly assigned to one of 

three treatment groups (good, variable, and poor system 

response time). They were required to edit a text file 

which contained multiple errors. The test subjects were 

provided hard copies of the file with errors (errors high-

lighted) and the file as should appear without the errors. 

The test situation for each test subject was identical, 

except for changes in system response time. 

The A-state scale of the State-Trait Anxiety Inventory 

(STAI) was administered to the test subjects immediately 



prior to the edit task in order to determine pre-task state 

anxiety levels. The A-state scale of the STAI was again 

administered immediately after the edit task in order to 

determine post-task state anxiety levels. 

Analysis of variance, analysis of covariance, regres-

sion, and two sample t-tests were used to analyze the data 

collected. All hypotheses were tested at the alpha .05 

level. 

The most significant finding of this study was the 

positive relationship between state anxiety and system re-

sponse time. It was originally predicted that the Type A 

personality would experience a greater increase in state 

anxiety than the Type B personality. However, that was not 

found to be true. Both Type A and Type B individuals expe-

rience an increase in state anxiety during periods of poor 

or variable system response time. 

This study also confirms prior research regarding user 

and system response time. There is a significant positive 

relationship between user response time and system response 

time. Personality type, specifically the Type A personali-

ty, contributes toward this relationship. 
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CHAPTER I 

INTRODUCTION 

Problem Statement 

Until recently, two factors tended to emphasize the 

importance of computer system performance rather than user 

performance: (a) high hardware costs and (b) lack of human 

factors consideration of the human-computer interface (13). 

The initial fascination with the computer has worn off, and 

users are gradually becoming more demanding of the quality 

of the computer services received (9). In addition, labor 

costs are becoming substantially greater (13, 20, 17, 6, 18, 

19). Computerized tasks which impede user productivity can 

increase labor costs by extending the period of time to 

complete the task. This often produces anxiety which in 

turn may lead to reduced productivity. 

It is hypothesized that when users are faced with poor 

or inconsistent system response time, they become anxious 

and less productive. It is further conjectured that this 

problem is compounded by the personality type of the user. 

Some individuals may become highly impatient and anxious 

during periods of prolonged or inconsistent system response 

time, while other individuals may exhibit little or no 

impatience or anxiety. 



Purpose of Research 

This study is concerned with personality type and sys-

tem response time, one of the primary descriptors of system 

performance (13, 16, 2, 5, 18, 11, 1), and their effects on 

state anxiety and user response time. 

The term anxiety is used "to denote a complex reaction 

or response - a transitory state or condition of the organ-

ism that varies in intensity and fluctuates over time (15, 

p. 137)." It also refers to a relatively stable personality 

trait. State anxiety is equated with feelings of tension, 

nervousness, and apprehension which fluctuate over time, 

whereas trait anxiety is equated with fear or threat to 

one's self-esteem (15). This study is concerned only with 

state anxiety. 

Response time is divided into two major time periods: 

(a) user response time and (b) system response time. User 

response time (URT) is the time period between the user's 

reception of a complete reply to a command and input (by 

pressing the ENTER key) for the next command. System re-

sponse time (SRT) is the time period between the user's 

issuance of a command (by pressing the ENTER key) and the 

arrival of the computer's response to that command. System 

response time varies according to the current number of 

active users, the amount of CPU time required of the tasks 

performed by these users, and the hardware configuration of 

the system (21). 



System response time can be further divided into compu-

ter response time and communication time. Computer response 

time is the time actual ly spent by the computer to process a 

command, whereas communication time is the time expended 

transmitting communications between the user and the compu-

ter (10). 

The combination of user response time and its associate 

system response time, as shown in Figure 1, comprises one 

transaction process time. A transaction is the fundamental 

work unit for users of interactive systems (10). 

System 
Command Response Command 
Entry 
1 

Displayed 
1 

Entry 
1 

< — URT — > < — SRT — > < — URT — > 

| < — Transaction Time - > | 1 

Fig. 1—Components of transaction time 

One personality typology that may be sensitive to 

changes in system response time is that described by Fried-

man and Rosenman in 1957 as Type A and Type B personalities. 

The Type A personality is "composed primarily of competi-

tiveness, excessive drive, and an enhanced sense of time 

urgency (14, p. 15)." The Type B behavior pattern is 



defined as the relative absence of the Type A characteris-

tics. It is expected that the Type A personality becomes 

more time urgent and impatient when system response time is 

prolonged. 

Type A personalities have a high risk factor for coro-

nary heart disease (12). Friedman and Rosenman (8) state 

that coronary heart disease rarely occurs in Type B indivi-

duals under the age of seventy, regardless of eating and 

smoking habits. But, it can easily occur in Type A indivi-

duals in their thirties or forties. Until recently, the 

Type A personality and coronary heart disease were far more 

prevalent in the American male, than in the American female. 

This is attributed to the fact that men were more involved 

in activities which nourish the development of Type A behav-

ior. American women are also suffering from a greater 

incidence of Type A behavior and coronary heart disease. 

This increase is attributed to entering the business commu-

nity and experiencing the competition, deadlines, and hos-

tilities. Friedman and Rosenman "are convinced that the 

spread of Type A behavior explains why death by heart dis-

ease . . . is increasingly common among younger people (8, 

p. ii)." It is possible for Type A individuals to change 

their behavior patterns to Type B. This modification is 

partly accomplished by overcoming the sense of time urgency. 



In summary, the purpose of this research is to deter-

mine if personality type and system response time have any 

effect on state anxiety and user response time. 

Hypotheses 

To accomplish the purpose of this study, twenty hypo-

theses are formally stated and classified into seven groups. 

A brief explanation precedes each group of null and alterna-

tive hypotheses. 

State Anxiety and System Response Time 

No known studies have been performed regarding state 

anxiety and system response time. It is expected that one's 

state anxiety level is higher during periods of prolonged 

system response time. 

Hoi: There is no significant positive relationship 

between state anxiety and system response time. 

Hal: There is a significant positive relationship 

between state anxiety and system response time. 

State Anxiety and Personality Type 

In a prior study, Francis (7) found a significant 

difference between state anxiety (based on scores on the A-

state scale of the State-Trait Anxiety Inventory (STAI)) and 

Type A and B personality types. Francis also indicated a 

significant difference between state anxiety and speed and 

impatience, one of the subscales of the Jenkins Activity 



Survey (JAS). No significant difference was found between 

state anxiety and the other two subscales, involvement and 

competitiveness. The JAS and the A-State scale of the STAI 

are used in this study to determine personality type and 

state anxiety level. Therefore, it is expected that Fran-

cis' results will be replicated in this study. 

Ho2: There is no significant difference in the state 

anxiety of Type A and Type B individuals. 

Ha2: There is a significant difference in the state 

anxiety of Type A and Type B individuals. 

Ho3: There is no significant difference in the state 

anxiety of individuals with speed and impatience 

scores above the mean and those with speed and 

impatience scores below the mean. 

Ha3: There is a significant difference in the state 

anxiety of individuals with speed and impatience 

scores above the mean and those with speed and 

impatience scores below the mean. 

Ho4: There is no significant difference in the state 

anxietyof individuals with involvement score 

above the mean and those with involvement scores 

below the mean. 

Ha4: There is a significant difference in the state 

anxiety of individuals with involvement scores 



above the mean and those with involvement 

scores below the mean. 

Ho5: There is no significant difference in the state 

anxiety of individuals with competitiveness 

scores above the mean and those with competi-

tiveness scores below the mean. 

Ha5: There is a significant difference in the state 

anxiety of individuals with competitiveness 

scores above the mean and those with competi-

tiveness scores below the mean. 

State Anxiety, System Response Time, 
and Personality Type 

No known studies have been performed regarding state 

anxiety, system response time, and personality type. How-

ever, since the Type A personality is associated with "an 

enhanced sense of time urgency (14, p. 15)", it is expected 

that, at a given system response time, state anxiety of 

individuals possessing the Type A behavior pattern will be 

greater than that of Type B individuals. 

Ho6: For a given system response time, state anxiety 

of Type A individuals is less than or equal to 

the state anxiety of Type B individuals. 

Ha6: For a given system response time, state anxiety 

of Type A individuals is greater than the state 

anxiety of Type B individuals. 
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Ho7: For a given system response time, state anxiety 

of individuals with speed and impatience scores 

above the mean is less than or equal to the state 

anxiety of those with speed and impatience scores 

below the mean. 

Ha7: For a given system response time, state anxiety 

of individuals with speed and impatience scores 

above the mean is greater then the state anxiety 

of those with speed and impatience scores below 

the mean. 

Ho8: For a given system response time, state anxiety 

of individuals with involvement scores above the 

mean is less than or equal to the state anxiety 

of those with involvement scores below the mean. 

Ha8: For a given system response time, state anxiety 

of individuals with involvement scores above the 

mean is greater than the state anxiety of those 

with involvement scores below the mean. 

Ho9: For a given system response time, state anxiety 

of individuals with competitiveness scores above 

the mean is less than or equal to the state 

anxiety of those with competitiveness scores 

below the mean. 

Ha9: For a given system response time, state anxiety 

of individuals with competitiveness scores above 



the mean is greater that the state anxiety of 

those with competitiveness scores below the mean. 

User Response Time and System Response Time 

Boies (3) has shown a strong correlation between user 

response time and system response time. As SRT increases, 

URT also increases. It is expected that Boies' results will 

be replicated. 

HolO: There is no significant positive relationship 

between user response time and system response 

time. 

HalO: There is a significant positive relationship 

between user response time and system response 

time. 

User Response Time and Personality Type 

No known studies have been performed regarding user 

response time and personality type. However, since the Type 

A personality is associated with impatience and competition, 

it is expected that the user response time of the Type A 

personality will be less than that of Type B individuals. 

Holl: The user response time of Type A individuals is 

greater than or equal to the user response time 

of Type B individuals. 
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Hall: The user response time of Type A individuals is 

less than the user response time of Type B 

individuals. 

Hol2: The user response time of individuals who score 

above the mean in speed and impatience is 

greater than or equal to the user response time 

of those with speed and impatience scores below 

the mean. 

Hal2: The user response time of individuals who score 

above the mean in speed and impatience is less 

than the user response time of those with 

speed and impatience scores below the mean. 

Hol3: The user response time of individuals who score 

above the mean in involvement is greater than 

or equal to the user response time of those 

with involvement scores below the mean. 

Hal3: The user response time of individuals who score 

above the mean in involvement is less than the 

user response time of those with involvement 

scores below the mean. 

Hol4: The user response time of individuals who score 

above the mean in competitiveness is greater 

than or equal to the user response time of those 

with competitiveness scores below the mean. 
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Hal4: The user response time of individuals who score 

above the mean in competitiveness is less than 

the user response time of those with competi-

tiveness scores below the mean. 

User Response Time, System Response Time, 

and Personality Type 

No known studies have been performed regarding user 

response time, system response time, and personality type. 

However, since the Type A personality is associated with 

impatience, competitiveness and excessive drive, it is ex-

pected that, at a given system response time, user response 

time of individuals possessing the Type A behavior pattern 

will be less than that of Type B individuals. 

Hol5: For a given system response time, user response 

time of Type A individuals is greater than or 

equal to the user response time of Type B indi-

viduals . 

Hal5: For a given system response time, user response 

time of Type A individuals is less than the 

user response time of Type B individuals. 

H0I6: For a given system response time, user response 

time of individuals with speed and impatience 
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scores above the mean is greater than or equal 

to the user response time of those with speed 

and impatience scores below the mean. 

Hal6: For a given system response time, user response 

time of individuals with speed and impatience 

scores above the mean is less than the user 

response time of those with speed and impatience 

scores below the mean. 

Hol7: For a given system response time, user response 

time of individuals with involvement scores 

above the mean is greater than or equal to the 

user response time of those with involvement 

scores below the mean. 

Hal7: For a given system response time, user response 

time of individuals with involvement scores 

above the mean is less than the user response 

time of those with involvement scores below the 

mean. 

H0I8: For a given system response time, user response 

time of individuals with competitiveness scores 

above the mean is greater than or equal to the 

user response time of those with competitiveness 

scores below the mean. 
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Hal8: For a given system response time, user response 

time of individuals with competitiveness scores 

above the mean is less than the user response 

time of those with competitiveness scores below 

the mean. 

System Response Time Variability 

No known studies have been performed regarding the 

relationship between levels of system response time (fast, 

slow and variable) and state anxiety or user response time. 

It is expected that there is a significant difference in 

state anxiety among the levels of system response time 

(fast, slow, and variable). It is also expected that there 

is a significant difference in user response time among the 

levels of system response time. Interaction among person-

ality type and system response time will also be tested. 

Hol9: There is no significant difference in state 

anxiety among the levels of system response time 

(fast, slow, and variable). 

Hal9: There is a significant difference in state 

anxiety among the levels of system response time 

(fast, slow, and variable). 

Ho20: There is no significant difference in user re-

sponse time among the levels of system response 

time (fast, slow, and variable). 
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Ha20: There is a significant difference in user re-

sponse time among the levels of system response 

time (fast, slow, and variable). 
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CHAPTER II 

LITERATURE REVIEW 

Prior related research is classified into one of five 

areas: (1) personality type and time urgency, (2) personali-

ty type and anxiety, (3) system response time and time 

urgency, (4) system response time and user productivity, and 

(5) system response time variability. A summary of each 

research area and its relationship to this study is pro-

vided . 

Personality Type and Time Urgency 

Glass et. al. (12) conducted two experiments on time 

urgency. In both experiments, test subjects were classified 

as either Type A or Type B, based on their scores on the 

student version of the Jenkins Activity Scale for Health 

Prediction (JAS). In the first experiment, test subjects 

were asked to estimate the passage of time. As an incen-

tive, they were rewarded 2 cents for each correct response, 

but penalized 2 cents for each incorrect response. The 

researchers found that Type A individuals did not perform as 

well as Type B's, primarily because they responded too 

quickly. In the second experiment, the researchers found 

that persons possessing a Type A personality who were deli-

berately slowed in completing joint decision-making tasks, 

17 
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exhibited a greater increase in impatience, and irritation 

than those Type A personalities in the control group. 

Burnam et„ al. (5) classified 62 college students as 

either Type A or Type B, based on their scores on the stu-

dent version of the JAS. In order to determine behavioral 

consequences of persons possessing coronary-prone behavior 

patterns, each subject was asked to estimate when one minute 

of time had passed. The researchers found that Type A indi-

viduals over-estimate the passage of time, whereas Type B 

individuals under-estimate the actual amount of time passed. 

The mean estimation of one minute for Type A's was 52.6 

seconds, whereas the mean estimation of one minute for Type 

B's was 75.0 seconds. The researchers stated that this is 

indicative of the impatient nature of Type A personalities. 

These same test subjects were also asked to solve 240 

simple arithmetic problems (e.g. 5 + 4 - 7 ) . All subjects 

were told that their progress would be timed, but half of 

them were also told that they had 5 minutes in which to 

complete as many problems as possible. Type A individuals 

completed more problems than Type B's under the "no-

deadline" condition, but there was no statistical difference 

between Type A and Type B individuals under the "deadline" 

condition. In reference to this result, the authors state: 

This result underscores the importance of descri-
bing the A-B dimension in terms of an interaction 
between predispositions and eliciting situations. 
Type Bs will, under some circumstances, behave 
like Type As insofar as they accelerate the pace 
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of their activities and increase efforts at mas-
tering the environment. The notion of Bs behaving 
like As in certain situations may have profound 
implications for understanding life in contempo-
rary Western societies. For it is precisely these 
cultures which encourage the prevalence of the 
Type A pattern (and, perhaps, coronary heart di-
sease as well) by rewarding those who can think, 
perform, and communicate more rapidly than their 
peers (5, p. 7 9). 

Based on the above results, it is expected that the 

Type A personality will be more sensitive to prolonged or 

inconsistent system response times. In addition, it is 

expected that the mean user response time of individuals 

with high scores on the speed and impatience subscale of the 

JAS will be lower than that of individuals with low scores 

on the speed and impatience subscale. 

Personality Type and Anxiety 

Francis (11) studied the relationships between anxie-

ty, hostility, and depression on Type A and B personalities. 

The test subjects were 52 emotionally stable college stu-

dents. The JAS was used to classify the test subjects as 

either Type A or Type B individuals. The STAI and the 

Multiple Affect Adjective Check List (MAACL) were used to 

evaluate anxiety, hostility, and depression. The results 

showed that Type A and B students did not possess different 

trait parameters of anxiety, hostility, and depression. 

However, the results of the MAACL and the A-state scale of 
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the STAI showed that state anxiety, hostility, and depres-

sion of Type A students was significantly higher than that 

of Type B students. Of the three subscale scores of the JAS 

(speed and impatience, involvement, and competitiveness) 

only speed and impatience was significant. 

In the proposed study, the A-state scale of the STAI 

will be used to evaluate state anxiety. Therefore, it is 

expected that a significant difference will be found between 

state anxiety and personality type. In addition, because of 

the time urgency associated with the Type A personality, it 

is expected that the state anxiety of Type A individuals 

will be greater than that of Type B individuals during 

prolonged or inconsistent system response periods. 

System Response Time and Time Urgency 

Williams (20) studied the tolerance of twenty four 

clerk typists performing data entry and retrieval tasks at a 

system response time of 2, 4, or 8 seconds. The subjects 

were told that system response time was based on a serial 

queue, but that they could get immediate response from the 

system by striking the "attention" key. The subjects were 

encouraged to preempt the system whenever they felt the 

delay was excessive. 

Twelve of the test subjects were instructed to be more 

concerned with accuracy than the length of time required to 

complete the tasks. The remaining twelve subjects were 
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instructed to perform the tasks as quickly as possible. 

The subjects tolerated the two second delay 98.6% of 

the time, the four second delay 82.6% of the time, and the 

eight second delay only 17.1% of the time. There was no 

significant difference in delay tolerance between the speed 

versus accuracy groups. An interesting sideline of this 

study is that the average delay of the four second trials 

was 3.5 seconds, whereas the average delay of the eight 

second trials was only 2.27 seconds. 

It should also be noted that there was a large differ-

ence in subject.tolerance within the same delay period. For 

example, one subject produced 83% of the priority entries in 

the two second delay group, and two subjects were responsi-

ble for 88% of the priority entries in the four second delay 

group. In the eight second delay group, one subject rarely 

struck the "attention" key. Williams noted these differ-

ences, but could not explain them. 

Youmans (22) also studied the tolerance of clerks per-

forming data entry and retrieval tasks. In his study, five 

subjects performed a variety of tasks for four sessions 

each. The test subjects were allowed to reduce the system 

response time by one eighth by pressing a red function key. 

Youmans noted that most test subjects tolerated longer de-

lays during the initial session than during later sessions. 

One test subject used the red button almost immediately. 
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Very little can be concluded about this experiment. 

Data was collected over twenty sessions, but the results of 

three full sessions and parts of three other sessions were 

lost. This study needs to be replicated, using more test 

subjects and tighter controls. 

Farivari and Levy (10) studied the relationship be-

tween system response time and user patience while playing 

tic-tac-toe against a computer. Thirty test subjects were 

placed into one of five treatment groups. Four of the 

treatment groups were exposed to a system response time 

delay of 1, 2, 4, or 8 seconds, while the fifth treatment 

group was exposed to a random delay consisting of 1, 2, 4, 

or 8 seconds. Instructions on the terminal screen informed 

the test subjects to retype their answer if they did not 

believe the computer received their last response. Each 

test subject played two games of tic-tac-toe. The first 

game was considered a "conditioning" game, whereby the test 

subject became accustomed to the system response time. 

During the second game, the machine stopped responding after 

the test subject's third move was entered. At this point, 

the authors measured the amount of time each test subject 

was willing to wait before retyping their last response. 

The results showed that the test subjects were willing to 

wait approximately seven to nine times the initial delay 

before taking any action. However, some of the test sub-

jects attributed this delay to the system's inability to 
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decide which move to make. Therefore, these results should 

be limited to similar situations. 

As shown in these last three studies, large individual 

differences exist between subjects' tolerance of system 

response times. Based on the time urgency of the Type A 

individual, it is expected that the majority of the indivi-

duals which preempted the system were Type A, whereas the 

majority of individuals which rarely preempted the system 

were Type B. 

System Response Time and User Productivity 

Boies (4) employed the System Internal Performance 

Evaluator (SIPE) to measure system and user response times 

on an IBM System/360 Time Sharing System (TSS/360). He 

concluded that there is a strong correlation between system 

response time (SRT) and user response time (URT). As SRT 

increases, URT also increases. This suggests that for each 

second that the system slows down its response time, an 

additional second is added to the user's response time. 

Boies defined URT as "the time between the system's prompt-

ing of the user to enter the next command {by unlocking the 

keyboard) and the user's depressing the carriage return (4, 

p. 3)." The problem with this measurement is that it in-

cludes idle time and time spent away from the terminal. 

Therefore, individuals who completed a task, but did not 
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disconnect from the system had longer URT's than those who 

disconnected immediately upon completion. 

Grossberg, Wiesen, and Yntema (14) studied the effects 

of complex problem solving during delayed system responses. 

Response time was defined as the time between the issuance 

of a command and the beginning of output. Response time was 

relatively constant, with each test subject receiving a mean 

delay of 1, 4, 16, or 64 seconds. The results of this study 

showed no significant difference in the total time reguired 

to complete the task. In addition, the number of improper 

commands decreased as response time increased. The authors 

attributed this to the test subjects becoming more cautious 

and deliberate to avoid the long delays. However, the 

validity of this study must be guestioned. First, the study 

consisted of only four test subjects, which is too small a 

sample size. Second, the test subjects were also the de-

signers. Although performance on tasks designed by the 

given test subject was ignored, the subjects were too fami-

liar with the desired outcome of the results. This study 

needs to be replicated to determine if the same results are 

achieved with more test subjects. 

Doherty and Kelisky (8) discussed the influence that 

system response time has on human behavior. They state: 

This phenomenon seems to be related to an indivi-
dual's attention span. The traditional model of a 
person thinking after each system response appears 
to be inaccurate. Instead, people seem to have a 
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sequence of actions in mind, contained in a short-
term mental memory buffer. Increases in SRT seem 
to disrupt the thought processes, and this may 
result in the subject having to rethink these 
sequences of actions to be continued (8, p. 154) . 

Doherty and Kelisky also pointed out that user produc-

tivity slows down during long system response times, and 

people become emotionally upset and tend to make more 

mistakes because of this. However, Doherty and Kelisky per-

formed no empirical research to back up their statements. 

Barber (1) studied the impact of system response 

time on operator productivity and job satisfaction. Opera-

tor productivity was defined as the total transactions per 

active terminal per day minus the total transactions re-

jected (errors) per active terminal per day. A modified 

version of the Job Descriptive Index (JDI) was used to 

measure job satisfaction. Barber concluded that all trans-

actions should be completed within 12 seconds in order to 

remain productive. He also concluded that there was no 

significant relationship between productivity and system 

response time when the average system response time was less 

than six seconds. However, the system response time of the 

interactive system employed in this study was never less 

than 4 seconds. Barber also found a "U" shaped relationship 

between total errors and system response time. The lowest 

total errors was seen at approximately 12 seconds system 

response time. Total errors increased both above and below 
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the 12 second range. Barber obtained mixed results when he 

analyzed the relationship between job satisfaction and sys-

tem response time. Some categories indicated a decrease in 

job satisfaction as system response time increased, while 

others demonstrated improvement. The categories indicating 

improvement mainly dealt with interpersonal relationships. 

Since Barber did not determine the productivity of indivi-

dual operators, he was unable to determine any relationship 

between operator productivity and job satisfaction. The 

results of this same study were also later reported by 

Barber and Lucas (2). 

Weinberg (21) evaluated the impact of system response 

time on student attitude and learning effectiveness. One 

hundred and twenty students performed two computer-based 

instruction tasks, working at a system response time of 

either .25 or 1.3 seconds. The dependent variables tested 

included task completion time, number of subjects completing 

the task within a given time period, performance (determined 

by the mean number of errors and mean number of correct 

answers on the first try), and attitude (based on the re-

sults of an in-house questionnaire designed at Computer Data 

Corporation). Task completion time was significantly de-

creased at a system response time of .25 seconds. The test 

subjects also had a more favorable attitude at the shorter 

system response time. However, the test subjects made fewer 

errors at a system response time of 1.3 seconds. This was 
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attributed to the test subjects working more carefully dur-

ing longer system response times. 

Dunsmore (9) hypothesized that maximum productivity 

and satisfaction would be obtained when the system response 

time was proportional to the user's expectations. Based on 

this hypothesis, he conducted an experiment using twelve 

students with minimal computing experience as test subjects. 

Each test subject was asked to classify three computer-based 

tasks according to complexity and the amount of time 

required to complete each task. Five applications of each 

task were performed on three versions of an interactive 

system. The proportional system performed each task at a 

system response time proportional to the test subjects' 

expectations. The constant system performed each task at a 

mean system response time of the three tasks. The inversely 

proportional system performed each task at a system response 

time inversely proportional to the test subject's expecta-

tions. 

Dunsmore expected maximum productivity and satisfaction 

to be obtained from the either the proportional or constant 

system. However, a shorter completion time (statistically 

significant at the .05 level) was observed with the inverse-

ly proportional system. And, seven of the twelve subjects 

preferred the inversely proportional system. 

Dunsmore stated that he "simply cannot explain this 

result (9, p. 15)." However, the; mean completion time of 
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each of the three systems only varied from a low of 13.8 

minutes to a high of 16.4 seconds. Perhaps the degree of 

complexity of each of the three tasks was not great enough. 

This information was not provided. 

Thadhani (19) studied the relationship between compu-

ter response time and interactive user productivity (IUP). 

Recall that computer response time is the time actually 

spent by the computer to process a command or statement, and 

does not include communication time. IUP is defined as "the 

number of interactions per user during a one-hour period and 

is expressed as interactions per user per hour (19, p. 

410)." The Resource Management Facility (RMF), an IBM Mul-

tiple Virtual Storage (MVS) measurement and analysis tool, 

was used to collect data (number of completed interactions, 

computer response time, etc.) from two separate IBM MVS/TSO 

systems. System A consisted primarily of a remote environ-

ment with large network and transmission delays, whereas 

System B consisted primarily of a local environment with 

minimal network and transmission delays. The results of the 

study show that interactive user productivity increases as 

computer response time decreases, and rises dramatically 

during subsecond computer response time. As would be expec-

ted the IUP of the users of System B was greater, given the 

same computer response time, than the IUP of those users on 

System A. 
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Lundy (17) replicated Thadhani's study in an existing 

TSO environment at Hallmark Cards, Inc. The results were 

very similar - both researchers concluded that transaction 

rates increase during subsecond computer response time. 

Kosmatka (15) also replicated Thadhani's study on two 

TSO systems at Wisconsin Electric. One system was a local 

environment, consisting primarily of system support person-

nel. The other system was a remote environment supporting 

application development personnel. Kosmatka graphed average 

transaction rates at various levels of response time for 

both systems. The curve produced on the local system close-

ly resembled the Thadhani curve, while the one for the 

remote system was slightly skewed to the right. 

Based on these findings, Wisconsin Electric modified 

the hardware configuration of their systems in order to 

reduce the average response time from approximately 2.5 

seconds to 0.6 seconds. (It is not clear as to whether 

this was system response time or computer response time, 

since Kosmatka referred to Thadhani's computer response time 

as system response time.) This resulted in a 48% increase 

in the average hourly transaction rate. Productivity of the 

application development staff was then assumed to increase 

by 15%. However, the manager of application development 

could see no noticeable increase in the productivity of his 

staff. The total number of transactions increased, but 

total production did not. 
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Further investigation revealed a change in working 

patterns of the application development staff. At the be-

ginning of the study, 32% of the transactions consisted of 

single-key entries, whereas at Cl.6 second response time, 

55% of the transactions were single-key entries. Kosmatka 

could not explain the reason for the difference in work 

patterns, but concluded that transaction rate was not a 

meaningful predictor of productivity. 

Lambert (16) conducted a comparative study of system 

response time on programmer productivity. One project team 

was provided with subsecond system response time (average of 

0.84 seconds). A control group doing similar work on the 

same machine was provided with the usual system response 

time (average of 2.23 seconds). User productivity was de-

fined as the number of interactions per hour per average 

number of users. Lambert's results showed an average in-

crease in productivity of 62%, an average decrease of user 

response time of 40%, and average increase of 58% in work 

output productivity. However, this cannot all be attributed 

to a decrease in system response time. Each member of the 

test group was provided a terminal, whereas the control 

group had a ratio of 1.8 people per terminal. In addition, 

the test group was provided a relatively quiet project room, 

whereas the control group was scattered within an open-plan 
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office. It is highly probable that the terminal availabili-

ty and working environment also contributed toward the 

increases in productivity. 

It has been suggested by Shneiderman (18) that users 

become more cautious during prolonged system response times 

and respond quickly during short system response times be-

cause of rapid error recovery. It is expected, as shown in 

previous research, that user response time will be positive-

ly correlated with system response time. However, it is 

also expected that the mean user response time of the Type A 

individual will be lower than the mean user response time of 

the Type B individual. 

System Response Time Variability 

Youmans (23) reported on a confidential IBM study done 

in 1979 by Hogan and Youmans. In this study, eight test 

subjects performed data entry and text editing functions 

during eight forty minute sessions over a two day period. 

During this time, the system response time was varied by 

using a terminal simulator to simulate other data entry and 

text editing tasks. The terminal simulator also measured 

the overall mean system response time. After each session, 

the test subjects answered a questionnaire pertaining to the 

system, terminals used, and the working environment. 
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The results of this study indicated that "subjective 

operator reaction to system response time changed from pre-

dominantly acceptable to predominantly unacceptable as the 

overall mean response time of the system increased through 

the range of 1.8 seconds to 2.5 seconds (23, p. 14)." 

These findings support the proponents of a maximum two 

second response time for simple tasks. However, Youmans 

noted that actual response times for each test subject and 

individual functions were not recorded. 

Goodman and Spence (13) studied the effects of system 

response time variability on interactive graphical problem 

solving. A lightpen was used to manipulate the graph. The 

system response time varied from 0.2 to 1.8 seconds, with a 

mean of 1.0 second and a standard deviation of 0.2, 0.4, or 

0.8 seconds. The primary performance measure was the time 

required of the test subjects to solve the problem. The 

results showed no significant difference (at the .10 level) 

between system response time variability and performance. 

The researchers expected the results to be significant. 

They suggested that SRT variability may effect performance 

of specific tasks, but this is not generalizable among all 

tasks. 

Bergman et. al. (3) employed a guessing game to study 

the effects of variable system response time. One hundred 
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and five test subjects were assigned to one of the following 

treatment groups for training and trial sessions: 

1. 0 second delay 

2. 10 second delay 

3. 10 second average delay with a 2.5 second 
standard deviation 

4. 10 second average delay with a 7.5 second 
standard deviation 

Although not statistically significant, the researchers 

found that the subjects in groups two through four took 

fewer trials to complete the guessing game than did those 

with instantaneous feedback. This could be attributed to 

people working more carefully during longer system response 

times. 

Butler {6) studied the effects of variable system re-

sponse time on six test subjects performing simple data 

entry tasks. Each test subject worked for two hours during 

each of the following system response times: 2, 4, 8, 16, 

and 32 seconds with high and low variability. Butler found 

that accuracy and typing rate were not affected by the 

duration of system response time or its variability. How-

ever, productivity decreased. This was attributed to an 

increase in user response time during prolonged system re-

sponse time. 

Dannenbring (7) studied the effect of computer re-

sponse time on user performance and satisfaction. One 

hundred novice and experienced programmers were required to 
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debug a 25-line BASIC program. The five computer response 

time delay conditions were: 0, 5, and 10 second fixed delay, 

5 second delay with 1 to 9 second variability, and 10 second 

delay with 6 to 14 second variability. User performance was 

defined as the total time required to complete the task 

minus the computer response time delays. Satisfaction was 

based on a semantic differential test for satisfaction. 

Although differences were noted between novice and experi-

enced programmers, Dannenbring found no significant 

difference in user performance or satisfaction during any of 

the five computer response time delay conditions. He noted, 

however, that the study was limited to the assigned task of 

debugging a BASIC program and that "it is difficult to 

extrapolate from the present study to other tasks (text 

editing, accessing data bases, etc.) (7, p. 215)." Although 

the computer response time delays in the assigned task 

showed no significant difference in user performance and/or 

satisfaction, Dannenbring expects there will be differences 

during the performance of other tasks or during longer 

computer response time delays. 

User expectation is a key factor in influencing one's 

reaction toward system response time. Users who are accus-

tomed to performing a task during short system response time 

become dissatisfied when system response time is prolonged. 

However, users who have always performed the same task 

during longer system response times do not express the same 
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degree of dissatisfaction (18). In the three prior studies 

which found no significant difference between system re-

sponse time variability and performance, either the task 
"I" 

involved was relatively complex (3, 7) or all test subjects 

experienced relatively short system response times (13). In 

this study, the task involved is a simple text editing 

procedure, and system response time ranges from approximate-

ly zero to ten seconds. The study is performed on an 

interactive system and system response time delays are im-

posed upon the response time actually delivered by the 

system. 

Prior Research Summary 

In this study, the relationships between system re-

sponse time, personality type, state anxiety, and user 

response time are researched. System response time and 

personality type are used both individually and combined to 

see what impact they have on state anxiety and user response 

time. Much research has been performed on these variables 

individually, but little has been done on the combination of 

these variables. Therefore, this study should make a sig-

nificant contribution. 
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CHAPTER III 

RESEARCH METHODOLOGY 

Research Model 

Figures 2 through 8 in Appendix A depict the research 

models for each of the seven hypothesis groups. Independent 

variables included personality type and system response 

time, whereas dependent variables included user response 

time and state anxiety levels. 

Personality Type 

The two most popular approaches to the assessment of 

Type A versus Type B behavior are the structured interview 

and a self-administered questionnaire (2,6). The structured 

interview method employs the use of trained interviewers to 

determine the following Type A behavior characteristics of 

the test subjects: (a) drive and ambition, (b) competitive-

ness and aggressive behavior, and (c) time urgency (2). In 

addition to answer content, test subjects are rated on 

speech, motor characteristics, and response style. Although 

the structured interview method is subjective in nature, the 

correlation of "interrater reliability in classifying sub-

jects as either Type A or Type B ranges from 0.64 to 0.84 

(2, p. 218)." 

39 



40 

Two of the major problems of the structured interview 

technique are the procurement of trained interviewers and 

difficulty of mass screening. For these reasons, self-

administered questionnaires were developed. The Jenkins 

Activity Survey (JAS) is one of the most popular self-report 

questionnaires. It was derived from a pool of questions 

used during structured interviews, and is in agreement with 

the structured interview rating 72% of the time (1, 3). 

Based on the results of this test, the subjects are classi-

fied as Type A or Type B individuals. In addition, the test 

subjects are rated on three subscales of the JAS with regard 

to speed and impatience, involvement, and competitiveness. 

Discriminant function analysis is employed to derive 

four separate scores for Type A, speed and impatience, 

involvement, and competitiveness. The raw score in each of 

these categories is then converted to a standard score. 

Standard scores above the mean for each given category are 

indicative of that respective personality trait (5). The 

JAS was originally developed for working adults, thus making 

some of the wording inappropriate for college students. A 

newer version of the JAS (Form N) was designed "for use by 

persons whose major daily activity is not paid employment, 

such as students, housewives, retired persons, and self-

employed persons on irregular schedules (4, p. 1)." Since 

the JAS does not require trained interviewers, it is easy to 
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administer, and there is a version appropriate for students. 

It was chosen as the test to determine personality types. 

State Anxiety 

The A-State scale of the State-Trait Anxiety Inventory 

(STAI) was employed to measure state anxiety. O'Neil, Han-

sen, and Spielberger (7) found that students with high state 

anxiety during the presentation of a computer-assisted 

instruction course made more errors in the difficult portion 

of the learning task than did those students who were less 

anxious. However, both students did about as well on the 

less difficult portions of the task. Based on these find-

ings, "it would be expected that lower levels of state 

anxiety would be found in situations where the user can be 

considered to be 'satisfied' with the situation (10, p. 

40) ". 

The STAI A-state scale has the following characteris-

tics : 

1. It consists of questions pertaining to an 

individual's perception of anxiety at a 

particular moment in time. 

2. The difference scores between two or more 

occasions have high reliability. 

3. It is easy to administer and relatively short (8). 

Since state anxiety is of a transitory nature, measures 

of internal consistency provide a more meaningful index of 
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reliability than test-retest correlations. In a study of 

855 college students, the Cronbach alpha coefficient for the 

A-state scale was .91 for males and .93 for females (9). 

Problem Task 

It was required that all test subjects possess basic 

knowledge of the Multi-User System For Interactive Compu-

ting/System Product (MUSIC/SP) context editor. MUSIC/SP is 

an IBM Program Product which is used extensively at North 

Texas State University. 

The task involved editing an existing text file stored 

on MUSIC/SP. In order to provide accurate measurements of 

system and user response times, the test subjects were 

informed that full screen editing techniques were prohi-

bited, and that they could only issue one command per line. 

An on-line editing task was selected because it removes 

any bias that may be evident if the test subjects were asked 

to play a game or solve a mathematical problem. Each test 

subject was required to edit an existing text file to pro-

duce an identical copy with one provided them. Reading 

speed was irrelevant because the test subjects were given 

time to read and understand the problem before they began 

the editing task. The test situation for each subject was 

identical, except for changes in system response time. 

A Micro-Term MIME2A terminal was used for testing. All 

communications between the terminal and the network were 
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system response time and measure the system and user re-

sponse times of each transaction. A SAS program was later 

employed to obtain the mean user and system response times 

of each test subject. 

Population 

The test population for this study consisted of college 

level students who were enrolled in senior and master's 

level Business Computer Information Systems (BCIS) classes. 

The students were informed that a study was being conducted 

to study user performance. They were given a written de-

scription of the steps involved in the study (see Appendix 

B) as well as an oral presentation. The test subjects were 

not informed that system response time might be altered. 

Ninety four students volunteered to participate in the 

study. 

Test Procedure 

The steps involved in the test procedure included the fol-

lowing: 

1. Administer test for personality type. 

2. Determine pre-task state anxiety level. 

3. Familiarize test subject with editing task. 

4. Perform editing task. 

5. Determine post-task state anxiety level. 
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Test for Personality Type 

The test subjects were administered the JAS during 

class time. At this time, they also scheduled appointments 

to complete the study. All appointments were made at the 

test subjects' convenience. The remainder of the testing 

was done individually, in forty-five minute sessions. 

Pre-Task State Anxiety 

The A-state scale of the STAI was administered to the 

test subjects before the editing task in order to determine 

a base level of state anxiety. "Clinical and research 

findings suggest that the distorting effects of adverse 

test-taking attitudes are not a serious problem if suffi-

cient care is taken to obtain the cooperation and trust of 

the respondent at the time the STAI is administered (9, p. 

3)." Therefore, the test subjects were briefly informed of 

the research procedure before the STAI was administered. 

They were also informed that their individual responses to 

the test would be kept confidential and that they would, 

upon request, be provided feedback when the study was com-

pleted. 

Familiarize Test Subjects 

It was expected that the test subjects possessed basic 

familiarity with computer terminals and keyboards. However, 

since many keyboards differ in their configuration, each 
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test subject was provided time to become familiar with the 

terminal used in this study. 

Following brief instructions, each test subject was 

required to edit an identical text file which contained 

a number of errors. They were provided with hard copies of 

the file with errors (errors highlighted) and the file as it 

should appear without the errors (See Appendix C.). The 

test subjects were provided time to read and understand the 

problem before they proceeded with the editing task. Any 

questions were answered at this time. The test subjects 

were instructed to perform the editing in any manner they 

wished, but to perform the editing procedure as quickly as 

possible, because their performance would be timed. 

Edit Proceidure 

The test subjects were randomly assigned to one of 

three treatment groups (good, variable, or poor system re-

sponse time), based on their Type A score on the JAS and the 

order in which they were scheduled for testing. (As pre-

viously stated, the test subjects scheduled the appointments 

at their convenience.) 

Good system response time was defined as a relatively 

constant SRT of less than five seconds, while poor system 

response time was defined as a relatively constant SRT of 

approximately 5 to 10 seconds. The study was performed on 

an interactive system and system response time delays were 
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imposed upon the response time actually delivered by the 

system. The test subjects had prior experience performing 

simple text editing tasks on the MUSIC/SP system, so it was 

assumed that their prior expectations would contribute 

toward an SRT of approximately 5 to 10 seconds being consid-

ered poor system response time. In the variable treatment 

group, the system response time of each transaction was 

randomly delayed via a routine tied to the TI-PC internal 

clock. The range of the random delay was from 0 to 9 sec-

onds. The uniform distribution of the random delay produced 

an average SRT of approximately 5 seconds. 

The URT and SRT of each transaction of each test sub-

ject was monitored. The test subjects were not aware that 

these measurements were being taken. 

Post-Task State Anxiety 

The test subjects were provided approximately twenty 

minutes to complete the editing task. If they were not 

through within that time period, they were told to stop. At 

that time, the A-state scale of the STAI was again adminis-

tered. The test subjects were asked to express how they 

felt while performing the editing task. 

Basic Assumptions 

This study is based on the following assumptions: 

1. Students enrolled in senior and master's level 

business computing classes possess the basic 
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knowledge and skills necessary to perform a simple 

editing task. 

2. Test subject volunteers will answer questions 

honestly and willingly. 

3. The editing task defined as part of this experi-

ment is representative of typical editing tasks. 

Data Analysis iProcedures 

Analysis of variance (ANOVA), analysis of covariance 

(ANCOVA), regression, and two sample t-tests were used to 

analyze the data collected. All hypotheses were tested at 

the alpha .05 level. The procedure employed for each hy-

pothesis is shown in Appendix D. 

Limitations 

As previously stated, user expectation and task com-

plexity influence one's reaction toward system response 

time. Users tend to tolerate longer system response times 

while performing complex tasks. Therefore, the results of 

this study cannot be generalized among all computer tasks. 

While performing other computer tasks, users may have to 

experience longer or more variable system response time 

delays in order to experience significant changes in state 

anxiety or user response time. Conversely, if users are 

exposed to poor or variable system response times for an 

extended period, their expectations may change. 
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CHAPTER IV 

ANALYSIS OF DATA 

This chapter presents and discusses the results of the 

study. The data collected on each test subject included the 

following: (1) Type A versus Type B personality score, (2) 

speed and impatience score, (3) involvement score, (4) com-

petitiveness score, (5) pre-task state anxiety level, (6) 

post-task state anxiety level, (7) mean user response time, 

(8) mean system response time, and (9) system response time 

level. This data is shown in Appendix E. 

Demographic Information 

Ninety-three test subjects volunteered to participate 

in this study. Of these, seven were eliminated prior to 

statistical analysis because they lacked the basic knowledge 

of the MUSIC/SP context editor, which was a requirement of 

the study. 

Statistical analysis was performed on the data of 

eighty-six test subjects. The ages of the test subjects 

ranged from twenty to forty-one with a mean of 2 6 and a 

standard deviation of 4.90. The group consisted of thirty-

nine males and forty—seven females. 
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Personality Type 

Each test subject was administered the JAS (Form N) to 

determine raw scores for Type A, speed and impatience, 

involvement, and competitiveness. The raw score in each of 

these categories was then converted to a standard score. 

Standard scores above the mean are indicative of that re-

spective personality trait. The results of scoring the JAS 

are shown in Table I. 

TABLE I 

PERSONALITY TRAIT SCORES 

Personality Trait 
Scores 

Above Mean 
Scores 

Below Mean Total 

Type A 40 46 86 

Impatience 33 53 86 

Involvement 42 44 86 

Competitiveness 46 40 86 

State Anxiety 

The test subjects were administered the A-state scale 

of the State-Trait Anxiety Inventory (STAI) before and after 

the editing task. The purpose of this was to determine any 

changes in state anxiety after performing an edit task. The 

pre-task state anxiety scores ranged from 20 to 60, whereas 

the post-task state anxiety scores ranged from 20 to 80. 
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The significance of these changes is discussed later in this 

chapter. 

System Response Time Levels 

The test subjects were classified as either Type A or 

Type B (based on their JAS scores) and randomly assigned to 

one of three treatment groups (good, variable, or poor 

system response time). This assignment resulted in the 

distribution presented in Table II. 

TABLE II 

CELL FREQUENCIES FOR SYSTEM RESPONSE TIME LEVEL 
BY PERSONALITY TYPE 

Personality Type Fast SRT Variable SRT Slow SRT 

Type A 15 13 12 

Type B 13 18 15 

Statistical Analysis 

The data from this experiment was analyzed, using OS 

SAS Release 5.08 to test for statistically significant 

differences in the variables. Each hypothesis and the data 

analysis associated with it is presented as follows. 
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Hypothesis One 

The null hypothesis states: There is no significant 

positive relationship between state anxiety and system re-

sponse time. 

Hypothesis One was tested using regression analysis. 

The dependent variable was the difference between post and 

pre-task state anxiety, while the independent variable was 

the mean system response time for each test subject. The p 

value for a one tailed test was used in this analysis be-

cause a direction was stated in the hypothesis. The results 

of this analysis are shown in Table III. 

TABLE III 

REGRESSION ANALYSIS OF HYPOTHESIS ONE 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Prob>F 

Model 1 481.87517 481.87517 4.813 0.0155 

Error 84 8409.95041 100.11846 

Total 85 8891.82558 

The relationship between state anxiety and system re-

sponse time was statistically significant at the .05 level 

with a corresponding p value of 0.0155. In addition, the 

estimated regression parameter associated with mean system 
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response time was positive. Therefore, the null hypothesis 

is rejected. 

Hypothesis Two 

The null hypothesis states: There is no significant 

difference in the state anxiety of Type A and Type B indi-

viduals. 

Hypothesis Two was tested using Analysis of variance 

(ANOVA). The dependent variable was the pre-task state 

anxiety level of the test subjects, while the independent 

variable was personality type. The results of this analysis 

are shown in Table IV. 

TABLE IV 

ANOVA OF HYPOTHESIS TWO 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Prob>F 

Model 1 550.34267 550.34267 6.40 0.0133 

Error 84 7227.37826 86.04022 

Total 85 7777.72093 

The difference in the pre-task state anxiety level for 

Type A and Type B individuals was statistically significant 

at the .05 level with a corresponding p value of 0.0133. 

Therefore, the null hypothesis is rejected. 
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Hypothesis Three 

The null hypothesis states: There is no significant 

difference in the state anxiety of individuals with speed 

and impatience scores above the mean and those with speed 

and impatience scores below the mean. 

ANOVA was used to test Hypothesis Three. The dependent 

variable was pre-task state anxiety, while the independent 

variable was speed and impatience. The results of this 

analysis are shown in Table V. 

TABLE V 

ANOVA OF HYPOTHESIS THREE 

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

Model 1 632.00566 632.00566 7.43 0.0078 

Error 84 7145.71527 85.06804 

Total 85 7777.72093 

The difference in the pre-task state anxiety level for 

individuals with speed and impatience scores above and below 

the mean was statistically significant at the .05 level with 

a corresponding p value of 0.0078. Therefore, the null 

hypothesis is rejected. 
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Hypothesis Four 

The null hypothesis states: There is no significant 

difference in the state anxiety of individuals with involve-

ment scores above the mean and those with involvement scores 

below the mean. 

ANOVA was used to test Hypothesis Four. The dependent 

variable was pre-task state anxiety, while the independent 

variable was involvement. The results of this analysis are 

shown in Table VI. 

TABLE VI 

ANOVA OF HYPOTHESIS FOUR 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Prob>F 

Model 1 11.67223 11.67223 0.13 0.7232 

Error 84 7766.04870 92.45296 

Total 85 7777.72093 

The difference in the pre-task state anxiety level for 

individuals with involvement scores above and below the mean 

was not statistically significant at the .05 level. The 

corresponding p value was 0.7232. Therefore, the null 

hypothesis is not rejected. 
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Hypothesis Five 

The null hypothesis states: There is no significant 

difference in the state anxiety of individuals with 

competitiveness scores above the mean and those with compet-

itiveness scores below the mean. 

ANOVA was used to test Hypothesis Five. The dependent 

variable was pre-task state anxiety, while the independent 

variable was competitiveness. The results of this analysis 

are shown in Table VII. 

TABLE VII 

ANOVA OF HYPOTHESIS FIVE 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Prob>F 

Model 1 19.66441 19.66441 0.21 0.6457 

Error 84 7758.05652 92.35782 

Total 85 7777.72093 

The difference in the pre-task state anxiety level for 

individuals with competitiveness scores above and below the 

mean was not statistically significant at the .05 level. 

The corresponding p value was 0.6457. Therefore, the null 

hypothesis is not rejected. 
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Hypothesis Six 

The null hypothesis states: For a given system re-

sponse time, state anxiety of Type A individuals is less 

than or equal to the state anxiety of Type B individuals. 

Analysis of covariance (ANCOVA) was used to test Hy-

pothesis Six. The dependent variable was the post-task 

state anxiety level of the test subjects, and the factor 

variable was personality type. The two covariates were pre— 

task state anxiety level and mean system response time. 

Since this is ANCOVA, only the Type III sums of squares 

values for the factor variable are of interest. These are 

the values derived after adjusting for the treatment effects 

of the covariates. The p value for personality type (the 

factor variable) was 0.2249. This is the p value of a one 

tailed test because a direction was stated in the hypothe-

sis. This value is greater than the .05 level of 

significance. Therefore, the null hypothesis is not rejec-

ted. 

Hypothesis Seven 

The null hypothesis states: For a given system re-

sponse time, state anxiety of individuals with speed and 

impatience scores above the mean is less than or equal to 

the state anxiety of those with speed and impatience scores 

below the mean. 
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ANCOVA was used to test Hypothesis Seven. The depen-

dent variable was the post-task state anxiety level of the 

test subjects, and the factor variable was speed and impa-

tience. The two covariates were pre-task state anxiety 

level and mean system response time. Only the Type III 

adjusted sums of squares values for the factor variable are 

of interest. The p value for speed and impatience (the 

factor variable) was 0.4618. This is the p value of a one 

tailed test because a direction was stated in the 

hypothesis. This value is greater than the .05 level of 

significance. Therefore, the null hypothesis is not rejec-

ted. 

Hypothesis Eight 

The null hypothesis states: For a given system re-

sponse time, state anxiety of individuals with involvement 

scores above the mean is less than or equal to the state 

anxiety of those with involvement scores below the mean. 

Analysis of covariance (ANCOVA) was used to test Hy-

pothesis Eight. The dependent variable was the post-task 

state anxiety level of the test subjects, and the factor 

variable was involvement. The two covariates were pre-task 

state anxiety level and mean system response time. Only the 

Type III sums of squares values for the factor variable are 

of interest. The p value for involvement (the factor varia-

ble) was 0.3464. This is the p value of a one tailed test 
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because a direction was stated in the hypothesis. This 

value is greater than the .05 level of significance. There-

fore, the null hypothesis is not rejected. 

Hypothesis Nine 

The null hypothesis states: For a given system 

response time, state anxiety of individuals with competi-

tiveness scores above the mean is less than or equal to the 

state anxiety of those with competitiveness scores below the 

mean. 

ANCOVA was used to test Hypothesis Nine. The dependent 

variable was the post-task state anxiety level of the test 

subjects, and the factor variable was competitiveness. The 

two covariates were pre-task state anxiety level and mean 

system response time. Only the Type III adjusted sums of 

squares values for the factor variable are of interest. The 

p value for involvement (the factor variable) was 0.2799. 

This is the p value of a one tailed test because a direction 

was stated in the hypothesis. This value is greater than 

the .05 level of significance. Therefore, the null hypothe-

sis is not rejected. 

Hypothesis Ten 

The null hypothesis states: There is no significant 

positive relationship between user response time and system 

response time. 
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Hypothesis Ten was tested using regression analysis. 

The dependent variable was mean user response time, while 

the independent variable was the mean system response time 

of each test subject. The p value for a one tailed test was 

used because a direction was stated in the hypothesis. The 

results of this analysis are shown in Table VIII. 

TABLE VIII. 

REGRESSION ANALYSIS OF HYPOTHESIS TEN 

Source DF 
Sum of 
Squares 

Mean 
Square F Value Prob>F 

Model 1 110.19704 110.19704 10.34 0.0009 

Error 84 895.17733 10.65675 

Total 85 1005.36436 

The relationship between user response time and system 

response time was statistically significant at the .05 level 

with a corresponding p value of 0.0018. In addition, the 

estimated regression parameter associated with mean system 

response time was positive. Therefore, the null hypothesis 

is rejected. 
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Hypothesis Eleven 

The null hypothesis states: The user response time of 

Type A individuals is greater than or equal to the user 

response time of Type B individuals. 

Hypothesis Eleven was tested using a two sample t-test. 

The dependent variable was mean user response time, wh' 

the independent variable was personalxty type. The p 

for a one tailed test was used because a direction was 

stated in the hypothesis. 

The relationship between user response time and person-

ality type was statistically significant at the .05 level 

with a corresponding p value of 0.0055. Table IX shows 

mean user response times as well as the minimum and maximum 

values of user response time for Type A and Type B indivi-

duals. The mean user response time of Type A individuals 

was less than the mean user response time of Type B indivi-

duals. Therefore, the null hypothesis is rejected. 

TABLE IX 

RELATIONSHIP OF MEAN USER RESPONSE TIME AND PERSONALITY TYPE 

PT N 
Mean 
URT 

Standard 
Deviation 

Minimum 
Value 

Maximum 
Value 

Type A 

Type B 

40 
4 6 

11.551 

13.422 

3.366 

3.295 

7.46 

6.25 

19.04 

20.74 
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Hypothesis Twelve 

The null hypothesis states: The user response time of 

individuals who score above the mean in speed and impatience 

is greater than or equal to the user response time of those 

with speed and impatience scores below the mean. 

Hypothesis Twelve was tested using a two sample t-test. 

The dependent variable was mean user response time, while 

the independent variable was speed and impatience. The p 

value for a one tailed test was used because a direction was 

stated in the hypothesis. 

The relationship between user response time and speed 

and impatience was not statistically significant at the .05 

level. The corresponding p value was 0.3697. Therefore, 

the null hypothesis is not rejected. The mean user response 

times for these two groups are shown in Table X. Impatience 

scores above the mean are signified by a 1, whereas those 

below the mean are signified by a 0. 

TABLE X 

RELATIONSHIP OF MEAN USER RESPONSE TIME AND IMPATIENCE 

SI 
Score N 

Mean 
URT 

Standard 
Deviation 

Minimum 
Value 

Maximum 
Value 

1 33 12.711 3.464 7.50 19.04 

0 53 12.453 3.453 6.25 20.74 
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Hypothesis Thirteen 

The null hypothesis states: The user response time of 

individuals who score above the mean in involvement is 

greater than or equal to the user response time of those 

with involvement scores below the mean. 

Hypothesis Thirteen was tested using a two sample t-

test. The dependent variable was mean user response time, 

while the independent variable was involvement. The p value 

for a one tailed test was used because a direction was 

stated in the hypothesis. 

The relationship between user response time and in-

volvement was not statistically significant at the .05 

level. The corresponding p value was 0.3278. Therefore, 

the null hypothesis is not rejected. The mean user response 

times for these two groups are shown in Table XI. Involve-

ment scores above the mean are signified by a 1, whereas 

those below the mean are signified by a 0. 

TABLE XI 

RELATIONSHIP OF MEAN USER RESPONSE TIME AND INVOLVEMENT 

JI Mean Standard Minimum Maximum 
Score N URT Deviation Value Value 

1 42 12.381 3.469 7.46 20.27 

0 44 12.714 3.442 6.25 20.74 
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Hypothesis Fourteen 

The null hypothesis states: The user response time of 

individuals who score above the mean in competitiveness is 

greater than or equal to the user response time of those 

with competitiveness scores below the mean. 

Hypothesis Fourteen was tested using a two sample t-

test. The dependent variable was mean user response time, 

while the independent variable was competitiveness. The p 

value for a one tailed test was used because a direction was 

stated in the hypothesis. 

The relationship between user response time and com-

petitiveness was not statistically significant at the .05 

level. The corresponding p value was 0.2586. Therefore, 

the null hypothesis is not rejected. The mean user response 

times for these two groups are shown in Table XII. Competi-

tiveness scores above the mean are signified by a 1, whereas 

those below the mean are signified by a 0. 

TABLE XII 

RELATIONSHIP OF MEAN USER RESPONSE TIME AND COMPETITIVENESS 

HC Mean Standard Minimum Maximum 

Score N URT Deviation Value Value 

1 46 12.326 3.227 7.46 20.74 

0 40 12.811 3.692 6.25 20.27 
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Hypothesis Fifteen 

The null hypothesis states: For a given system re-

sponse time, user response time of Type A individuals is 

greater than or equal to the user response time of Type B 

individuals. 

ANCOVA was used to test Hypothesis Fifteen. The depen-

dent variable was each test subject's mean user response 

time, and the factor variable was personality type. The 

covariate was mean system response time. Only the Type III 

adjusted sums of squares values for the factor variable are 

of interest. The p value for personality type (the factor 

variable) was 0.0063. This is the p value for a one tailed 

test because a direction was stated in the hypothesis. This 

value is less than the .05 level of significance. In addi-

tion, the coefficient estimate associated with personality 

type was positive. Therefore, the null hypothesis is rejec-

ted. 

Hypothesis Sixteen 

The null hypothesis states: For a given system re-

sponse time, user response time of individuals with speed 

and impatience scores above the mean is greater than or 

equal to the user response time of those with speed and 

impatience scores below the mean. 

ANCOVA was used to test Hypothesis Sixteen. The depen-

dent variable was each test subject's mean user response 
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time, and the factor variable was speed and impatience. The 

covariate was mean system response time. Only the Type III 

adjusted sums of squares values for the factor variable are 

of interest. The p value for speed and impatience (the 

factor variable) was 0.2924. This is the p value for a one 

tailed test because a direction was stated in the hypothe-

sis. This value is greater than the .05 level of 

significance. Therefore, the null hypothesis is not rejec-

ted. 

Hypothesis Seventeen 

The null hypothesis states: For a given system 

response time, user response time of individuals with in-

volvement scores above the mean is greater than or equal to 

the user response time of those with involvement scores 

below the mean. 

ANCOVA was used to test Hypothesis Seventeen. The 

dependent variable was each test subject's mean user re-

sponse time, and the factor variable was involvement. The 

covariate was mean system response time. Only the Type III 

adjusted sums of squares values for the factor variable are 

of interest. The p value for involvement (the factor varia-

ble) was 0.3100. This is the p value for a one tailed test 

because a direction was stated in the hypothesis. This 

value is greater than the .05 level of significance. There-

fore, the null hypothesis is not rejected. 
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Hypothesis Eighteen 

The null hypothesis states: For a given system 

response time, user response time of individuals with com-

petitiveness scores above the mean is greater than or equal 

to the user response time of those with competitiveness 

scores below the mean. 

ANCOVA was used to test Hypothesis Eighteen. The de-

pendent variable was each test subject's mean user response 

time, and the factor variable was competitiveness. The 

covariate was mean system response time. Only the Type III 

adjusted sums of squares values for the factor variable are 

of interest. The p value for competitiveness (the factor 

variable) was 0.2225. This is the p value of a one tailed 

test because a direction was stated in the hypothesis. This 

value is greater than the .05 level of significance. There-

fore, the null hypothesis is not rejected. 

Hypothesis Nineteen 

The null hypothesis states: There is no significant 

difference in state anxiety among the levels of system 

response time (good, variable, and poor). 

Hypothesis Nineteen was testing using two-way ANOVA. 

The dependent variable was the difference between post and 

pre-task state anxiety level of the test subjects. Interac-

tion among personality type and system response time were 

also tested. Therefore, the three independent variables 
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were personality type, mean system response time level, and 

interaction among these variables. The values relating to 

the ANOVA sums of squares are shown in Table XIII. 

TABLE XIII 

ANOVA SUMS OF SQUARES FOR HYPOTHESIS NINETEEN 

ANOVA 
Sum of 

Source Squares F Value Prob>F 

PT 0.27340748 0.00 0.9589 

GVP 667.18763123 3.26 0.0436 

PT * GVP 35.80471362 0.17 0.8399 

The p values for personality type (PT) and interaction 

among personality type and system response time level 

(PT * GVP) were both greater than .05. However, system 

response time (GVP) was statistically significant at the .05 

level, with a corresponding p value of 0.0436. Since this 

hypothesis was primarily interested in the main effects of 

the difference between state anxiety and system response 

time level, the null hypothesis is therefore rejected. 
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Hypothesis Twenty 

The null hypothesis states: There is no significant 

difference in user response time among the levels of system 

response time (good, variable, and poor). 

Hypothesis Twenty was tested using two-way ANOVA. The 

dependent variable was mean user response time of the test 

subjects. Interaction among personality type and system 

response time was also tested. Therefore, the three 

independent variables were personality type, mean system 

response time level, and interaction among these variables. 

The values relating to the ANOVA sums of squares are shown 

in Table XIV. 

TABLE XIV 

ANOVA SUMS OF SQUARES FOR HYPOTHESIS TWENTY 

ANOVA 
Sum of 

Source Squares F Value Prob>F 

PT 74.89134384 7.46 0.0078 

GVP 116.23596693 5.79 0.0045 

PT * GVP 10.65006438 0.53 0.5906 

The p value for interaction among personality type and 

system response time level (PT * GVP) was greater than .05. 

However, system response time (GVP) and personality type 
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(PT) were both statistically significant at the .05 level. 

Since this hypothesis was primarily interested in the main 

effects of the »difference between mean user response time 

and system response time level, the null hypothesis is 

therefore rejected. 



CHAPTER V 

CONCLUSIONS 

The purpose of this research was to determine if per-

sonality type and system response time have any effect on 

state anxiety and user response time. Much research has 

been performed on these variables individually, but little 

has been done on the combination of these variables. 

The sample for this study consisted of senior and 

graduate level college students who possessed basic knowl-

edge of the MUSIC/SP context editor. Each test subject was 

administered the Jenkins Activity Survey to determine scores 

for Type A versus Type B, speed and impatience, involvement, 

and competitiveness. 

The test subjects were randomly assigned to one of 

three treatment groups (good, variable, or poor system 

response time). This random assignment was based on indi-

vidual Type A/B scores and the order in which the test 

subjects were scheduled for testing. The test schedule 

was determined by the test subjects. Each test subject was 

required to edit a text file which contained multiple 

errors. They were provided with hard copies of the file 

with errors (errors highlighted) and the file as it should 

appear without the errors. The test situation for each 
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test subject was identical, except for changes in system 

response time. 

The test subjects were administered the A-state scale 

of the State-Trait Anxiety Inventory (STAI) immediately 

prior to the editing task in order to determine pre-task 

state anxiety levels. The A—state scale of the STAI was 

again administered immediately after the edit task in order 

to determine post-task state anxiety levels. 

Discussion of Results 

To accomplish the purpose of this study, twenty hypoth-

eses were tested. These hypotheses have been classified 

into seven groups. Following are the results of the data 

analysis of each group. 

State Anxiety and System Response Time 

The relationship between state anxiety and system re-

sponse time was statistically significant at the .05 level 

(p = 0.0155). In addition, the estimated regression parame-

ter associated with mean system response time was positive, 

indicating a positive relationship between these two varia-

bles. As shown in Table XV, the mean system response times 

for the good, variable, and poor levels were, respectively, 

1.25, 5.09, and 8.25 seconds. The associate changes in post 

and pre-task state anxiety for these levels were -0.11, 

4.32, and 6.74. Therefore, it is concluded that there is a 
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significant positive relationship between state anxiety and 

system response time. 

TABLE XV 

RELATIONSHIP OF STATE ANXIETY AND SYSTEM RESPONSE TIME 

GVP MEAN SRT 

MEAN 
ANXIETY 
DIFFERENCE 

MINIMUM 
ANXIETY 
DIFFERENCE 

MAXIMUM 
ANXIETY 
DIFFERENCE 

1 1.25 -0.11 -14 14 

2 5.09 + 4.32 - 8 41 

3 8.25 + 6.74 -19 27 

State Anxiety and Personality Type 

Hypotheses two through five were concerned with state 

anxiety and personality type. Francis (5) found a signifi-

cant difference between these two variables when the STAI 

and JAS were used as test instruments. His results were 

confirmed in this study. The difference in the pre-task 

state anxiety levels for Type A and Type B individuals was 

found to be statistically significant at the .05 level (p = 

0.0133). The pre-task state anxiety values for both Type A 

and Type B individuals are shown in Table XVI. Note that 

the mean pre-task state anxiety level of the Type A person-

ality is higher than the pre-task state anxiety level of the 
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Type B personality. Therefore, it is concluded that there 

is a significant difference in the state anxiety of Type A 

and Type B individuals. 

TABLE XVI 

DIFFERENCE BETWEEN STATE ANXIETY IN TYPE A 
AND TYPE B INDIVIDUALS 

PRE-TASK MINIMUM MAXIMUM 
ANXIETY PRE-TASK PRE-TASK 

PT N LEVEL LEVEL LEVEL 

A 40 37.55 21 57 

B 46 32.48 20 60 

The difference in the pre-task state anxiety levels of 

individuals with speed and impatience scores above and below 

the mean was statistically significant at the .05 level (p = 

0.0078). As shown in Table XVII, the mean pre-task state 

anxiety level is higher in individuals with speed and 

impatience scores above the mean. Francis also found a 

significant difference between state anxiety and speed and 

impatience scores. 

When the last two hypotheses in this group were ana-

lyzed, no significant difference was found between state 

anxiety and involvement or competitiveness. The results of 

these last two hypotheses were in agreement with Francis. 

Therefore, it is concluded that there is no significant 
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difference between state anxiety and competitiveness or 

speed and impatience. 

TABLE XVII 

DIFFERENCE BETWEEN STATE ANXIETY AND IMPATIENCE 

PRE-TASK MINIMUM MAXIMUM 
ANXIETY PRE-TASK PRE-TASK 

SI* N LEVEL LEVEL LEVEL 

1 33 38.28 21 60 

0 46 32.70 20 56 

*"SI"—speed and impatience score—if 1, above the 
mean, if 0, below the mean. 

State Anxiety, System Response Time, 
and Personality Type 

None of the four hypotheses in this group (hypotheses 

six through nine) produced statistically significant re-

sults. However, the conclusion to be based on these results 

is highly significant. 

As previously shown in the first hypothesis there is a 

positive relationship between state anxiety and system re-

sponse time. And, although no known studies have been 

performed in this area, it was expected that personality 

type would be a contributing factor toward this increase in 

state anxiety. However, when ANCOVA was used to test these 

hypotheses, the p values for Type A vs Type B, speed and 
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impatience, involvement, and competitiveness were, respec-

tively, 0.2249, 0.4618, 0.3464, and 0.2799. Therefore, it 

is concluded that personality type is not a contributing 

factor toward the significant relationship between state 

anxiety and system response time. 

User Response Time and System Response Time 

Boies (2) has shown a strong correlation between user 

response time and system response time. As was expected, 

these results were replicated. The results of the analysis 

of the tenth hypothesis indicate that the relationship 

between user response time and system response time was 

statistically significant at the .05 level (p = 0.0009). In 

addition, the estimated regression parameter associated with 

mean system response time was positive, indicating a posi-

tive relationship between these two variables. As shown in 

Table XVIII, the mean system response times for the good, 

variable, and poor levels were, respectively, 1.25, 5.09, 

and 8.25 seconds. The associate mean user response times 

for these levels were 10.90, 13.57, and 13.11. Note that 

the mean user response time of the variable group was 

slightly higher than that of the poor group, even though the 

mean system response time of the variable group was consid-

erably less than that of the poor group. Therefore, it is 

concluded that there is a significant positive relationship 
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between user response time and relatively constant system 

response time levels. 

TABLE XVIII 

RELATIONSHIP OF USER RESPONSE TIME AND SYSTEM RESPONSE TIME 

MINIMUM MAXIMUM 
GVP MEAN SRT MEAN URT URT URT 

1 1.25 10.90 6.25 17.69 

2 5.09 13.57 7.72 20.74 

3 8.25 13.11 8.26 20.27 

User Response Time and Personality Type 

Although no known studies have been performed in this 

area, it was expected that personality type would be a 

contributing factor toward the effects of user response 

time. A two sample t-test was employed to test the four 

hypotheses (hypotheses eleven through fourteen). The p 

value for the first hypothesis in this group was very small 

(p = 0.0027). The mean user response time of Type A indivi-

duals (as shown in Table IX) was less than the mean user 

response time of Type B individuals. Therefore, it is 

concluded that the user response time of Type A individuals 

is less than the user response time of Type B individuals. 

It was interesting to note that although there was a 

significant difference in mean user response time of Type A 
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and Type B individuals, no statistical significance was 

found between mean user response time and involvement, com-

petitiveness, or speed and impatience, the major behavior 

characteristics of Type A individuals (3). 

User Response Time, System Response Time, 
and Personality Type 

The next group of hypotheses (hypotheses fifteen 

through eighteen) is a combination of the last two groups. 

ANCOVA was used to adjust for the treatment effects of 

system response time. As would be expected from the results 

of the prior hypotheses, it was found that, for a given 

system response time, user response time of Type A indivi-

duals is less than the user response time of Type B 

individuals. 

Again, as with the last group of hypotheses, no statis-

tical significance was found between mean user response time 

and involvement, competitiveness, or speed and impatience. 

In summary, the mean user response time of the Type A 

personality is less than the mean user response time of the 

Type B personality, but involvement, competitiveness, and 

speed and impatience characteristics do not contribute to-

ward these differences. 

System Response Time Variability 

Hypotheses nineteen and twenty were concerned about 

system response time variability and its effect on state 
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anxiety and user response time. Interaction among personal-

ity type (Type A versus Type B) and system response time 

was also tested. 

Although no known studies have been performed in this 

area, it was expected that there would be a significant 

difference in state anxiety and user response time among the 

levels of system response time. Three levels of system 

response time (SRT) were tested: good (relatively constant 

SRT of less than 5 seconds), variable (random SRT ranging 

from 0 to 9 seconds with an average of 5 seconds) and poor 

(relatively constant SRT greater than five seconds). 

Analysis of the data for the first hypothesis indicated 

a statistically significant difference in state anxiety and 

system response time levels (p=0.0436). Personality type 

and the interaction between personality type and the levels 

of system response time were not significant. As shown in 

Table XIX, the mean difference between post and pre-task 

state anxiety (MDIFF) is greatest during a poor, relatively 

constant SRT. 

In the last analysis, the p values for personality type 

(p=0.0078) and SRT levels (p=0.0045) were both found to be 

statistically significant. Again, the interaction between 

the variables was not significant. The mean user response 

times (MURT) for each of the SRT levels are shown in Table 

XX. Note that the mean user response time for the variable 
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group (GVP=2) is greater than the mean user response time 

for the good (GVP=1) and poor groups (GVP=3). 

TABLE XIX 

RELATIONHIP OF STATE ANXIETY, USER RESPONSE TIME, 
AND SYSTEM RESPONSE TIME 

GVP MEAN SRT MDIFF MURT 

1 1.25 -0.11 10.90 

2 5.09 + 4.32 13.57 

3 8.25 + 6.74 13.11 

The conclusions based on the results of these two 

hypotheses are: 

1. There is a significant difference in state anxiety 

among the levels of system response time. As 

system response time increases, state anxiety also 

increases. And, personality type (Type A or Type 

B) has no effect on this difference. 

2. There is a significant difference in user response 

time among the levels of system response time. 

Mean user response time is greatest during times 

of system response time variability. And, person-

ality type (Type A or Type B) does effect this 

difference. For a given system response time, 

mean user response time of the Type A individual 
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is less than the mean user response time of the 

Type B individual. 

Implications of the Findings 

The most significant finding of this study was the 

positive relationship between state anxiety and system re-

sponse time. It was originally predicted that the Type A 

personality would experience a greater increase in state 

anxiety than the Type B personality. However, that was not 

found to be true. It is therefore concluded that both Type 

A and Type B individuals experience an increase in state 

anxiety during periods of poor or variable system response 

time. 

The results of this study provide a strong case for 

reducing system response time in order to preserve the 

general health and well-being of the user. In addition to 

the perceived feelings of apprehension and tension, the 

autonomic nervous system is aroused in individuals with high 

state anxiety (9). Physiological changes brought on by 

arousal of the autonomic nervous system include increased 

heart rate, systolic blood pressure, respirations, and 

muscle tension. There is a wide variation in the physiolo-

gical changes of high state anxious individuals. Some may 

only experience increased muscle tension, while other indi-

viduals may experience a marked increase in heart rate and 

systolic blood pressure. 
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Although state anxiety is a transitory condition which 

varies in intensity, it may endure over a prolonged period 

when the stimulus which causes the anxiety persists (9). 

Individuals who spend a large portion of their work day 

performing computer—related tasks therefore have the poten-

tial of being tense, apprehensive, and physiologically 

aroused for an extended period. One cannot expect highly 

anxious individuals to be as productive as less anxious 

individuals. It is therefore imperative that system re-

sponse time remain at a level at which one's state anxiety 

is relatively stable. 

The results of this study provide additional insight to 

the relationship between system response time and user pro-

ductivity. Doherty and Kelisky (4) attributed the decrease 

in user productivity during long system response time to a 

temporary disruption in the thought processes pertaining to 

short-term memory. It has been shown {8, 10) that anxiety 

interferes with short-term memory. High state anxious indi-

viduals are not as proficient in problem solving as low 

state anxious individuals. It is therefore proposed that it 

is anxiety, brought on by long system response times, that 

causes the decrease in user productivity. 

This study also confirms Boies' results concerning user 

and system response time. There is a significant positive 

relationship between user response time and system response 
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time. Personality type, specifically the Type A personali-

ty, contributes toward this relationship. 

It was interesting to note that mean user response time 

was higher during system response time variability, even 

though the mean system response time of this group was 

considerably less than that of the poor system response time 

group. 

Management is often reluctant to upgrade computer sys-

tems in order to decrease system response time because they 

find it difficult to justify the cost. In the past, their 

reluctance was warranted. Computer costs were much greater 

than personnel costs. However, that has changed. The 

system upgrade at the National Institute of Health (NIH) 

provides a prime example of cost justification (7). The NIH 

installed a system that was capable of providing 0.5 second 

system response time to 300 simultaneous users. Computer 

tasks included word processing, programming, and remote job 

entry. When the number of simultaneous users increased to 

390 the computer response time decreased to an average of 

four seconds. In addition, the average time required to 

complete a task increased 50 per cent, from thirty-two 

minutes to forty-eight minutes. This problem was compounded 

by the fact that the number of simultaneous users would 

increase to 500 within an eighteen month period. 

It was observed that system deterioration was causing 

the NIH users to spend an additional 22,500 hours at their 
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terminals each month in order to perform the same number of 

tasks. It was estimated that this increased system and user 

cost was $900,000 per month. This was fifteen times the 

cost of incrementing a processor capable of providing sub-

second response time to five-hundred simultaneous users. 

Therefore, the cost of upgrading the system was justified by 

personnel costs. 

Suggestions for Further Research 

The implications of the findings stated in the previous 

section lead to suggestions for further research in at least 

four areas. These areas include: 

1. Determine the system response time level at which 

no increase in state anxiety is noted. The proposed study 

should focus on system response times of no less than five 

seconds. 

2. Determine the relationship between error rate and 

state anxiety while performing a computerized task. In this 

study, the test subjects were asked to check their file for 

errors, but no effort was made to determine if all errors 

were corrected. 

3. Determine the relationship between error rate and 

system response time. Research in this area has been con-

tradictory. Grossberg et. al. (6) found that error rate 

decreased as system response time decreased. This was at-

tributed to the user becoming more cautious in order to 
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avoid the long delays. Barber (1) found a "U" shaped rela-

tionship between total errors and system response time. 

Total errors increased both above and below the twelve 

second system response time range. 

4. Determine the long-term effects of being exposed to 

situations which cause an increase in state anxiety. Re-

search in this area should focus on behavioral as well as 

physiological aspects of high anxiety states. 
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Figures 2 through 8 depict the research models for 

each of the seven hypothesis groups. 

"System Response Time" is measured by averaging the 

time periods between the user's issuance of a command (by 

pressing the ENTER key) and the arrival of the computer's 

response to that command. Each test subject's SRT was 

averaged individually. 

"Personality Type" is measured by determining the Type 

A or Type B behavior pattern of the test subjects. 

"S" (speed and impatience) is a subscale of the JAS. 

"I" (involvement) is a subscale of the JAS. 

"H" (hard driving, competitiveness) is a subscale of 

the JAS. 

"State Anxiety" is based on one's score on the A-State 

scale of the STAI. 

"User Response Time" is measured by averaging the time 

period between the user's reception of a complete reply to a 

command and input (by pressing the ENTER key) for the next 

command. URT for each test subject was averaged indivi-

dually. 
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SYSTEM RESPONSE TIME 

v HI 

STATE ANXIETY 

Fig. 2—Research model of state anxiety and system 
response time 

H2 H4 H5 

STATE ANXIETY 

PERSONALITY TYPE 

Fig. 3—Research model of state anxiety and 
personality type 
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PERSONALITY TYPE SYSTEM RESPONSE TIME 

STATE ANXIETY 

Fig. 4—Research model of state anxiety, system 
response time, and personality type 
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SYSTEM RESPONSE TIME 

H10 
\ f 

USER RESPONSE TIME 

Fig. 5—Research model of user response time and 
system response time 

Hll H14 H13 H12 

USER RESPONSE TIME 

PERSONALITY TYPE 

Fig. 6—Research model of user response time and 
personality type 
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H15 

H16 

H17 

H18 

PERSONALITY TYPE SYSTEM RESPONSE TIME 

USER RESPONSE TIME 

Fig. 7—Research model of user response time, system 
response time, and personality type 



95 

H20 H19 

USER RESPONSE TIME STATE ANXIETY 

PERSONALITY TYPE SYSTEM RESPONSE TIME 
LEVELS 

Fig. 8—System response time variability 
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You have been requested to participate in a study to 
determine if individuals of varying personality type perform 
differently while editing a text file, using the MUSIC 
editor. 

The steps involved in this procedure include the fol-
lowing: 

1. Complete questionnaire on personality type. Anonymity 
of your responses to all questions is assured. The 
results of this study will be reported only in aggre-
gate form. This questionnaire will be completed during 
class time, and takes about fifteen minutes to com-
plete . 

2. Schedule a time to complete the rest of the study. The 
rest of the study takes about one hour to complete. 
The scheduled times are Monday through Friday from 8:00 
A.M. to 6:30 P.M. 

3. Complete a questionnaire which describes your feelings 
at that momemt. This questionnaire takes about six 
minutes to complete. 

4. Perform a text editing task using the MUSIC editor. 
You wi 1 1 be provided two hard copies of a file; one 
with no errors, and one with the errors highlighted. 
Your task is to make editing changes, using the Music 
Editor, to the file with errors in order to make it 
identical with the file with no errors. During this 
study, you are requested not to use any 32 70 terminal 
enhancements, such as full screen editing. You are 
also requested not to issue more than one editing 
command per carriage return. Other than those two 
stipulations, you may edit the file in any manner you 
wish. 

5. Complete the same questionnaire described in step 3. 

There are no discomforts or risks involved in this 
study. The possible benefit of this study is a change in 
computer hardware or software to improve user performance. 

Your performance during the editing procedure will be 
timed. Therefore it is requested that any questions regard-
ing any procedures be asked before you begin the editing 
procedure. 

You are free to withdraw consent and to discontinue 
participating in this project at any time. Thank you for 
considering this project. 
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File With No Errors 

There is obviously a need to apply the principles of 
secure systems to emerging developments of EFTS. EFTS 
security is generally defined as the protection of financial 
data in the electronic funds transfer system against 
unauthorized and intentional alteration or disclosure to 
commit fraud. Security methods in an EFT environment range 
from procedures designed to guard against unauthorized 
physical access to data and information to the problem of 
positive personal identification of 
the user. 

Audit techniques are being used in a number of ways to 
further the objectives of computer security. The computer 
security community employs audits as a defensive measure to 
determine responsibility once improper use of data is 
discovered. An audit log consists of a simple entry at a 
line printer terminal for each access to a sensitive data 
file. The basic problem with the audit log is that the 
information is recorded after the fact. In an EFT 
environment where one unauthorized retrieval could cost the 
bank millions of dollars, audit logs do not provided the 
necessary security. It should also be noted that these logs 
usually provide information about physical location of the 
security breach and not personal identification of the 
perpetrator. In some cases, audit logs do provide a 
detailed record of who had access to what information, 
whether or not identification numbers were needed, when the 
access was made, and what the nature of the access was. 
Even though audit logs should not be counted on to prevent 
unlawful access to files, it is not meant to be implied that 
audit logs should not be used in EFT systems. 

Another security method is the password system. The 
traditional method for terminal identification is through 
the password. However, password protection does not provide 
positive identification of the user. The password is 
intended to verify the identification of the user, but that 
is true if only authorized users have possession of the 
password. In many systems, the account holders can choose 
their own password. The problem that arises is that a 
password usually is chosen based upon a combination of the 
characters that the user can easily remember, such as 
initials, birthdate, etc. In addition, passwords are 
sometimes written in some nonsecure place, such as on the 
back of the bankcard itself. This is a similar problem to 
the identification number, in that passwords are not always 
foolproof. 
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Used properly, however, passwords can control 
unauthorized use of computer systems. Because of the 
simplicity of password identification procedures it is the 
most commonly used method in computer systems. Password 
systems cost Bess at present than most of the other 
techniques for personal identification. Consequently, it 
appears that passwords, perhaps in combination with other 
techniques such as badges and keys, will continue to be 
heavily utilized for some time. In order for a password to 
be truly effective, it should generally be very difficult to 
guess, easy for the owner to remember, changed frequently, 
and well protected. 

Another type of security method is encryption. 
Terminal security can be maintained despite uncontrolled 
access to the terminal by wire-tapping. The most effective 
technique of protecting the system from impostors is the 
encryption of communications to and from the terminal. The 
intent of encryption is to make intercepted data useless to 
the interceptor by making it too difficult or too expensive 
to derive the original clear data in time to use it for his 
purposes. Unlike a simple communication system in which all 
of the data and central information are encrypted, a viable 
EFT network requires that only the valuable data be 
encrypted and the address control information remain clear. 
The effective use of encryption in the EFT environment 
requires that the banking community and its customers be 
educated to security threats in order to establish a viable 
EFT system. 

In regard to EFT systems security, fingerprints and 
voiceprints have been proposed as alternative identifying 
devices. However, evaluation of their reliability and 
practicability must await further development. In the case 
of fingerprints, it is said that computer pattern 
recognition has now advanced to the point that a set of 
fingerprints could serve as a perfect identifier which would 
reveal no additional personal information. Thus, 
fingerprints were proposed as an alternative device which 
would grant access to the EFT system. Access would be 
obtained by simply placing the index finger into an input 
spot on the machine. A variation of the approach would be 
to have fingerprints mounted in an identification card that 
fits into the machine. 

Another identification procedure, that of voice waves 
which make use of voice prints, offers some competition as 
on alternative device for EFT security purposes. The 
attraction of using the voice print to identify the terminal 
user is that no special terminal equipment will be needed, 
other than a telephone. The user will speak a predetermined 
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phrase, possibly six digits of a code number, and a number 
controlled device would convert the sound into a pattern of 
bits. It would compare the pattern of the particular speech 
sound with the pattern previously stored for the user. As a 
user's voice differs somewhat from time to time, it would 
have to extract certain sound characteristics, compare 
these, and use permissible limits of variations. Bell Labs 
has found that these identification procedures are good 
enough for practical speaker verification. One problem is 
that voice characteristics can be influenced by an 
individual's health and emotional stress, which makes voice 
prints less attractive than fingerprinting as an 
identification means. 

The EFT security methods discussed previously are 
concerned with detecting threats that can originate from 
inside, such as from computer programs and operation 
functions. One way of controlling the threats from these 
areas is to conduct software audits. Software audit 
techniques include reviews of program listings, review of a 
program's logic, test input/output and confirm the results 
with expected results, and auditing through the computer by 
obtaining information about the processing programs from 
error detectors built into the system. 

Software auditing, while insuring system integrity, 
provides a significant opportunity for management to 
identify security weaknesses and allow for subsequent 
correction. An independent group of auditors can review the 
program code written by a group of designers. The 
separation of the two functions, design and design review, 
gives greater credibility to the resulting design. Any form 
of software quality control is useful, and formal validation 
is likely to be needed for many security requirements. 

A specific case in providing EFT system security is 
through the use of COMBI (COBOL Missing Branch Indicator). 
The utility provides the opportunity for management and 
auditors to examine and map program codes to determine 
whether all modules of the programs are being properly 
executed, and are not being overridden or bypassed by 
certain hidden systems parameters. Without this technique 
or a similar application, internal fraud or privacy invasion 
could go undetected for an extremely long period of time. 

The last type of security control for an EFT system 
discussed in this article is computer monitoring. The 
purpose of this security technique is to ensure that all 
transmitted data is received by the central site. The 
security routines in the EFT systems should monitor terminal 
activity, both to prepare an historical log and to take 
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immediate action if events signal that all may not be well. 
Monitoring can cover a wide variety of activities which 
include recording attempts to access certain files and 
attempts of certain types of users to access these files. 
Violation attempts are sometimes made as new users adjust to 
the requirements of an unfamiliar system. However, when the 
number of attempts to gain unauthorized access to a 
particular file increases, user groups should be watched 
carefully to detect unauthorized access to a particular file 
increases, user groups should be watched carefully to detect 
unauthorized activities. 

It is strongly recommended that in computer monitoring 
of the EFT communication network, a closed loop verification 
system be used where positive confirmation should include 
the message number and/or sequence number, the time of day, 
and the character bit count. This is to ensure that no data 
is lost or mishandled during transmission. 
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File With Errors 

There is a need to apply the principals of 
secure systems to emerging developments of EFTS. EFTS 
security is generally defined as the protection of financial 
data in the electronic funds transfer system against 
unauthorized and intentional alteration or disclosure to 
commit fraud. Security methods in an EFT environment range 
from procedures designed to guard against unauthorized 
physical access to data and information to the problem of 
positive personal identification of 
the user. 

Audit techniques are being used in a number of ways to 
further the objectives of computer security. Thecomputer 
security community employs audits as a defensive measure to 
determine responsibility once improper use of data is 
discovered. An audit log consists of a simple entry at a 
line printer terminal for each access to a sensitive data 
file. The basic problem with the audit log is that the 

information is recorded after the fact. In an EFT 
environment where one unauthorized retrieval could cost the 
bank millions of dollars, audit logs do not provided the 
necessary security. It should also be noted that these logs 
usually provide information about physical location of the 
security breach and not personal identification of the 
perpetrator. In some cases, audit logs do provide a 
detailed record of who had access to what information, 
whether or not identification numbers were needed, when the 
access was made, and what the nature of the access was. 
Even though audit logs should not be counted on to prevent 
illegal access to files, it is meant to be implied that 
audit logs should not be used in EFT systems. 

Another security method is the password system. The 
traditional method for terminal identification is through 
the password. However, password protection does not provide 
positive identification of the user. The password is 
intended to verify the identification of the user, but that 
istrue if only authorized users have possession of the 
passwords. In many systems, the account holders can choose 
their own password. The problem that arises is that a 
password usually is chosen based upon a combination of the 
characters that the user can easily remember, such as 
initials, birthdate, etc. In addition, passwords are 
sometimes written in some nonsecure place, such as on the 
back of the bankcard itself. This is a similar problem to 
the identification number, in that passwords are not always 
foolproof. They can be dangerous. 
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Used properly, however, passwords can control 
unauthorized use of computer systems. Because of the 
simplicity of password identification procedures it is the 
most commonly used method in computer systems. Password 
systems cosst less at present than most of the other 
techniques for personal identification. Consequently, it 
appears that passwords, perhaps in combination with other 
techniques such as badges and keys, will continue to be 
heavily utilized for some time. In order for a password to 
be truly effective, it should generally be very difficult to 
guess, easy for the owner to remember, changed frequently, 
and well protected. 

Another type of security method is decryption. 
Terminal security can be maintained despite uncontrolled 
access to the terminal by wire-tapping. The most effective 
technique of protecting the system from impostors is the 
encryption of communications to and from the terminal. The 
intent of encryption is to make intercepted data useless to 
the interceptor by making it too difficult or too expensive 
to derive the original clear data in time to use it for his 
purposes. Unlike a simple communication system in which all 
of the data and central information are encrypted, a viable 
EFT network requires that only the valuable data be 
encrypted and the address control information remain clear. 
The effective use of encryption in the EFT environment 
requires that the banking comunity and its clients be 
educated to security threats in order to establish a viable 
EFT system. 

In regard to EFT systems security, fingerprints and 
voiceprints have been proposed as alternative identification 
devices. However, evaluation of their reliability and 
practicability must await further development. In the case 
of fingerprints, it is said that computer pattern 
recognition has now advanced to the point that a set of 
fingerprints could serve as a perfect identifier which would 
reveal no additional personal information. Thus, 
fingerprints were proposed as an alternative device which 
would grant access to the EFT system. Access wuld be 
obtained by simply placing the index finger into an input 
spot on the machine. A variation of the approach would be 
to have fingerprints mounted in an identification card that 
fits into the machine, into the machine. 

Another identification procedure, that of voice waves 
which make use of voice prints, offers some competition as 
on alternative device for EFT security purposes. The 
attraction of using the voice print to identify the terminal 
user is that no special terminal equipment will be needed, 
other than a telephone. The user will speak a determined 
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phrase, possibly six digits of a code number, and a number 
controlled device would convert the sound into a pattern of 
bits. It would compare the pattern of the particular speech 
sound with teh pattern preciously stored fr the user. As a 
user's voice differs somewhat from time to time, it would 
have to extract certain sound characteristics, compare 
these, and use permissable limits of variations. Bell Labs 
has found that these identification procedures are good 
enough for practical speaker verification. One problem is 
that voice characteristics can be influenced by an 
individual's health and emotional stress, which makes voice 
prints less attractive than fingerprinting as an 
identification means. 

The EFT security methods discussed previously are 
concerned with detecting threats that can originate from 
inside, such as from computer programs and operation 
functions. One way of controlling the threats from these 
areas is to conduct software audits. Software audit 
techniques include reviews of program listings, review of a 
program's logic, test input/output and confirm the results 
with expected results, and auditing through the computer by 
obtaining information about the processing programs from 
error detecters built into the system. 

Software auditing, while insuring system integrity, 
provides a significant opportunity for management to 
identify security weaknesses and allow for subsequent 
correction. An independent group of auditors can review the 
program code written by a group of designers. The 
separation of the two functions, design and design review, 
gives greater credibility to the resulting design. Any form 
of software quality control is useful, and formal validation 

is likely to be needed for many security requirements. 

A specific case in providing EFT system security is 
through the use of COMBI (COBOL Missing Branch Indicator). 
The utility provides the opportunity for management and 
auditors to examine and map program codes to determine 
whether all modules of the pograms are being properly 
executed, and are not overridden or bypassed by 
certain hidden systems parameters. Without this technique 
or a similar application, internal fraud or privacy invasion 
could go undetected for an extremely long period of time. 

The last type of security control for an EFT system 
discussed in this article is computer monitoring. The 
purpose of this security technique is to ensure that all 
transmitted data is received by the central site. The 
security routines in the EFT systems should monitor terminal 
activity, both to prepare an historical log and to take 
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immediate action if events signal that all may not be well. 
Monitoring can cover a wide variety of activities, which 
include recording attempts to access certain files and 
attempts of certain types of users to access these files. 
Voilation attempts are sometimes made as new users adjust to 
the requirements of an unfamiliar system. However, when the 
number of attempts to gain access to a 
particular file increases, user groups should be watched 
carefully to detect unauthorized access to a particular file 
increases, user groups should be watched carefully to detect 
unauthorized activities. 

It is strongly recommended that in computer monitoring 
of the EFT communication network, a closed loop verification 
system be used where positive confirmation should include 
the message number and / or sequence number, the time of day, 
and the character bit count. This is to ensure that no data 
is lost or mishandled during transmission. 
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HI Statistical method: regression analysis 

Dependent variable - state anxiety difference 

Independent variable - mean system response time 

H2 Statistical method: ANOVA 

Dependent variable - pre-task state anxiety level 

Independent variable - personality type 

H3 Statistical method: ANOVA 

Dependent variable - pre-task state anxiety level 

Independent variable - speed and impatience 

H4 Statistical method: ANOVA 

Dependent variable - pre-task state anxiety level 

Independent variable - involvement 

H5 Statistical method: ANOVA 

Dependent variable - pre-task state anxiety level 

Independent variable - hard driving, competitiveness 

H6 Statistical method: ANCOVA 

Dependent variable - post-task state anxiety level 

Factor variable - personality type 

Covariate variables - pre-task state anxiety level 

and mean system response time 

H7 Statistical method: ANCOVA 

Dependent variable - post-task state anxiety level 

Factor variable - speed and impatience 

Covariate variables - pre-task state anxiety level 

and mean system response time 
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H8 Statistical method: ANCOVA 

Dependent variable - post-task state anxiety level 

Factor variable - involvement 

Covariate variables - pre-task state anxiety level 

and mean system response time 

H9 Statistical method: ANCOVA 

Dependent variable - post-task state anxiety level 

Factor variable - hard driving, competitiveness 

Covariate variables - pre-task state anxiety level 

and mean system response time 

H10 Statistical method: regression analysis 

Dependent variable - mean user response time 

Independent variable - mean system response time 

Hll Statistical method: two sample t-test 

Dependent variable - mean user response time 

Independent variable - personality type 

H12 Statistical method: two sample t-test 

Dependent variable - mean user response time 

Independent variable - speed and impatience 

H13 Statistical method: two sample t-test 

Dependent variable - mean user response time 

Independent variable - involvement 

H14 Statistical method: two sample t-test 

Dependent variable - mean user response time 

Independent variable - hard driving, competitiveness 
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H15 Statistical method: ANCOVA 

Dependent variable - mean user response time 

Factor variable - personality type 

Covariate variable - mean system response time 

H16 Statistical method: ANCOVA 

Dependent variable - mean user response time 

Factor variable - speed and impatience 

Covariate variable - mean system response time 

H17 Statistical method: ANCOVA 

Dependent variable - mean user response time 

Factor variable - involvement 

Covariate variable - mean system response time 

H18 Statistical method: ANCOVA 

Dependent variable — mean user response time 

Factor variable - hard driving, competitiveness 

Covariate variable - mean system response time 

H19 Statistical method: two-way ANOVA 

Dependent variable - state anxiety difference 

Independent variables - mean system response time 

levels and personality type 

H20 Statistical method: two-way ANOVA 

Dependent variable - mean user response time 

Independent variables - mean system response time 

levels and personality type 
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SUBJ PT s I H PRE POST MURT MSRT GVP* 

TS001 1 1 1 1 36 37 8.08 0.64 1 
TSO 03 1 0 0 1 29 24 9.07 10.84 3 

TS004 1 1 0 0 52 42 12.88 2.50 1 
TS005 0 0 0 1 20 22 12.04 8.38 3 
TS006 1 1 1 1 43 24 11.45 7.68 3 

TS007 0 0 1 0 22 40 10.37 6.73 3 
TS008 1 1 1 1 40 39 14.25 4.71 2 
TS009 1 0 0 1 32 25 10.46 2.46 1 

TS010 1 1 1 1 37 41 16.55 5.97 2 

TS011 1 1 0 1 39 25 12.07 9.91 3 
TS012 0 1 0 1 23 24 11.83 2.31 0 

TS014 0 1 0 0 43 36 9.13 4.96 2 

TS015 1 1 0 0 46 41 7.50 1.62 1 
TS016 0 0 1 0 29 24 10.47 5.10 2 

TS017 0 0 1 0 24 65 12.70 4.31 2 

TS018 1 1 1 1 30 45 9.78 8.71 3 
TS019 0 1 0 0 22 49 15.09 8.39 3 

TS020 0 0 0 1 27 26 20.74 4.82 2 

TS021 0 1 1 1 37 30 9.07 0.64 1 
TS022 0 0 0 1 36 30 10.40 7.32 3 

TS023 0 0 0 0 29 53 19.32 7.41 3 

TS024 0 0 1 0 30 39 19.46 9.29 3 
TS025 0 0 0 0 23 25 12.83 1.01 1 
TSO 2 6 0 0 1 0 32 36 15.73 6.13 2 
TS027 0 0 0 0 26 30 15.40 1.33 1 
TS028 0 1 0 1 27 33 11.91 4.49 2 
TS029 0 1 0 0 55 52 10.69 5.72 2 
TS030 0 0 1 1 30 34 14.57 1.39 1 

TS031 1 0 0 1 52 59 12.20 2.99 1 

TS032 1 0 0 0 38 45 8.44 7.69 3 
TS033 1 1 0 1 37 45 8.22 0.48 1 
TS034 0 0 0 0 31 33 10.55 7.37 3 
TS035 0 0 1 0 42 41 10.61 4.50 2 
TS036 0 0 0 1 30 22 12.87 5.17 2 
TS037 1 1 1 1 57 71 10.48 0.81 1 
TS038 1 1 1 1 33 45 12.71 7.31 3 
TS040 0 1 0 0 60 80 11.08 7.44 3 
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SUBJ PT s I H PRE POST MURT MSRT GVP* 

TS041 0 1 0 0 31 24 14.85 8.32 3 

TS042 0 0 0 1 28 32 14.42 4.64 2 

TS043 1 1 0 0 40 44 17.24 4.90 2 

TS044 0 0 0 0 34 37 12.77 0.44 1 
TS045 0 1 0 1 39 36 17.71 10.00 3 
TS046 0 0 1 0 34 37 11.94 1.38 1 
TS049 0 0 1 0 26 33 14.59 4.55 2 

TS050 1 1 1 1 43 45 14.74 4.12 2 

TS052 1 0 1 1 27 33 8.59 4.73 2 
TS053 0 0 1 1 29 33 11.45 6.37 3 

TS054 1 0 1 1 26 28 7.46 0.58 1 
TS055 0 0 0 0 30 34 6.25 0.43 1 
TS056 0 0 1 0 33 30 13.87 7.40 3 

TS057 1 0 1 1 52 63 8.52 8.71 3 
TS059 1 0 1 1 36 47 13.06 7.43 3 
TS060 1 0 0 1 38 38 15.83 7.33 3 
TS061 1 0 1 1 30 23 8.46 4.52 2 
TS062 1 1 1 0 37 36 7.72 6.35 2 
TS063 1 1 1 1 46 38 13.60 4.45 2 
TS064 1 1 1 0 31 23 8.44 1.40 1 
TS065 1 0 0 0 32 56 8.26 7.42 3 
TS067 0 1 1 0 38 35 15.12 0.72 1 
TS068 0 0 1 1 47 52 12.59 5.15 2 
TS069 0 0 0 0 31 35 14.69 5.56 2 
TS070 0 0 1 0 33 27 12.00 7.47 3 
TS071 1 1 0 1 39 67 16.61 4.67 2 
TS072 0 0 1 0 53 39 8.43 2.48 1 
TS073 1 1 1 0 35 38 14.96 0.38 1 
TS076 1 0 1 0 46 40 8.61 0.67 1 
TS077 1 1 1 1 40 46 18.91 5.51 2 
TS080 0 0 0 1 21 24 14.62 5.37 2 
TS082 0 0 0 0 39 35 12.04 0.62 1 
TS084 1 0 0 1 52 60 12.23 4.80 2 
TS085 0 1 0 0 35 30 17.69 1.04 1 
TS087 1 0 1 1 26 41 11.05 7.45 3 
TS088 0 0 0 1 27 34 17.08 6.30 2 
TS089 1 0 0 1 25 31 9.91 2.88 1 
TS091 1 0 0 1 30 35 7.64 1.42 1 
TS092 0 0 0 1 29 43 17.19 5.33 2 
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SUBJ PT s I H PRE POST MURT MSRT GVP* 

TS093 : 0 0 1 0 26 51 20.27 10.95 3 

TS094 0 0 0 0 31 33 16.13 9.04 3 

TS095 1 1 1 0 40 57 19.04 10.50 3 
TS096 0 0 1 0 53 54 15.52 5.30 2 

TS097 1 1 0 1 31 46 10.60 4.76 2 

TS098 0 0 0 0 22 20 9.78 1.30 1 

TS099 1 1 1 1 21 31 9.46 0.67 1 

TS100 0 - 0 1 1 27 27 9.56 5.08 2 

TS101 1 0 0 1 56 47 11.19 0.43 1 
TS102 1 0 1 1 22 29 15.78 5.80 2 

jt x Ju * JL J 17 — j l i . w — — ^ 

"S"—speed and impatience score—1 if above the mean, 2 if 
below the mean, "I"—involvement score—1 if above the mean, 
2 if below the mean, "H"—competitiveness score—1 if above 
the mean, 2 if below the mean, "PRE"—pre-task state anxiety 
score, "POST"—post-task state anxiety score, "MURT"—mean 
user response time reported in seconds, "MSRT" mean system 
response time reported in seconds, "GVP" system response 
time level — 1 if good, 2 if variable, 3 if poor. 
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