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I~BSTRACT

The performance of users in man-machine interaction (MMI) is described in terms of
a number of user- and machine-oriented parameters. The general linear model of

• experimental design is used as a model of the interaction. Performance measures are
• selected and a questionnaire developed to gauge user attitudes toward the man-machine

system (MMS) and its environment. The interface parameters selected are hypothesized
to have a significant effect on the performance and at~.’ .jde measures.

The effects of varying CR1 display rates and output delays upon user performance
and attitudes in a series of message retrieval tasks were evaluated experimentally. The
results support the somewhat surprising conclusion that doubling the display rate from
1200 to 2400 baud produces no significant cerformance or attitude changes; increasing
the variability of the output display rate produces both significantly decreased user
performance and a poorer attitude towards system and interactive environment. The
generally held notion that increasing output display rqtes is associated with better user
performaice is not supported; in fact , a general recommendation to system designers$ woulc oe that increasing output display rates should not be attempted without a
corresponding increase in CPU power.

The quest ionnaire, which elicited user’s attitudes toward the system, correla tes wi th
• perf ormance on the interactive tasks. The importance of these results to designers of

MMS is discussed.

This study is the author’s Ph.D. dissertation.

I ,
~~

—.—. — _ ‘_

~~~~

_•
‘, ~~~~~~~~~~~~~~~~~ 

—
- . —‘.-~—.. ...— - - .-— — —

‘

~ ~~~~~~~~~~~~~~~~~~ 
- ‘~~~~E BLkNK..~~~? FrxJ~D



___________________

1. INTRODUCTION

The general area of this research is man-machine interaction, specifically analysis of
system output. Broadly stated, this study shows that the voriability of system output
bandwidth significantly affects users’ performance across a wide range of interactive
tasks.

In the field of computer science, it is now possible to divert attention away f rom

fundamental theoretical issues towards refinements in systems and applications design for
the greater satisfaction of end users. To this end, the previous ad hoc methods of

• refining systems to users’ needs -- based on the intuition of the designer or programmer
-- ought to give way to the more rigorous and reliable techniques of controlled
observation, experimentation, and development. This research demonstrates that certain
parameters of the man-machine interaction environment are manipulatable as a means of
improving user perforn~ ance.

This research uses an interactive message processing system now used at the
University of Southern California’s Information Sciences Institute and other locations. This
program has been modified to provide a useful means of examining the relationship
between the performance of the user and the variables influencing that performance.

Later sections discuss in greater detail the parameters of the interaction, which are
shown to influence performance. Appropriate measurements are developed for evaluating
performance in this kind of interactive task.

This work is an attempt to develop a model of man-machine interaction. Clearly a
number of variables will affect performance in interactive tasks: for example, intellectual

.~ .~ and cognitive differences in users, computer speed and power differences , command input
differences , and data display differences. A complete model of the interaction would take
all of these parameters into account , and use them to predict both user and system
performance. Because this model was developed in order to predict user performance as

• 
• a function of changes in the output parameters, it fixes the values of the other parameters

to determine how changes in output affect user performance.

Statistical and experimental design (Winer, 1973) provide a f ramework for testing
the validity of the model. The parameters hypothesized to influence performance are
classified as independent variables and the performance measures as dependent variables.
The objective is then to demonstrate that changes in the former produce changes in the
latter. Statistical design theory suggests ways in which the problem can be structured
such that the model may be tested and a probability statement made concerning the

p - — — ~ —•.- —.-- —.-.~~-.. —.—-— - — ::~. -~~ -~~ .- 
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INTRODUCTION 2

• likelihood that changes in the independent variables will actually produce changes in the
• dependent variables.

This research has involved two distinct phases. The first selected reasonable
variables, which were hypothesized to influence user performance , and useful performance
measures. The second tested for significance, i.e., the relationship between the

• independent variables and the performance measures. Ultimatel y, the rationale for
performing research on the effects of changes in the system parameters upon user
perf ormance is to make possible the development of interactive computer systems that are
more compatible with the needs and the limitations or abilities of the potential users of
t ha t system, as we ll as to provide a framework for testing future systems. In particular ,
Chapter 6 points out that controlled observation of people using an interac tive system ,
under conditions which stress the functions available in the system, provides a means of
identifying those aspects amenable to design improvement.

A number of broad-ranging questions occur as one studies the ways in which people
interact with computer systems: suitable input language, keyboard and terminal designs,
format and intensity of displays, amount of material , content of responses, speed and
variabili ty of display rates, etc. Additionally, there are questions concerning the way in
which different individuals perform in the man-machine interaction: t.Q. differences ,
motivationa’ and cognitive comp lexi ty factors , previous experience , etc. A complete
theory of man-machine interaction (MMI) would take all of these factors into consideration
in attempting to predict user performance for a given man-machine system (MMS). The
theory would also include parameters relating directly to the individual system, and
perhaps as well fact ors which relating to the supporting computer system -- CPU speed,
memory capacity, etc. Any complete theory or model of user performance would, of
course, have to predict performance measures that are useful; a preliminary step in
developing a model or theory of MMI is the selection of useful or reasonable performance
measures.

It is conceptually reasonable to break the set of MMI parameters into those which
represent the man (user) and those which represent the machine. The machine

• parameters, in turn, may be divided into those which represent the particular interactive
program, those which represent the interactive environment (the terminal, display and
input language form), and those which represent the background processor.

By fixing all of the parameters except the display ones, this researc h explores the
effects of changes in the display upon user performance in a given (though not untypical)
MMS. In fixing the user population, the MMS, the input language form, and the background
computer system, we still tacitly assume that the levels at which these have been fixed are
representative of a broad class of interactive systems and users. It is this assumption of
the generalizability of the research which makes the results of potential interest outside

• the immediate system and subject sample. Further elaboration on this concept of external
• vaLSdSty is made in Chapters 4 and 6.

• — S.— . --... • . •. -~.-_--~~I- - .-~~~~--~~~~-
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INTROOUCTION 3

Specific hypotheses are tested in this research. By limiting the parameters, the
basic hypothesis is that, for both the given user population from which the sample was
taken and the particular interactive system employed, therp are stgnifi.cant performance
differences between groups of subjects receiving different levels of the display variables.
A more detailed elaboration of the techniques, both the physical experimental environment
and the statistical and design techniques, is presented in Chapters 3 and 4.

The experimental sessions involve three phases. First, subjects are given an
introduction to the system. Next , they are given a series of tasks to be accomplished
through the use of the system, i.e., questions to be answered by selecting and examining
messages fr om a data base. Since the data base is rather large, the search and boolean
operations available in the system must be used in order to reduce the number of
messages that must be examined. Upon finishing all of the tasks, the subjec t completes a
questionnaire on a number of features of the system. The statistical model for the
analysis of the subject’s responses is contained in Chapter 3.

Discussions of the controlled testing of man-computer interface issues are sparse in
the computer science literature. Chapter 2 of this report reviews some of the pioneering
w ork from which the ideas presented in this work germinated. Since experimental design
and statistical evaluation of experimental results are not within the mainstream of
computer science, Chapter 3 briefly develops the statistical techniques necessary for the
experimental design, as well as the analysis of variance and multivariate techniques used
to analyze the task and questionnaire data.

Chapter 4 describes the experimental design used to test the hypotheses, describes
the interactive system and the experimental environment (the physical setting), and
presents a sample subject scenario. Finally, Chapter 4 addresses the issues of internal
and external validity (generalizability) of the results.

The resul ts of the experimental session are presented and discussed in Chapter 5,
including summary analysis of variance tables, graphical presentation of answers to the
post-test questionnaire, and correlati onal findings. Chapter 6 extends the discussion

• begun in Chapter 5, drawing conclusions and making inferences about the utility of the
types of experimentation conducted in this work. The shortcomings of the controlled
experimentation and observation technique are specifically mentioned, and suggestions are
made for further research into the relationships between the parameters of the MMI and
the performance measures. Finally, the desirability of a theory of MMI is suggested, •

par ticularly the benefits to system designers of intensive observation of potential users to
better understand those features of a given interactive system that best satisfy users ’
needs.

—
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2. RELATED TOPICS AND AREAS OF STUDY

The actual number of controlled studies -- either of specific systems and their user

I 
population , or broader theoretical stud ies of MMI -- is extremely limited, alt hough a

• number of authors express the opinion that these studies are needed. Wi llmorth [1972]
states:

Designing an information system for human use implies task analyses to
determine the human actions to be performed, the decisions to be made, and
the information required to be displayed to the human and expected from him,

I followed by the •optimal design of the man/system interface. . .Time and
• effort must be devoted to designing a well-human-engineered system.

Wi llmorth goes on to note that there is virtually no verified human engineering data
for software and suggests an experimental methodology for examining the relationships
between various versions of on-line planning systems and a set of (unnamed) perfor mance
measures or characteristics. The paper serves more as a call for ideas or research rather
than as a detailed statement of valid or useful performance measures.

I Bennett [1972] concludes that “Afte r a careful search of the major human factors

I 
and applied psychology journals. . .there is remarkably little evidence of research

• under taken for the express purpose either of increasing our understanding of

• man-computer interaction or of providing information that will be useful in the
• development of systems that are optimally suited to user ’s needs.” He identif ie’. three

areas that would benefit from human-engineering expertise: (1) conversational languages ,
. (2) the effects of computer system characteristics on user behavior , and (3) the problem

of describing, or modeling, man-computer interaction. Bennett’s main c oncern is w ith the
• - utility of the human-engineering attempt at model building and its lack of benefit to a

systems designer. He feels that there is too great a distance “between the symbolic
concepts and real-world data.” He further reiterates his call for research by noting that
early work with interactive facilities had computer eff iciency as the paramount
cons ideration, and by noting that “the experience that makes optimum usage patterns
obvious to the designer rests on a computer-oriented lore unknown to people who are not
computer professionals.” His final remark is wor th quoting in its entiret y for its clear
statement of the need of a discipline of MMI design:

Because the theoretical basis for incorporating user problem-solving
characteristics into analytical models is so rudimentary, the resulting user

• interface technology will take the form of procedural rules used by designers
to guide their creative judgment. Indeed, the challenge for research is to

• transform the current art of design into an engineering discipline by 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~•• — — •-—~~~~~~ —~~~~ -~~~~~~~~~ . . •-- •~~~~•—•-~~~~~~~~~~~~~~ . •  ___



RELATED TOPICS 5

developing an agreement on ways for characterizing user tasks, for allocating
interface resources to meet task requirements, and for evaluating user

• effec tiveness in task performance.

Specific examples of research designs, methodology and results in the MMI literature
include Wa lther and O’Neil (1974], who studied the effects of both user characteristics (for

• examp le, evaluative attitude (i.e., prior attitude towards computers), experience with
on—line systems), and program and terminal characteristics (TTY vs. CRT, flexible
vs. inflexible command recognizer). They found significant effects for terminal type and
interface flexibility, as hypothesized, but there were often significant interactions with
user experience or evaluative attitude. The utility of their work is that it submits to
experimenta l verification their hypotheses concerning the relationships between the user
and system variables of their study. Since some of their results were counter-intuitive,

• they add evidence that there is a need for carefully designed, well controlled experiments
on the relationship between user and system character istics and user performance. Their
perf ormance measures were limited only to time for task and syntax errors , and did not
include user attitudes towards the interactive system or its interactive environment. The

• specific system of their study was an interactive text editor; subjects were required to
find a~d correc t a number of mistakes in a body of text.

Hansen (1976] examined differences in performance of groups of users in solving
complex problems in on-line vs. batch environments. His study suffers from the
difficulties inherent in performing research on users of interactive computer systems in
that the extensions of the results to actual real-world environments is not always justified.
However, he concludes his work by noting “it is not necessary to predict accurately and in
detail in order to be useful. Man-machine research may be effective if it serves only to
help the designer to organize his thinking about how (users) perform, to enable him to

• distinguish those variables which are likely to be important , and to design ad hoc
• exper iments to answer specific que~ ‘ions.”

Metnyk [1972] administered a post-test questionnaire in her study of the effects of
limited (“frustrating ”) bibliographic search systems vs. a more open or free-form
(“non-frustrating”) search system. The questionnaire included items concerning keyboard

• design, keyboard ease of use, printing speed, etc.; a significant difference was found
between the responses of those who experienced the “frustra ting” sys tem and those who
used the “non-frustrating” system. There are some clear methodological difficulties in her
study concerning the nature of the differences in the “frustrating” vs. “non-frus trating”
systems, but her attempt to elicit user attitudes towards the system and its environment

• are significant. Unfortunately, there seems to be no concern for effects of subject
differ ences between the two groups in her experiments. She reports a broad range of
background and terminal experience among her subjects , but does not appear to
incorporate the necessary experimental or statistical techniques to control for these • 

-

differences. Since her work pioneers in considering the process of people using computer 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~. __



RELATED TOPICS 6

• • systems , and concerns itself with user-oriented issues , it must be viewed in terms of its
selec tion of performance and attitude measures as well as its methodology.

Others who have done experimental studies of the effects of interface parameters
upon user performance in interactive systems include Carlisle [1974 ), who was als o
concerned wi th interface complexity, and Ting and Badre [1976], who were more
concerned wi th interactive modes and their effectiveness in teaching and the subject’ s
subject ive judgment of the operational quality of the feat ures provided. lmportar itl y, the
authors believe that “the overall judgment of the usefulness of the system was taken to

• be an indication of the success of the [man-machine] interaction.”

The few researchers who have performed experimental research on interactive
systems are concerned that the user ’s view of the system is as important to the success
of a man-machine system as performance measures such as time to comp lete tasks , errors ,
cost , etc. In fact , t here is as ample a volume of work on the nature of useful performance
measures for evaluating interactive systems as there is a sparsity of actual studies
evalua ting systems. Sterling [1974] discusses the need for “humanizing” computerized
information systems and the difficulty in deciding just what that term means. Martin,
Carlisle and Treu (1973), in examining the man-machine interface in a number of
interactive bibliographic systems , note that there is a lack of “knowledge about the blend
of ingredients that produces a comfortable man-machine interface. ” Treu, in a later paper
(1975], suggests experimentation in the effectiveness of interface languages, where the
performance measure is a user-oriented one , i.e., the amount of mental work or “think
t ime ” spent by the user just before using a command.

• Thus it is reasonable to optimize systems in terms of user-oriented performance
measures. A questionnaire (see Appendix 3) was administered to the subjects of this
study as a means of eliciting their attitudes toward the system as they had just
experienced it. The post-test questionnaire data was further analyzed to determine
w hether differences in the versions of the system of this study are associated with
differences in user attitudes towards the system. Chapters 5 and 6 contain detailed
discussions of the questionnaire.

Questionnaires designed to elicit the subject’s attitudes and opinions on system
features were used by Heafner (1975) in his study of input language types for interactive
message processing tasks , and by Heafner and Miller [1976] in their detailed study of the
functions needed in a military automated message processing system.

The study of time and delays in interactive systems is presented by Miller (1968],
who lists a number of interaction modes (from first log-on through requests for lengthy
compilations) and discusses reasonable time delays for system response. The
reasonableness of a delay is based upon user expectation and the concept of
psychological closure. He does not discuss the possible effects on the user of continuous
excessive or unanticipated delays in response over a period of time. The effects of 

:::: •i~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



-, ..— - —,-,- -~~—--—--•—---•- . —-~~~
---

~
--.—— • - • -

~~~~~~~

RELATED TOPICS 7

repeated delays upon the user’s perf ormance and attitudes form the foundation of the
research reported here.

Seven, Boehm and Watson (1971] were also concerned with the effects of delays in
interactive problem solving. Their study forced users to remain away fr om the terminal

• - (locked out) for varying periods of time and discovered that total problem solving time was
• lower at some longer delay times than at lesser delays. One conclusion is that system

delays greater than a certain amount can be useful (if they are predsctabLe) in that they
may free a user to engage in other productive activities. Clearly the effects of delays on
user performance and attitude warrant further study.

The effects of the variability in the output display rate on the perfo rmance and
attitudes of users in interactive computer tasks forms part of the foundation of the
research reported here. There is a long tradition within experimental psychology of
concern with the reaction time (RT) of subjects in various stimulus/response settings. The
motivations for RT experiments varies from deep concern about the effects of fatigue and
boredom upon drivers or pilots, etc., people whose work entails long periods of potentially
extreme boredom occasionally mixed with sudden, usually unpredictable , moments when
quick reactions are required, to concern about the underlying neurological processes by
which we discriminate between differing stimuli and construct the appropriate response , as

a means of gaining insi ght into co g nitive functioning.

A number of individual studies involving vary ing stimulus and inter-stimulus times
and the associated effects on RI have found that PT increases as the variability increases.
Mackworth [1970), Mostofs lcy (1970) and Davies [1969] all present extensive surveys of
the long history of experimental work in the variables (si gnal characteristics , task
variables , subject variables and environmental variables ) which affect user performance
(generally measured in terms of response latency but also including other variables such
as physiological measures of arousal , etc.) in PT and vigilance tasks. Some of the earliest
resul ts indicate that decrements in performance occur as the variability in the inter-signal
arrival rate is increased, with the best overall performance being found with a regular

— series of events. Specifically, Maclcworth [1970] reports on experiments which examined
three levels of inter—signal variability and found that reaction time was shortest with the
minimum variabilit y. In the medium variability, the longest RI was found w ith those signals

• which followed the shor test inter-signal arrival. McCormack and Prysiazniuk (1961] used
three levels of inter-signal interval variability. They also found that the shortest mean RI
was found wi th the regular interval and the longest with the most irregular.

These authors indicate a theory of RT which involves the expectancy of the next
signal on the part of the subject. It appears that subjects perform best when the next
signal Occurs at a time approximatel y equal to the mean inter-arrival rate of all previous
signals. As the arrival of the next signal occurs significantly before or sig n i f i c a n t l y later
than this mean arrival rate of previous signals, the subject’s arousal is decreased and
response suffers.

.

~
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RELATED TOPICS 8

It is this apparent decrease in performance directly associated with increased
var iability of inter—signal arrival rate that led to the conjectures studied in this research,
that increasing the variability of the output display rate in MMI tasks would be associated
w ith decreased performance and attitude of users of the interactive system. It is clear,
however, that the operations of reading a number of messages and responding to their
content involves a greater amount of information processing than merely reacting to a
sing le stimulus and responding with a simple manual operation. It is this greater
inform ation content of the stimulu s in the tasks reported here which might lead one to

• believe that a greater level of subject interest occurs which could counter the effects of
the variability of the output. But it has been observed informally that during periods of
heavy compu ter system use, w hen the output and response times of the system are quite
var iable, that user frustration and dissatisfaction do occur. The experiments reported
here are an attempt at demonstrating in a formal manner the existence of this performance
and attitude decrement as system response variability increases.

Suitable performance measures for evaluating user performance are mentioned in a
number of the above references. Those used in this research are discussed in greater
detail in later chapters. The above references su ggested additional attitude measures to
be incorporated. One additional questionnaire item (question 15; see Appendix 3) was
suggested by Cooper (1973] who conjectured that a cold, hard cash expenditure might
prove to be a useful means of judging the utility of an interactive system. His suggestion
was modified somewhat for use in this research.

I 
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3. TIlE EXPERIMENTAL APPROPaCII

There is a need in the computer sciences for refinement in applications design in
order to optimize system and user performance. Unfortunately, the well-established
techniques that would allow designers to accomplish controlled research have not been
accessible to them for a number of reasons~ concern for “more pressing” design needs ,
lack of familiarity or experience with the techniques of experimental design, etc. As a
consequence, one occasionally sees such sta tements as “Our system is easy and natural to
use ,” in reports on interactive systems , input languages , etc. without the verification
studies to defend them.

This work develops and parameterizes a model of man-machine interaction. People
interac t with machines in different ways , and wi th different styles. We would like to be
able to predict the results of that interaction, wit h some probability of success , on the
basis of values of certain parameters of the interaction. For example, how do differences
in individual intelligence, cognitive style, training, spec ific experience with the system at
hand, or educational background affect the interaction? Mow do machine differences affect
performance? How do faster machines, higher input and output rates , and larger , more
powerful machines affect performance? In fact , what kinds of performance measurements
are useful in deciding upon the efficacy of a particular man-machine system ?

First we restrict our focus of attention to MMI where the machine is an interactive
computer system. The man in the MMS will now be called the user of the facility. We
conceive of him as approaching the system with the intent of solving a problem which
could be a mathematical task or an information request , etc. We may further assume that

- 
I the interaction is iterative in nature, i.e., through some initial interaction with the system,

the user develops a partial solution to his problem, and this partial solution is used to
converge upon a better solution to his problem.

We see the MMI as a joint effort between user and machine towards a final state
objective. This objective need not be clearly perceived by the user before interaction
begins, and may change during the course of the interact ion. (See Figure 3-1.]

The figure is meant to imply that interaction moves to wards an objective , and that
changes in the perception of the objective are fed back to the system, w hic h in turn may
cause the objective to change. - 

•

— 
. 
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Figure 3-1, Schematic diagram of man-machine interaction

TIlE MODEL

• We have a performance measure, P, which we would like to maximize in the MMI. P
may be a set of measures P — (p 1 I i~ lr..,n), cont aining values such as CPU time , memory,

cost , time to complete the interaction, user satisfaction , f rustration, etc. As described in
the introduction, this work focuses on the user-oriented performance measurements
described in detail below.

• We describe P as a function of various parameters of the system:

- 
~~ P

i~

• where the p,’s are values of the parameters, f a function of the P ’~ 
The p1’s relate to

the man side of the MMI, and the machine side as well. Thus:

P — f (u 1, ~~~~~~ ; m 1, m2P..,mk),

where U — {u
~
} is the set of user (man) parameters , and M — {m~) is the set of machine

par ameters. Some examples of these parameters have been mentioned above.

The function f may take a number of forms. One simple form, f or which a grea t deal

of analytical power is available, is a linear function. In those cases where it is believed
that the relationship is in fact non-linear, suitable transformations may often be used to
make the linear techniques appropriate. If f is a linear function of U and M, then

P — ZalJk,uk m1~ k,l—l r..,kmax, lmax, respectively
i,j—O~..,infinity

P is a functi on of the u’s, the m’s, their higher order powers, and their cross products
(interactions ). The model is refined and simplified below.

• ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~-~~~~
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This work is directed at selecting suitable u and m parameters, and testing the effect
on performance of changes in these parameters.

A problem occurs: once we have selected u and m parameters that we believe affect
performance, how do we demonstrate that this is in fact the case? Put another way,
suppose we fix all values of U — (u

~
} and M (rn ), except one, some parameter p. We

then observe a number of different people interac~ing with our system , each perhaps with
a different value or level of p. We would expect performance to differ , and we take our
measurements and observe differences. The problem is to decide whether these
observed performance differences came about because of chance fluctuations, because of
some changes in other factors which we did not keep constant , or as the result of changes
in the parameter p. Additionally, the relationship between the parameter and the
performance measure may be non-linear, so that the linear model is not sensitive to the
relationship.

The performance that we predict as a function of this one var iable, p, is conditioned
upon the fixed values of the other U and M parameters. Tius P — F(p I U, M). For the
purpose of this research, as described in the introduction, we will assume fixed values of
the ui’s. The value that we predict for P beco mes a functio n of the machine parameters
(M), conditioned upon fixing each of the user (U) parameters. Thus: P — f(M I U), or to
shorten, P — f U(M), where f

~ 
is a function which depends on the specific values of the U

parameters , and may be different for other values of (he U parameters. This issue of the

• generalizability of the results is discussed in greater detail in Chapter 4.

We will attempt to construct ~ in such a way as to minimize the error in predicting P
from the values of the parameters. The (unction is constructed from the set of observed
pairs, (P

~
,M,), such that for each paIr we calculate the predicted performance P’, and an

• error, e,.

• f” i — 

~u~ i) Predicted performance

Pj — 

~~~ 
+ e1, Actual performance

ci —

Our criteria for constructing f include one that a function of {e
~
) should be minimized.

The choices for this function of the errors include one such that the maximum error is
min imized , over all possible f’s as defined above. This “mini-max ” solut i on leads to

Chebyshev approximations. Since our data may contain “noise” or “out liers ,” this

• approximation is not useful here, since our choice for f would be inordinately influenced
• • by highly random or noise effects. Another choice might be to minimize the absolute

value of the errors , or the square of the errors. For consistency with the experimental

_ _ _  _ _ _ _ _ _
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literatu re (Winer , 1971), our criterion will be to minimize the sum of the squares of the
errors , or the least squares solution.

CONFIDENCE INTERV/JL S

-
; It is necessary to know whether the solution represents merely chance fluctuations in

the data, or is descriptive of underlying processes. Unfortunately, this question cannot
• be answered with certainty. The best that can be done is to assign a probability value or

confidence interval to the solution. For example , in testi ng the performance of each of
two groups in an MMI task , where the two groups receive different values or levels of one
of the parameters , a confidence rating may be assigned to the observed performance
differences. It might be possible to say that an observed difference as large as or larger
than was observed would be expected to occur as the result of random fluctuations only,
between two otherwise equal groups, only p per cent of the time. The levels of p at
which we would be willing to agree that the observed difference is not the result  of

random fluctuations depends on the nature of the experiment , the cost we place on
erroneous interpretations, etc., but historically a level of 1 percent or 5 percent has been
used.

TIIb. P/JR/JMETERS

It is possible to select from a large number of parameters those which would be
expected to affect user performance in an MMI. Previous research (see Chapter 2)
indicates that those below may be expected to have a significant ef ’ect on performance.
Furthermore, the variable “Output Variability ” has implications for designers of time-shared
interactive systems who are interested in allowing the largest possible number of users

• access to the system.

4 J n dcprn de~ii Variables
(1) Output Variability (var)

Two levels: Low vs. High
• -; (2) Mean Output Baud Rate (Baud)

Two levels: 1200 baud vs. 2400 baud
(3) Output Volume (Vol)

Two levels: c 1000 chars. vs. ‘1000 chars.

Dependent Variables
(1) Time to complete task
(2) CPU time
(3) Keystrokes used
(4) Post-test questionnaire (attitude survey)

~~~~1•: ~~~~~~~~~~~~~~~~~ ~~~~~-~ — ~~~~~~• ~~~ .~~~~~ •, . -
~~~~~~~~~~
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These dependent variables will be loosely called “User Performance ,” or P.

• Thus the model becomes:

P — f(v 1, i—1 ,... ,n)

The linear model underlying multiple regression (or analysis of variance) implies that
______ P — L(v

~
, i—1,...,n), where L is a linear function of the v1’s, or their products. If we use the

three independent variables indicated above, each at two levels, the linear model reduces
to:

P — a0+a 1v+a 2V+a 3B+a4vV+a5vB+a6VB+a7vVB

where v represents the output rate variability, V the output volume and B the output baud
rate. The statistical or experimental model used to test the effects of v and V on P will be
a 2 x 2 x 2 factorial design (Figure 3-2 presents a simplified version).

UJ 2400

~~ 1200

LOW HIGH
OUTPUT VARIABILITY

Figure 3-2. FactoriaL design.’ 2400 baud and 1200 baud vs. low and high variability

Repeated measures design was used as a means of reducing the between-subjects
• variability and to extract a maximum amount of useful information with a minimum number

of subjects.

Figure 3-2 represents the possible combinations of system (independent) variables
tested. Each “cell ” of this factorial design represents one of the conditions, 1200 baud,
low output variability; 1200 baud, high output variability; 2400 baud, low output variability
and 2400 baud, high output variability.

__________ _ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~
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• Each subject in the experimental sessions is randomly assigned to one of the four
conditions of the experiment. For each subject in each of the cells , a number of
performance and attitude measures are taken as described above. The relationships
studied in this research concern the performance and attitude differences between the
subjects in the various cells of the factorial design. Specificall y, it is conjectured that
subjects experiencing the high variability versions of the system will show poorer
performance and have a lower attitude towards the system than those experiencing the
low output variability versions. Similarly, it is conjectured that those experiencing the
1200 baud versions of the system will have poorer performance and attitude towards the
system than those experiencing the 2400 baud versions. A graph of performance
vs. output variability for both the subjects experiencing the 2400 baud and those
experiencing the 1200 baud versions would look like Figure 3-3.

LOW HIGH

OUTPUT VARIABIL!TY

Figure 3-3. Hypoth.tscal graph of performa nce vs. output variability
fo r 1200 baud and 2400 baud versions

Classical analysis of variance (Winer, 1971] provides a framework and statistical model
by which the separate and combined effects of the independent variables upon the

• performance measures may be tested. Specifically, given the observed differences in the
cell means in the 2 x 2 x 2 factorial design, we attempt to dete rmine whether these
differences are the result of chance or random fluctuations in sampling where the
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population means are actually identical , or are in fact different. Since our subjects are
sampled from a larger population of interactive computer system users, the best we can
do is make a probability statement concerning the observed differences, i.e., that observed
differences as large as or larger than we actually obtained would be expected to occur by
chance only, in otherwise equal populations, only p per cent of the time. The general
linear model, of which classical analysis of variance is a special case, offers a procedure

• 
•
~ by which we may test the observed differences and determine the pr~bability p described

• above. Historically, a level of 1 or 5 percent is selected as a priori levels for which we
• would be willing to accept or reject the hypothesis of no population differences.

The general linear model states that an observation or measurement upon subject k in
cell i,j of an n x m factorial design can be described in terms of the separate effects of the
overall mean of the measurement variable, the main effect for the first factor or
independent variable, the main effect for the second factor or independent variable, the

• joint effect of the two of them combined, and an error term not accounted for by this
linear model. Thus,

Xij k — M + a 1 +b 3 +ab 13 +C ijk

where X,,k is the observation (measurement) of subject k in cell i,j; M is the overall mean
of the dependent variable; a1 is the effect for variable A at level i; b~ is the effect for
variable B at level j; ab 11 is the joint effect for A at level i and B at level j which cannot be
accounted for by the separate effects of A and B (the interaction effect), and e

~Jk is the
error or residual in predicting X i jk  from the separate linear effects of A, B and the
interaction. It represents all uncontrolled effects in the factorial design and may include
higher order (non-linear) effects of the independent, variables.

Classical analysis of variance provides the statistical tests necessary to test the
separate effects for the independent variables and their interaction upon the performance

~: measurement. We may define the within-cell variance to be the average variance within
each of the cells of the factorial design:

~~within — ~~ (x~ 
- X)2 / (n - 1)

• where x1 is an observation from a given cell, X is the mean of that cell, and n is the
number of observations in the cell. In this case , we assume that n is equal for each cell,
and that the variances for each of the cells are equal. Since the linear model above
defines the observation within a cell as a unique combination of the A effects , the B
ef f e c t s , the interaction effects and the uncontrolled or error effects , all observations
w ithin a cell would be equal if there were no error. Thus, we equate the within -cell
varia nce, MSwIthin~ 

to the error term in the linear model. We define the mean square due
to the main ef f e ct f or f a c tor A by

USa — nq Z (A
~ 

(bar) - U)2 / (p - 1)



THE EXPERIMENTAL APPROACH 16

where n is the number of subjects per cell (assumed equal), q is the number of levels of
the second independent variable (B), p is the number of levels of the first independent
variable (A), A1 (bar) is the mean of A at level i, and U is the overall mean of the
dependent variable. We define the MS due to the main effect for factor B analogously.
Finally, the MS due to the interaction between A and B is defined by:

US ab — n XZ (AB1~(bar) - A
~
(bar) - B1(bar) + U)2 / (p-lXq-1)

where the terms are as defined before, AB
~
.(bar) is the mean of cell i,j, and the double sum

is taken over all of the p x q cells of the factorial design. In a 2 x 2 design, the
denominator reduces to 1.

The hypothesis of no effects for any of the independent variables on the performance
measure is equivalent to stating that the means of all the cells are equal. This is
equivalent to stating that MSbetween — USwithin~ 

or equivalently, MS between/ MSwithin —

1.0. When A and B are fixed factors (the levels of each in the factorial design represent
all of the levels to which generalizations will be made), tests planned before the data are
obtained may be made by use of the F statistic, F — MScomparison /MSwithj fl, wit h a

sample distribution given by the F distribution at 1 and pq(n-1) degrees of freedom.

H
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The experimental design used to test the effects of the variables of this study on
the perf ormance measures was a 2 x 2 x 2 factorial design, with repeated measures on
each subject across the two output volumes. A diagram of the factorial design is
presented below (FIgure 4-1). The levels of the independent variables selected f or this
study were

Output baud rate 1200 2400

Output rate variabi lity Low High

Output volume <1000 chars. ‘1000 chars.

— 

~~ 24OO 

_ _  7
-0,

-~~~~~~~~~ ~~ 120O

LOW HIGH
OUTPUT VARIABILITY

FIgure 4-1. 2 s 2 s 2  f actorial design

The performance measures used in this research hav, been described in the
• previous chapter. It is not initially clear just where the f ocus should be in order to

improve the performance of an MMS. For example , tradeoffs are required whenever it
• becomes n.c•ssary to optimiz. one part of an interactive system. In general, increasing

the output display rate requires either a more powerful processor or a limit on the
number of users who may simultaneously use the int•ractive syst em. B yond a limit in

—
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the display rate , further attempts to increase the speed of output, with a given CPU and a
given number of users, leads to noticeable degradation in system performance; in
particular, totsl time to solve a problem, perform a compilation, etc., is increased. Even
though the nominal output rate is increased, the actual output rate is decreased, since the

r processor can in general service only one terminal at a time, then must service others
before returning. This leads to a high variability in the output display rate, with
characters being displayed in bursts of variable length , and with a variable time delay
between bursts.

One of the conjectures tested in this research is that this variability in the display
rate is associated with a decrease in user performance in interactive problem-solving
tasks , i.e, even when the nominal and actual display rates are similar, the variability alone
would lead to reduced performance. Furthermore, it was conjectured that people who use
a heavily loaded system (i.e., one with a great deal of variability in output display rate)
would have a poorer overall view of the entire MMS and its environment. The post-test
questionnaire represented an attempt to measure subjects’ attitudes towards the entire
MMS as they had just experienced it. Detailed analysis of the questionnaire is presented
in the next chapter.

The selection of performance measures used in this research followed from the
above considerations. In particular, the total time to complete the tasks and the number
of functions used (keystrokes) in completing the tasks would give a gross indication of
user performance in problem solving. Other measures reflecting user performance
included number of errors made, help requests, use of references, etc. Number of errors,
however , was not used for these experiments , since the subjects were instructed to work
on a task until they were satisfied of the correctness of their response; thus the number

• of wrong answers on any given task was virtually zero. Similarly, CPU t ime used in
• completing the tasks gives a gross measure of computer performance. Other

machine-oriented measures might include measures of memory access, disk access, memory
• management time, etc., but these are partiall y reflected in the total CPU time used.

Furthermore, the emphasis was on examini ng the relationship between the independent
(display) variables and the user-oriented performance measures.

~
•
: ~I

THE SYSTEM

The system used to test the influence of the independent variables on the
- , performance measures is an interactive message retrieval system in use at the Information

Sciences Institute and other locations. It works on unstructured but formatted text files
• which conform to a standard message format. The program is regularly used by a number

of users of the ARPA computer network and is routinely used by all of the subjects of
t hese experiments. The subjects required essentially no additional training. This system
has been modified to permit performance measurements to be taken on-line. Further
modifications were made to the program in order to mold it to the simulated travel
depar tment env ironment of this stu dy.

• 
• •  
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The data base consisted of approximately 200 travel request messages (see
Appendix 4 for examples of messages from the data base). The messages were generated
by a SAIL program (Smith , 1975; VanLehn, 19731 using a random number generator to

• select names of travellers , dates of travel and return , “fellow travellers” and destination
cities.

Each message consisted of the following fields:

To: All were to the Travel Department

From: The name of the individual requesting the travel. In all cases, the person sending
the message was requesting travel for himself, and up to three additional people.

Subject: Consisted of the word “Travel,” followed by the destination city and the date of
intended departure. This field was accessed as the “Destination or Date” field. It
corresponds to the “Subject ” field in the standard message format.

MessAge body: All messages were worded as follows:
Please reserve a seat (or N seats if more than one person travelling, where N is the
total number travelling] to <destination> on <date of requested travel> for me (if
more than one,

Second traveller
Third traveller

• Fourth traveller]
RETURN: <date of return, or OPEN’
Thanks

The program consisted of the Main, MSG and Questionnaire modu les.

The Main module initiates the experimental session. The identification of the
subject is entered, and the values of the parameters for the subject are generated. The
system returns to this module after all tasks are completed.

The MSG module is the modified message processing system. Subjects are
instructed to assume that they are a clerk in the travel department of an organization.
The system has been modified so that commands to the system relate to the types of
requests which might be made of a data base of travel messages. These include
commands that allow the user to search on Date of requested travel, Destination city or
Name of traveller. The system allows complex boolean search requests combining parts of

• the message normally available for searching.

The usual result of a search is a listing of just the headers of the messages
satisfying the search request. From these headers, the user may specify the exact

• message or messages to be displayed on the screen. If the user has reason to believe 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~-—-~ -~~-~~~~~
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that the selected messages will not be too numerous, or knows that he will want to read
• 

• all of the selected messages, he may have the system immediately begin typing them on
the screen rather than first displaying the headers.

The comm and structure uses single-letter commands. For example, to see those
• • headers of messages where the requested date of travel was in April, the user would type

-• 

H D April

- I The system would echo back what he had typed by completing the command, and the user
would actually see the following on his screen:

Headers Destination or date string: April

After a period of time during which the system is searching the entire data base and
• selecting just those messages which have the word April (case-insensitive) in the Date of

Travel string, the headers of those messages would be typed out.

The Questionnaire module administers the post-test questionnaire to the subject
(see Appendix 3), maintains the file of answers, and includes the screen editor for the final
open-ended question.

THE SUBJECTS

The subjects used for these experiments were members of the professional and
secretarial staff of ISI. In order to minimize training time and to better represent a
population of experienced interactive computer users, subjec ts were taken f r om those who
had already had some experience in using the system. Though most users of interactive
computer systems do require training and experience with a particular system in order to
reach maximum efficiency, the learning and adaptive phase represents only a very small
fraction of the total time in which they will be interacting with the system. To use

- subjects who have not reached full familiarity with the particular test system leads to the
problem & confounding learning effects with performance effects.

‘-H• Subjects for this study represent a population of experienced interactive message
search and retrieval system users. Though this population has been sampled only within

2 the confines of a research institute environment, the broad cross section of subjects for
this study -— male and female, professional and secretarial -- leads to the conclusion that
this sample is representative of the types of people who might use interactive search and
retrieval systems In other environments. Such individuals might include, but are not •
limited to, librarians or other users of interactive bibliographic systems, airline
reservations personnel, hotel reservations service personnel, users of data base

• 
• 

management or retrieval systems, etc.

c

~~~~~~~~~~~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~“ ~~~~~~~~~~~~~~~
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Subjects were randomly selected from the entire ISl staff. The only requirement for
• participation (other than volunteering) was that the subject use MSG, the message

processing system modified for this study, on a regular basis. The fac torial design
necessitated approximately ten subjects in each of the four cells of the design.

• Approximately 40 subjects were needed for the experiment. Due to system difficulties,
however, the number of actual subjects was 9 per cell, a total of 36. Each subject was

• assigned to one of the four cells by a random number assignment procedure internal to
• the initialization routines. After approximately ten subjects , an attempt was made to

weight the cell assignment so that the number of subjects per cell would be equal. Most
• importantly, however, subjects were assigned to baud and output variability conditions

without regard to whether they were male or female, members of the secretarial or
professional staff , without regard to time of day or current system loading. Some attempt
was made, however, to ensure that no one cell contained all of the females, or all of the

• professional staff , etc.

PILOT STUDY

A pilot study was conducted prior to the main research effort reported here. It
allowed for an initial testing of the relationship between the machine-oriented independent
variables and the performance measures. It demonstrated the desirability of including
output baud rate as an additional display variable, both because of its intrinsic potential
effect upon user performance and also because of the potential confounding effect
between output variability and actual display rate.

The pilot study afforded an excellent opportunity to refine both the experimental
design and the physical design of the sessions. In fact , a “pre ” pilot test was conducted
using a small subject sample in order to iron out problems that subjects might have in the
use of the Travel Message System. The experience gained in the pilot study made the
main experimental sessions relatively free of the need for experimenter intervention. This
was not entirely the case during the pilot study.

• Data analyses were accomplished on the data taken during the pilot study, and they
• 

- made it possible to refine actual statistical procedures accomplished on the main
experiment data. The results of the analyses of the pilot study data strongly agree with
the results obtained in the main study. The pilot study provided initial support for the
validity of the conjectured relationships between the display variables and the
performance measures.

EX P E R I M EN Ti IL  SETTING

The experiments were conducted in an office at lSl during normal working hours
(see Figure 4-2). Subjects were brought into the experimental setting one at a time. The : -



METHODOLOGY 22

inal

Table

Subject

Experimenter

F~gw. 4-2. Experimental arrang ement

room contained the usual 151 office furniture, including a Hewlett-Packard 2640A CR1 and
keyboard (HP), the computer terminal which all participants in the experiments ordinarily
use for a large part of their daily activities, and a table with answer sheets for writing
responses to the series of tasks to be performed. The HP includes a 24 line by 80
character (5 inch by 10 inch) rectangular CRT display and a separate keyboard attached to

• the display by a connecting cable. The normal display rate is switch-selectable from 110
baud to 2400 baud. At ISI, terminals are used at the 2400 baud rate (approximately 240
characters per second). To simulate the 1200 baud display rate used in these
experiments, each line of output was interleaved with “null” charac ters, which produce no

4 output on the screen, but have a bit string and are handled as an ordinary character , in
order to Increase the display time for a given output string by a factor of two.

As the subject entered the office, he or she was given a set of instructions on the
use of the system as well as the answer sheets for writing the answers to the tasks.
(See Appendix 1 for the instructional materials given the subjects and the instructions
read them by the experimenter.) The subject was invited to sit down in front of the
terminal and was read the instructions by the experimenter. After being advised of his or
her right to leave at any time, the subject was given an additional brief description of the
nature and intent of the research. Subjects were then told that the first two tasks were

• sample tasks , and that they could use their time working on them to become familiar with
the new commands available In the Travel Message System that are not included in the

I .- —• __-_
~
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usual ISI version of MSG. They were also told that no data was being taken during the
sample tasks, but that during later tasks, data would be taken on line, and that they were
to work as quickly and efficiently as possible.

They used the time on the sample tasks to experiment with commands in the system
which they might not ordinarily use in their routine, day-to-day message retrieval
procedures. In particular, most do not use the Multiple search (boolean) requests on a
regular basis; the sample tasks allowed them the opportunity to refresh their knowledge of
the operation of the boolean search requests.

For each of the sample tasks, and each of the actual tasks, the task question
• appeared in a reserved area at the top of the screen, where it would remain until the

subject pressed the “N” key to go to the next task. All requested output would then
appear below the reserved area and would scroll in the normal manner. Figure 4-3
indicates the way the screen looked to the subject with the f irst sample task description in
the reserved area, and sample output in the working area.

Each task required the subject to read or count a number of messages and write the
appropriate information on the answer sheets provided. Because subjects had a good
deal of familiarity with the system in their daily use, they required little help in the use of
the system during the experimental session. The experimenter was available to provide

Si) HOW MANY REQUESTS WERE MADE TO THE TRAVEL DEPARTMENT for travel to San
Diego? Follow the instructions on the answer sheet to answer this question.

<- headers destination or dat. string: san diego

8 Larry Miller Travel, San Diego, April 2, a.m.
• 11 Jane Doe Travel, San Diego, March 26 p.m.

24 Larry Miller Travel, San Diego, March 25 a.m.
• 39 Alan Schwartz Travel, San Diego, May 26 am.

46 T. Smith Travel, San Diego, May 15 am.
• 51 John Wilson Travel, San Diego, March 16 p.m.

• 
• 

55 Sim Farar Travel, San Diego, March 13 p.m.
57 Alan Schwartz Travel, San Diego, Feb.13 p.m.
69 Alan Schwartz Travel, San Diego, Feb.26 am.
81 John Wilson Travel, San Diego, March 20 p.m.
90 Bob Wilson Travel, San Diego, June7 p.m.
92 Bob Wilson Travel, San Diego, March 17 p.m.
97 David Simpson Travel, San Diego, March 11 p.m.
101 Sim Farar Travel, San Diego, April 2 am.
122 Sim Farar Travel, San Diego, June 8 p.m. •

130 David Simpson Travel, San Diego, Jan. 21 am.
137 Larry Miller Travel, San Diego, May 10 am.
i55 Bob Wilson Travel, San Diego, Feb. 11 am.

Figure 4-3. TraveL Message System display after completing f srst samp i. task

_________— -__ -~~~~
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help on the use of the functions if the subject requested it. Essentially, the exper imenter
simulated the help function normally available in MSG. The usual help facility, however,
was not made available during these sessions because of programming peculiarities.

After the subject completed a task and was satisfied with his answer , he pressed
the “N” key to go to the next task. After all of the tasks were completed, the instructions
for the post-test questionnaire appeared on the screen. The subject completed the

• questionnaire, including an open-ended question which allowed him to express his general
comments on the system and, in particular, to comment on any areas about which he might
have felt strongly but which were not adequately covered by the previous questions. In
particular, though it was not a part of the variables of this study, this final question
offered an opportunity for subjects to express their ideas on ways to improve the system
far the kinds of tasks performed in this study.

Each subject’s total time in the experimental session varied with the particular
combination of independent variables experienced; the average was about 1 to 1-1/2

• hours.

A brief comment is in order at this point on the effect of a heavily loaded system
upon the subjects. For a number of the subjects in the high variability versions of the
system, the experiment was not entirely pleasant. Many of these subjects felt, and rightly
so, that the system did not provide an adequate range of functions to efficiently work the

• tasks. These opinions are mirrored In the responses to a number of the questions in the
post-test questionnaire; these are discussed in greater detail in the next section.

• However, it is useful to point out that it is in a heavily loaded system that the inadequacies
become noticeable and burdensome. It appears that it is necessary to stress a system in
a reasonable operating environment in order to better perceive its usefulness and its
shortcomings. A further discussion of this point is made in Chapter 6.

DATA ANALYSIS

Subjects were randomly assigned to one of the four conditions of the factorial
design, as described above. The theoretical basis for analyzing the relationship between
these independent variables and the performance measurements of this study were
described in the previous chapter. The factorial design, with repeated measures on each
subject across the volume levels, lends itself to analysis by the classical analysis of
variance methods. Analysis of variance provides a means of partitioning the total variance
in the dep.ndent measures into that which can be accounted for by differences in the
independent variables (as well as that which cannot be accounted for by these
differences ). Th. ratio of the between groups variance to the within cell variance 

• 
•

provides a ut of the probability that the observed differences between the means of the
cells in the factorial design are due to chance differences only.

f 
‘ I
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Th. analysis of variance provides a means of testing for the main effects and the
interactions as described above. Specifically, analysis of variance was used to test the
effects of the independent variables upon the performance measures separately. Three
separate analyses were required to test the effects on the time to complete the tasks, the
CPU time used, and the number of functions used to complete the tasks. The data was

• analyzed with the performance measures totalled for the entire session, for low and high
• volume tasks.

The analysis of the data o! these experiments involve the classical analysis of
variance for differences in the main effects (main effects for output variability, output
baud rate, output volume), and for the significance of the interaction effects. Classical
analysis of variance does not provide the mechanism for testing the significance of the
effects of a group of independent variables upon a group of dependent variables. Put
another way, if the dependent or performance measure is viewed as an n-dimensional
quantity, then multivariate techniques are necessar y. The analyses carried out on the
data of this study includes multidimensional analyses of the relationship between the
independent variables and the n-dimensional performance measures; the results are
detailed in the next section. Specific methods used were a multidimensional analysis of
variance to assess the effect of output variability alone on the n-dimensional performance
measures, and canonical correlation, to assess the relationship between the two sets of
variables.

• 
VALIDITY

• Internal Validity

Campbell and Stanley (19633 and others provide a framework within which the
necessary control on the experimental design may be exercised in order to better assure
internal and external validity. Specifically, internal validity refers to whether observed

-

. changes or differences between groups may reasonably be ascribed to changes or
differences in the independent variables of the study. The possiblity of uncontrolled,
unanticipated, or unknown differences between the groups in the experimental design must
be considered whenever an experimental design is analyzed. Following is a list of eight
extraneous variables identified by Campbell and Stanley which, if not controlled for in the
design, may produce effects which are confounded with the experimental variables.

1) I4STORY--Specifw events occurruig between te tsng Sn addition to the exper imental
variables.

Not applicable , since the design of this study did not invo lve a test , re-test situation.

2) MATURATION--P,.cess.s within subjects operating as a f unction of the passage of tune
(fatigue. hwspr . boredom, etc.).

I.
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The experimental session was short enough and involved types of tasks sufficiently
• similar to what subjects perform in their usual work that fatigue and hunger effects

are not reasonable. Boredom was a problem with some of the subjects in at least
one of the experimental conditions (high variability coupled with 1200 baud output

• rate). However, this change in the subject’s attitude, from interest to boredom, was

considered to be of importance in evaluating the subject’s overall response to the
• system and its er~ ronment. Thus, though boredom itself was not measured

directly, its consequences -- as indicated by the answers to the post-test
questionnaire -- were of interest.

3) TESTING--The effects of testing upon subsequent testing.

For those subjects who were involved with the pre-test , there was a sufficient
amount of time between testing sessions (approximately four months) so that they
approached the sessions with no appar ent carry-over effects. In any event,
subjects were assigned randomly to groups in the design, so that there appears not
to have been any select ion bias. See item 6 below.

4) INSTRUMENTATION--Changes in obtained measurement due to changes in instrument
calibrat ion, or changes in the observers or judges.

All data was taken on-line. Specifically, the timing measurements, CPU time used,
and count of keystrokes was compiled internally by the program. Also, the

• post-test questionnaire was administered on-line: subjects typed their answers Into
the machine and the answers were written to a file by the program.

5) STATISTICAL REGRESSION--Also known as Regression Towards the Mean. When groups
are selected on the basis of extreme scores on a p re-test, we expect, regard less of an,’
treatment differences , that each will re-test closer to the initial mean.

• • The subjects were not selected on the basis of any pre-test. Each subject was
• randomly assigned to one of four experimental groups at the beginning of the

• session.

6) SELECTION--Bias resulting from differe ntial selection of subjects for the experimental
groups.

Random assignment of subjects to treatment groups is an effective way of avoiding
the Selection bias. By having the computer assign the subject to an experimental
group, experimenter bias in the selection was avoided. To further reduce the
possibility of having all of the females in one group, or all of the secretaries, etc.,
some attempt was made to balance the distribution of identifiable subject categories

• amongst the four comparison groups: male, female, secretarial, professional. •

— . — ~-. —--— ~
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7) EXPERIMENTAL MORTALITY--Differential loss of subjects f rom the experimental groups.

Two subjects were lost, in that their data was invalid due to system difficulties.
This problem in internal validity, however, is of greater concern in a test, re-test
situation. No data is included in the task data or the analysis of the post—test
questionnaire of those subjects who were unable to complete the session. Subject

• mortality is of concern also, when the reason for subjects dropping out is loss of
interest, low scores, etc.

8) SELECTION-MATURATION INTERACTION -- Interaction effects between any of the above
variables, which nsa, ’ be mistaken fo r else effects of the experimental variables.

This confounding effect is again of greatest concern in test , re-test designs.

Other sources of error which may have an effect on the validity of the experimental
design include experimenter bias, reactive measures effects and rating errors. Attempts
were made to control for each of these. In particular, to control for differential effects of
experimenter bias, a consistent set of instructions was read to each of the subjects.
Though the experimenter could determine the experimental group to which the subject
was assigned, he was careful to maintain a non-obtrusive attitude towards all subjects.
Because the session was essentially self-paced, little or no experimenter intervention was
required or necessary, except for those specific cases in which the subject requested
help. In such cases, the experimenter attempted to simulate the normal help facility
available in the message system.

Rating errors were not a factor in these experiments, since all data was taken
on-line. A more serious source of error was the effects of the experimental environment

• per se on the subjects. In particular, the possibility of guinea pig effects -- whereby the
measuring and testing process itself, with the subject in an environment involving an

observer -- changes the respondent and biases the results. However, since subjects
were assigned randomly to groups, and the potentiality of guinea pig effects applied

- • equally to all subjects, one may conclude that there would need be a selection,
environment interaction for the guinea pig effect to influence the comparisons between

• treatment groups.

The same problem exists for role selection effects , where a subject may assume a
role different from his natural behavior in situations similar to, but outside, the research
setting. Consistent instructions to subjects, including the statement that the tasks are not
meant to be a test of individual performance, but rather of the performance of the total
man machine interaction, help to minimize this source of error. There is no doubt,
however, that the use of reactive measures, an environment with an observer and a known
test situation, may bias the results of this research. To the extent that the groups
experienced essentially identical experimental environments, except for the differences in
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the independent variables, one may reduce the consequences of reactive measures. The
desirability of controlled observa ion, similar system parameters , lack of distractions, etc.,
make the reactive measures design seem the appropriate one. It would be useful in future
research to be able to take the measurements unobtrusively, perhaps by gathering timing
and other data on-line in the daily activities of users of a particular programming system.
Instrumented versions of interactive programs are not uncommon. The difficulty, however,
is in controlling the working environment in order to make useful interpretations of the
data gathered and to provide meaningful controls so that useful performance comparisons

• may be made.

External Validity

F actors influencing the external validity, or generalizability, of the research may be
broken into two categories: those factors which relate to the population from which the
subjects were sampled , and those which relate to the realm of interactive computer
systems , of which the Travel Message System i~ one example. In fact , of course, the two
concerns are similar. The subjects for this study were selected from the staff at ISI. At
the lowest level, one may say that they are representative of the members of the ISI staff
who have had experience with MSG. It is reasonable to conclude that there is nothing
unique aboi~t the hiring practices of lSl, or the use of MSG, that would forbid a
generalization of the subjects to a larger group. A better description of the population
from which the subjects were drawn would be those who use interactive computer data
base search and retrieval programs on a regular basis, where the interaction device is a
1200-2400 baud CRT and keyboard. Subjects who utilize slower TTY (down to 110 baud)
de~iices as their usual means of interacting with a machine may have different expectations
of the speed and variability of the computer output. As the cost of mechanical devices
such as rTYs increase, and the cost of CRTs decrease, more and more interactive computer
users will involved in program development, text editing, or other non-search or
retrieval-oriented tasks may similarly bring a different set of expectations to the
interactive environment.

L 
_ _ _ _



5. RESULTS

• Subjects were randomly assigned to one of four groups in the facto rial design
described in the previous section. As indicated below , these groups are 1200 baud, low
Output variabili ty, 1200 baud, high output variabil ity, and 2400 baud, low and high output
variabili ty (see Figure 5-1).

~~2400

~ 1200 
A~~~~ 4~

LOW HIGH
OUTPUT VARIA BILITY

Figure 5-1. 2 x 2 x 2 factoriaL design

In additi on t o the two independent variables, baud rate and output variabilit y, there

was a third variable, output volume. Subjects we re measured at more than one volume
level. The final experimental design, as discussed earlier, is a 2x2x2 factorial design, wit h
repeated measures on one of the factors (output volume).

One of the reasons for using t he repeated measures design is to reduce the

• within-cell or error variation. Another reason to use this design is economy of subjects.
Though there exists the possibility of confounding main effects with subject differences in
the mixed design utilized here, random assignment of subjects to groups leads one to
reject this possibility [Winer , 1971]. In the simplified design below (Figure 5-2), any

observed differences in the criterion (dependent) variable across A could be ascribed to
either the effect of A upon subjects or the consistent differences between subject group
Gi and subject group G2.

________  ________________________________  ____________________________
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01 Gi

A

02 G2 G2

b1 b2
B

Figure 5-2. Simplified repeated measures design

Because of random selection of subjects, we will ascribe any differences across A to
be A effects rather than subject difference effects.

ORGi] NJZ/J T!ON OF SECTION

A brief discussion of the organization of this section is in order. First will be
presented the results concerning the series of tasks that the subjects performed. These
support the following conclusions:

CONCLUSION I
There is a significant effect for output variability on user performance.

CONCLUSION 2
The effects of changes in the output rate on user performance are not significant.

CONCLUSION 3
There is a significant effect for output volume on user performance.

CONCLUSION 4
There is a differential effect for output variability on performance at different volume
levels. At high output volume, the effect of increased variability is greater t han at l ow

volumes.

CONCLUSION S
Those subjects experiencing the 1200 baud, low variability version of the system

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
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performed significantly better than those experiencing the 2400 baud, high variability
version.

These conclusions and supporting data are presented below;

Secondly will be presented the results of analysis of the post-test questionnaire.
These results support the following conclusions:

CONCLUSION 1
Those subjects who were in the high variability conditions had a significantly Doorer view
of the interactive computer system and its environment than those in the low variability
conditions.

CONCLUSION 2
There is a significant differential (interaction) effec t between variability and output display
rate upon the user’s view and tolerance of the system.

CONCLUSION 3
There is a significant difference in the user’s attitude towards the system and its
environment between those who received the low variance, 1200 baud version, and the
high var iance, 2400 baud version.

CONCLUSiON 4
There is no significant difference in the user’s attitude towards the system and its
environment between those in the 1200 baud version and those in the 2400 baud version.

CONCLUSION S
• Those subjects who felt that the system was too slow, or too variable in response, were

also less satisfied with other (non-manipulated) features of the interactive environment.

T,JSK RESULTS
4

Data was pooled across all 11 tasks. Additionally, tasks were divided into ones
requiring low output volume and those requiring high output volume. The task with the
median output volume was eliminated in order to further enforce the high-low dichotomy.

The main  conclusi on, tha t there is a significant effect for output variability on user
performance, is supported, pc05, across all volume leveis. Analysis of variance summary
tables for the repeated measures design, with repeated measures across the two volume

• levels (Table 5-1), appear below, and support this conclusion.

• - • . - .

~
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TABLE 5—1 (a)
ANALYS I S OF VARIANCE SUIIIIARY TABLE

(Independent Var i able: Total time in seconds to complete tasks)

SOURCE SS df 119 F p

Var ia b i l i t y  1378340 1 1378348 6.18 <.05
Baud 398 1 398 <1.80 N.S.
Var x Baud 54 1 54 <1.08 N.S.
Error (bet) 7198908 32 224894

Vol 17743917 1 17743917 233.38 <.01
Var x Vol 583028 1 583828 7.67 <.81
Baud x Vol 3168 1 3168 <1.88 N.S.
Var x Vo l

x Baud 2962 1 3296 <1.88 N.S.
Error (w/in) 2434808 32 76863

TABLE 5-1(b)
ANALYSIS OF VARIANCE SUMMARY TABLE

(Independent Var i able: CPU time used)

SOURCE SS df MS F p

Var iability 9.90 1 9.90 <1.08 N.S.
Baud 1245.88 1 1245.88 19.68 <.81
Var x Baud 4.7 1 4.70 <1.28 N.S.
Error (bet) 2842.68 32 63.82

Vol 1899.83 1 1899.02 17.92 <.81
Var x Vol 26.88 1 26.80 <1.80 N.S.

.4

Baud x Vol 599.20 1 599.28 9.80 <.81
Var x Baud

x Vol 3.38 1 3.30 <1.88 N.S.
Error (w/in) 1962.80 32 61.38

.1 
I —
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TABLE 5—1 (c)
ANALYSIS OF VARIANCE SUMMARY TABLE

(Independent Var i able: Keystrokes used)

SOURCE SS df MS F p

Var i a bility 88.20 1 80.20 <1.00 N.S.
Baud 288.00 1 288.0 <1.00 N.S.
Var x Baud 312.50 1 312.58 <1.00 N.S.
Error (bet) 14895.60 32 440.5

Vol 53.48 1 53.40 <1.00 N.S.
Var x Vol 450.80 1 458.80 1.58 N.S.

— Baud x Vol 555.68 1 555.60 1.98 N.S.
Var x Baud

x Vol 581.48 1 581.48 1.78 N.S.
Error (w/in ) 9578.08 32 299.18

In Table 5-1(a), note that the effects for Baud, Var x Baud, Baud x Vol, and the triple
interaction are not significant (p>.05).

It is instructive at this point to view the data as a 2x2 factorial design, as indicated
in Figure 5-3, combining low and high baud groups. The mean times (in seconds) to
complete the tasks are indicated in their proper cells, and the results are plotted in Figure

HIGH 1400 1856• -J

0
>

~ LOW 587 683

0 
_ _ _  _ _

LOW HIGH
OUTPUT VARIABILITY

Figure 5-3. 2 x 2 design—1200 and 2400 baud combined

:
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Figure 5-4. PLot of time vs. variab ility for two volume levels

5-4. This more clearly shows the effects of increased output variability and increased
output volume.

The nominal baud rates for the low and high variability conditions and the low and
high baud rate conditions are indicated in Figure 5-5. The numbers in brackets indicate
the average baud rate over the row or column, as appr opriate.

•

~ 
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[1800] [900]

~ 2400 2400 1200 [1800]

0

1200 1200 600 [900)

LOW HIGH
OUTPUT VARIABILITY

F iiwe 5-5. Nom~nal baud rates

Since the high variability conditions yielded a nominal baud rate of 1800, and the
low variability condition one of 900, we might expect differences in performance to
acc ompany these differences. Similarly, the average difference in baud rate is also 900
vs. 1800. But here, no significant performance differences are observed, p>.05. Thus
the significant performance difference between the low and high output variability groups
can not be accounted for by differences in nominal output rates. The implications of this
result will be discussed later.

• In Figure 5-5, note that there are two cells with identical nominal Output
rates--2400 , high variabil ity, and 1200, low variability. Each yields a nominal 1200 baud
output rate. It seems clear t hat any performance differences between these two cells can
be attributed t o output variability differences only. Furthermore , comparing these two

• cells allows a test of which users would prefer: smooth but slow output , or j erky but fast.

• Additionally, the post-test questionnaire offered an opportunity to compare attitudes of

users, as well as their behavior (perf ormance). A t-test was performed comparing these
two cells of the factorial design. The mean difference in time to complete the tasks
bet ween cells was significant: t 4.28, p<.OI.

Performance measures other than time to complete tasks were taken, including CPU
time used and number of keystrokes or functions used to complete tasks. The analysis of

• variance summary tables for these variables are presented above in Tables 5-1(b) and
5-1(c). The effects of changes in the output baud rate and the output variabi lity on CPU

• time used can be accounted for by the algorithms necessary to implement the 1200 baud
version and the high variability version.

~~~~~~~~~~~~~~~~~~~ ~~~~~
.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --—- iL-~~ _ _  _ _
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• For each subject on each task, three performance measures were obtained: time to
comple te task i, T~; CPU time used in completing task i, C1; and keystrokes used, K1. In the

• traditional analysis of variance, these three performance measures are considered to be
independent, uncorrelated, unidimensional quantities, and the effects that the independent
variables may have on them are determined separately and independently. Three
separate analyses are done, each determining the effects of the set of independent
variables on only one of the dependent variables at a time. When there is a reasonable
interpretation which can be placed or, the performance measures in a metric sense, then it
becomes useful to attempt to interpret the observed differences. In the task data
presented here, the interpretation is straightforward: the high output variability groups
took more time to complete the tasks than the low variability groups. We can reasonably

• say that their performance was “better. ’ If we examine the number of keystrokes used in
• perf orming the tasks , i t  is not clear whether using more keystrokes should be considered

obetter h performance or “worse.’~ In this case, it would be necessary to attach meanings to
the number of keystrokes used before the data analysis is accomplished. Post-hoc (or
rea ll y, ad-hoc) reasoning is inappropriate. Since there was rio strong motivation for
stating a priori whether more, or fewer , keyst r okes were “better,~ we leave the
presentation of the result in the form of stating that there was , or was not, an observed
difference. In the analysis of the post-test questionnaire, reported below, this  same
problem of interpretation also appears. However , there it is possible to make a priori
statements concerning the meaning of response differences. This is reported in detail
below.

Discussion and Analysis of Ten Results

The variables of interest in this study were output baud rate and output rate
• variability. A third variable , output volume, was used to control for differences that large

vs. small amounts of material to be read would have on the performance measures. The
• ; rationale for selecting these variables, and the performance measures, is discussed earlier.

To the extent that these objective measurable quantities capture the effects upon the user
of differences in system parameters , they can be described as good, or useful indicators of
effectiveness of the interactive system from the user’s point of view.

In this study there are tw o sets of performance measures: those taken during the
tasks -- time, CPU, and functi ons -- designed to objectively measure the user ’s
perf ormance , and the attitude survey (post-test questionnaire), designed to measure the 

. 

•

user’s attitude towards the system and the interactive environment.

The effects of the independent variables on the performance measures will be •

discussed individually, then their combined effects will be discussed.



___________________________ 
- • •

RESULTS 37

Main Effects
Vo,iabiiity Effects

There is a significant difference in time to complete the tasks, acr oss the output
variability. Further comparisons of the two conditions, 2400 baud/high variabilit y
vs. 1200 baud/low variability were done in order to ascertain the possibility of
confounding effects. These two cells produced equivalent nominal out put rates: 1200
baud (see Figure 5-5). As described earlier , the v a r i a b i l i t y  al gorithm was designed such
that the total time to display N characters on the screen would be approximately double
the amount of time to display the same N characters without the variability. Therefore ,
any performance differences between these two conditions can reasonably be ascribed to
variability of output differences rather than total output time differences. The result of
the comparison of performance differences between these two conditions is that there is a
si gnificant difference in the time to complete the tasks. The amount of CPU time used also

• varies , but this may be attributed to the additional processing needed to implement the
1200 baud display rate , and the high output variability. There was no significant
difference , however , in the number of keystrokes used in performing the tasks.

The conclusion is that increasing the variability of computer output significantl y
decreased user performance in the interactive tasks. To the extent that the test
population for these experiments represents a broader category of potential interactive
systems users, and the test system is representative of a broader class of interactive
systems, we may conclude that variability in display rate has per se a detrimental effect
on user performance. The question of the generalizability of the results of this study, the

issues of reliability and internal and external validity, were introduced in the previous

• chapter and will be discussed further in the next.

• Baud Rate Effects

In contrast to the significant effects on performance of changes in output variability,
presenting the requested information in the interactive travel message system at 1200

• 
• baud vs. 2400 baud produced no significant differences in performance. In particular,

even though the nominal baud rate was 1800 for the 2400 baud groups and 900 for the
1200 baud groups (see Figure 5-5), there was no significant difference in times to
complete the tasks for the two groups. This result holds across high volume as well as
low volume tasks (i.e., the baud x volume interaction was not significant). It appears -that
both 1200 and 2400 baud display rates are faster than the typical subject can read, so
that time to read a page of material depends on the individual’s reading speed rather than
system display rates. One would then conjecture a plateau in the curve of time to read a
screen of text vs. display rate, somewhat like the one in Figure 5-6. Apparently the
plateau is reached at display rates of less than 1200 baud. In fact , 1200 baud •

corresponds to approximately 1200 words per minute, a rate considerably faster than the

— 

rate at which the average person reads.

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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TIME

DISPLAY
RATE

• Figure 5-6. Graph of time to read screenful of material vs. display rate

However, the result is still somewhat curious. A number of tasks required the
• subject to visually search message bodies for particular names. While it would seem

reasonable to expect that doubling the display rate snould lead to shorter times in
completing those kinds of tasks , this was not observed to occur. We may conclude that
doubling the display rate from 1200 to 2400 baud does not produce improved
performance for the subjects and system of these experiments. It should also be noted
that the total time to present the typical amount of material was only about seven percent
of the t otal time subjects needed to perform the individual tasks. For example , f or the

high volume tasks, average total output was approximately 2000 characters. At 1200
baud, this would require approximately 20 seconds to display this amount of material on

- 
the screen. However , fr om Figure 5-4, it is observed that the time to complete the high

• output volume tasks varied from 1400 to 1900 seconds, about 280 to 380 seconds for
• 

- I each of the five tasks , depending on output variability. Similar results hold for the low
-- output volume tasks.

- •
~ This result makes the one involving output variability seem that much stronger.

• Examining Figure 5-5 again, we note that there was a difference in average display rates
across the tw o variability conditions. It is not immediatel y clear whether the effect for

• variabili ty might be confounded with the average display rate. That there is no significant
- 

difference across baud rate leads us to reject that possibility.

• Inseracilon Effects

Of the four interaction terms in the analysis of variance (variability x baud,

• variability x vo lum e, baud x volume, and t he triple interaction), only the variability x

I,
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volume effect is significant. The influence that increased output variability has on

perf ormance is greater at higher output volumes than at lower volumes. This result is not
un expec ted, since for this study the low output volume iasks required less than a
screenful of text while the high volume tasks required considerably more. Apparently

• subjects could tolerate the higher variability in output rate if it occurred over a relativel y
short period of time. Also, in the hi gh output volume tasks , a greater percentage of the
task time was spent in reading output as opposed to the other actions required in the
tasks. Though there has been little reported in the literature on the effects on reading
speed or visual search of continuously varying the display rate, reaction time experiments
tend to support the view that increasing the var iability of the stimulus signif icantly
increases response time (cf. Mackworth, 1970; Mostofsky, 1970; Davies and Tune, 1969).

POST-TEST QIJESTIONNiflRE

A questionnaire (see Appendix 3) was administered to each subject on-line
immediately following his or her series of tasks. Because the questionnaire was presented
using the same values of the output parameters as for the tasks , subjects received a
consistent view of the system. The questionnaire consisted of 18 questions relating to
the complete system -- its speed, use of keyboard, display features , screen size, etc. --
and asked the subject to numerically rate the particular area of the question on a 5-point

• scale. The rating scale was presented to the subject before he or she began answering
the questions. The following paragraph was presented:

Please answer the following questions with a numerical rating in the range of
1-5. 1 — Very Poor, Unaccep table , etc. 5 — Excellent , Completely

• Acceptable, Easy to Use, etc. ( 1-2 implies a generally negative response , 4-5
• 

• 
• a generally positive one.) However , a specific numerical scale will be given for

each question.

Even though specific meanings were attached to the ratings for each question, al l

- :  obeyed the same ordering: 1-2 indicated a negative reaction to the point or featu re of the
question, 3 a generally neutral response, and 4-5 a generall y positive response. The
questionnaire and scale selection were designed to follow standard practices in
questionnaire and survey research instruments [Babbie, 1973]. The responses make at
leas t an ordinal scale. Subjects were instructed to think of the response scale as
representing a continuum and to answer anywhere in the range ~-5. Though not a ratio
scale, and probably not an interval scale, a number of analy t ica l  techni ques are available
for analyzing the data. The analysis of the questionnaire data is presented later in this
section.

-• - - ~-~~~~•— ~~~~~~~~~~~~ - •~~~~~~~~~~~~~~~
• . •~~~~~~~ •- ~~-~~-• -— S
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TI.. Questions

Not all of the questions were of immediate relevance to the tasks the subject
performed, or to the variables of interest in this study. They were included, however, in

order to provide a more complete view of the subject ’s overall impression of , and

response to, the system as he or she had just experienced it.

The questions can be conceptually broken into groupings which correspond to
different features of the interactive system. For example , questions 1-4 dealt with the
use and the completeness of the system’s commands. Questions 5-8 dealt with the

• physical aspects of the display: screen size, character size and shape, sufficienc y and
readability of output, etc. Questions 9-13 dealt with computer and printing speed, and
variation in those speeds. Finally, 14-18 dealt w ith the overall utility of the system.

The following table (Table 5-2) presents the results for each question individuall y.
The actual F ratios and probabilities are presented. Those which were significant beyond
the 1 percent level (p<.O1) are indicated by cc. Those that were significant beyond the 5

TABLE 5-2
Significance of Individual Questions

in the Post-Test Questionnaire

Question Fv Fb Fvxb ~v % ~vxb

1 11.7 1.10 <1 **
2 <1 <1 <1
3 <1 <1 2.34
4 6.38 6.38 <1 * *
5 1.92 1.44 <1

• 6 8.16 1.44 <1 **
7 <1 2.97 4.77 a
8 <1 <1 <1

• 9 6.56 ci 1.81 *
10 2.47 1.36 <1
11 16.35 <1 <1 cc
12 17.31 ci <1 cc
13 4.02 <1 <1 *
14 4.93 <1 4.49 * *15 6.49 6.20 3.08 * *
16 1.78 3.94 <1
17 1.16 2.26 <1
18 7.96 <1 5.62 ** * •- • .

All with df — (1,26)
• I

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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percent level (p<.05) are indicated by a. If in fact the data were uncorrelated,
independent, we could make a probability statement of achieving N significant F ratios in M
measures, at significance level p. Since our data does contain correlations, wit h the same
subject providing answers on all questions, our probability statement is weakened.

The 18 questions making up the post-test questionnaire may be thought of as
comprising an “index of satis faction ” of the user with the system. If we simply add up the
responses of each subject , this sum may be considered the satisfaction index. Figure 5-7
presents the average response for t he subjects in each of the f our cells of the fact orial

design, while Figure 5-8 presents the results graphically. An analysis of variance was
perf ormed using this index as the dependent measure.

_ 2400 3.9 3.4

H _ _  _ _

~ 1200 3.8 3.0

• LOW HIGH

OUTPUT VARIABILITY

‘
~ Figure 5-7. Mean responses for the 2 x 2 factorial design

The results of the analysis of variance are presented in the following table (Table
5-3(a)). We note the strong effect for output variability on the average answer to the
post -test questionnaire.

_ _ _ _ _ _  _ _ _ _  ~~~~~~~~~ • •  —~~~~~~~~~~~~ •—
S—

~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 5-8. Graph of average response to post-test questionnolre — -

vs. output variability for 1200 boud and 2400 baud
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TABLE 5-3(a)
ANALYSIS OF VARIANCE SUIIIIARY TABLE

(Independent Var i able: Average answer to 18 questions of post—test
quest ionnaire)

SOURCE SS df MS F p

Var i ability 2.77 1 2.77 19.4 <.01
Baud 0.43 1 0.43 3.0 N.S.
Var x Baud 0.29 1 0.29 2.1 N.S.
Error 3.40 26 0.14

If we view the data as an 18-dimensional quantity then it is reasonable to compare
not the sum (Or average) of the answers, but rather the norm of the answer vector in
18-space. This norm is given by the square root of the sum of the square of the answers
to the individual questions, 101 — (I q,

2)~’~
2, where is the answer to question i, 101 is the

norm of the subject ’s answers. The analysis of variance summary table is presented
below (Table 5-3(b)), using 101 as the dependent variable, and nominal output rate (baud)
and output rate variability as the independent variables.

TABLE 5—3(b)
ANALYSIS OF VARIANCE SUMMARY TABLE

(Independent Var iable: Norm of answers to 18 questions of post—test
quest I onna ire)

SOURCE SS df MS F p

Var ia b i l i t y  0.14 1 0.14 4.67 <.05 -:

Baud 0.12 1 0.12 4.00 N.S.
Var x Baud 0.08 1 0.08 2.67 N.S.
Error 0.76 24 0.03

. -

~~~~~

-

In both of t he analyses, using either the sum of answers to the 18 questions or the
norm of the answers, there is a significant effect for output rate variability but not for
nominal rate differences. Both analyses allow an unequivocal view that users 5.

~~~~~~_____~;•_ _  ---4- -.- -- • - S - ~~~~ S ’• —  
~~~~~~~~~~~~~~~

- - - ~~~~~~~~~~
• -~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - •
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experiencing the high variability versions of the system expressed a significantly lower
view of the system, its commands, its display, its speed and its overall utility than those

• experiencing the low variabili ty versions of the system. The questionnaire is further
broken down later by questions relating to commands, display, speed and utility.

Interaction Effects

In questions 3, 7, 9, 14, 15, and 18 an interesting pattern of interaction effects was
observed. Analyzing the questions individually does not provide adequate sensitivity as
to whether this pattern represents random (uncontrolled error) effects in the data or can
reasonably be ascribed to differences in the display variables of this study.

It is instructive to examine the nature of the V x B interaction. In aU cases, the
relationship between output baud rate (B), output variability (VAR), and group mean
answer is as presented in Figure 5-9.

.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- . MD~~~~~
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Figure 5-9. Graph of typical response to questions where interaction
was sSgr~S/scant vs. output variability t
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in each case, for the low variability condition, the subjects experiencing the 2400
baud version of the system had higher mean responses than those experiencing the 1200
baud vers ion. This result is expected, and corresponds to the performance of these two
groups in the tasks.

It is also noted in Figure 5-9 that the mean answers for the 2400 baud, high

variability group is lower than that for the 2400 baud, low variability group. This result
is also consistent with the performance data on the tasks. The interesting case, however,
is that for those who experienced the 1200 baud version of the system. Those who
experienced the 1200 baud, high variabUity version of the system had a pattern of higher
mean responses than those experiencing the 1200 baud, low variability version of the
system, or at least their answers were not significantly lower.

It is useful to examine the subjects’ answers to individual questions within groups,
and to the average response of the questions in each of the groups. For ease of later
reference, the groupings of questions will be denoted [C] for 1-4 (commands), [0] for 5-8
(display), [S) for 9-13, (speed), and [U] for 14-18 (utility). Table 5-4 presents the
anal ysis of variance summary tables for the average response within groups.

The analysis of variance summary tables for the individual questions have been
presented previously (see Table 5-2). As noted earlier, if we examine the results f or a
main effect of output variability upon the answers, we find that there is a significant effect
on questions 1, 4, 6, 9, 11—15, and 18.

When the answers are viewed as groups, each representing a common component of
the interactive environment , we find that there are significant differences between

• subjects in low vs. high variability groups in the average response within the three
groups [C], (S] and [U], but not for [0).

I

-. 

Figure 5-10 presents graphical results of the average response to the questions
within the four groups ([C), [03, [S] and [U]), vs. output variability, for 1200 and 2400
baud.

If we (cautiously) embed our answers in a metric space, we are able to get a better
insight into the nature of the differences within each group of questions. We may thus
say that for those questions relating to system commands, (C], th ose experiencing the l ow
output variability condition had an average response which was higher, and thus indicated
better facility with the system, than those experiencing the high variability conditions.
The same was true for those questions relating to system speed, [Si and overall system
utility [U].

~~ ~~~~~~~ - J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ,_~~~~~~~~~~~T ~~~~~~~~~~~~~~~ J— ~~~-~~~~~
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TABLE 5-4
ANALYSIS OF VARIANCE SUMMARY

SOURCE* SS df MS F p

- I  (C)
Var i ability 1.38 1 1.38 3.93 .85
Baud 0.14 1 0.14 0.40 N.S.
Var x Baud 8.39 1 8.39 1.10 N.S.

Error 8.45 24 0.35

—1 (0)
Varia bility 0.93 1 8.93 2.45 N.S.
Baud 2.84 1 2.84 5.41 <.85
Var x Baud 0.13 1 0.13 0.35 N.S.

Error 9.06 24 8.38

ES)
Var ia bility 7.26 1 7.26 16.24 <.01
Baud 0.04 1 8.84 0.09 N.S.
Var x Baud 0.04 1 0.84 0.89 N.S.

Error 10.7 24 0.45

[U)
Var i ability 2.64 1. 2.84 13.83 <.81
Baud 0.83 1 8.83 4.31 <.85
Var x Baud 1.82 1 1.82 5.26 <.85

4

Error 4.65 24 8.19

5Analysis of Variance summary tables for the Post-Test Questionnaire by
groups: [C] -- questions 1-3; [0) -- questions 4-8; [9] -- questions 9-13; [U) --
questions 14-18

L
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L Figure 5-10(a). Graph of average respons. to the (CI questions vs. output variability
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Figure 5-10(b). Graph of average response to the (D/ questions vs. output variability
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Figure 5-10(c). Graph of average response to the (S/questions vs. output variability
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Figure 5-10(d). Graph of average response to the (UI questions vs. output variability

• -~ Discussion and Analysis of Post-Test Questionnaire

The above anal yses of the subject’s answers on the post-test questionnaire were
made in order to provide insight into the the overall view of the system that the subject
would have upon completing a typical search and display session with an interactive
system. Some of the results need be examined in depth, since they may be at variance
with intuition.

~~~~

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• RESULTS 51

A fundamental conclusion, which is supported both by the task data and the
questionnaire data, is that the nominal output baud rate, at 1200 baud vs. 2400 baud, has

at best a very weak eff ect upon the user’s performance and attitude towards the system.
Specifically, over a number of tasks , involving both low and high output volumes, there
was no s~grzif icarzt performance difference between those receiving the 1200 baud version

- 
-
. - - and those receiving the 2400 baud version. This result is observed across the low

volume tasks , acr oss the high volume tasks , and across the low output variability groups
and the high output variabi lity groups. On questions 3, 7, 9, 14, 15 and 18, an interaction
as indicated in Figure 5-9 was obtained. In these questions, the average response of the

- 
- 2400 baud group, in the low variability condition, was higher than in the 1200 baud group.

In question 7, the 1200 baud group had a higher average response than the 2400 baud
group, in the high variability condition. These six questions, 3, 7, 9, 14, 15 and 18,

— provide an interpretation problem. The result for the low variability condition is
expected, and in virtuall y all of the questions, the 2400 baud answers were higher than
the 1200 baud.

For those experiencing the high variability version of the system, the answers to
the questionnaire were more interesting. In all of the questions except 10 (variation in
computer system speed) and 12 (variation in printing speed), those experiencing the 1200
baud version of the system have higher answers than those experiencing the 2400 baud
version. As indicated previously, these differences are generally not significant on an
individual question basis, but when the questions are viewed in a multidimensional sense,
these differences do tend to become significant.

The answers to the questions might tend to imply that if we are faced with a system
which suffers from a great deal of variability in output rate (such as a heavily loaded
interac tive system, or a user interacting with a host computer through a communications
interface processor), the nominal output rate should be adjusted to be about 1200 baud (if
the selecti on is 1200 vs. 2400). This conclusion is not supported by a more thorough
analysis of the interactive environment. Virtually all subjects in the high variability/1200
baud version voiced their frustration at the slow, unsteady nature of the output. One
subject, in fact, refused to continue the experiment and another became openly hostile
towards the experimenter. Their data are not included in the above analyses.

While subjects in the other conditions were able to maintain interest in the tasks
and found the session a reasonable approximation to potential real-world tasks, those in
the 1200 baud/high variability group had greater difficulty maintaining interest or
motivation. Many felt that the tasks were putting undue burdens upon them, given the
system that they had to acc omplish the tasks. These conclusions seem reasonable
because of two supporting results. Firstly, the experimenter rates of the comments of
subjects during the sessions demonstrate the need for greater computer power (functions,
speed) for this group (see Chapter 6 for further elaboration). Secondly, on some of the ‘

• questions dealing w ith system functions and speed, subjects in this group had lower -
‘

answers. Thus there appears to be an indication of deteriorating attitude towards the - - 
-

system by subjects in this group, which matches their decreased performance in the tasks.
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Because subjects in this 1200 baud/high variability group had lower interest or
motivation towards the tasks, because their frustration and dislike of the system appeared
to increase during the experimental session, their general attitude towards the post-test
questionnaire was one of relief that the agonizingly slow series of tasks had been
completed. Their responses to questions were given not so much as a result of thoughtful
consideration of the meaning of the question and the best selection of possible alternative

- - answers, but rather as a result of a desire to hurry onto the next question and end the
session as quickly as possible. It is clear from reading the questions that some do not
make immediate contact wi th the exasperating nature of the system, and so require the
subjec t to think about the answer and its implications. Questions such as 5 (screen large
enough) or 16 (need for more materials on functions available) fit into this category.
When the questions dealing with speed and variation (9-13) are examined, we find the
expected relationship of this cell to the others~ The table below (Table 5-5) presents the
rank order of the 1200 baud, low variability group on the [5] questions, where 1 means

• this group had the highest mean response, 4 the lowest. J
TABLE 5-5

Ranks of Questions in the Speed Group

Question Rank of 1200 baud, low variability group

9 3
10 4
11 4
12 4
13 4

- - On those questions which most closely matched th. strong feeling that the subjects
in this group had towards the system, their answers reflect their behavior and their

• 
- expressions during the session.

Examining the questions by groups, we notice a strong effect of output variability —

upon the attitudes of the users towards the system on three of the four question groups.
Subjects experiencing the high variability conditions had a lower response index to the
questions in the [C), (5] and [U] groups. Examining more closely the meaning of the (C],
[D], (S] and (U] indices, the following are concluded:

(1) High output variability subjects perceived the command structure as less
adequate to their needs. As indicated earlier , the experimental design assumed a fixed
terminal type with its own display characteristics. The HP terminal used in these studies
works on a scrolling method where each new line of output is presented on the bott om of
the screen and all lines above scroll up. The topmost line is lost as each new line is
appended at the bottom. Some of the apparent dissatisfaction with the command language
(and the terminal itself) may be associated with the scrolling typical of the HP and other
t•rmin.ls.
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(2) High output variability subjects were less satisfied with the physical display.
Though this result is somewhat ambiguous, the general conclusion is that increasing the
variability of the output display rate reduces the user’s overall image of the system. Put
another way, users with low variability of output seemed more likely to find the particular
display satisfactory.

(3) Users who experienced the high output variabi lity version were bothered by the
slowness of the system, and noticed the reduced speed and the increased variab ility of the
output rate. However , merel y cutting the output rate in half (fr om 2400 bauc to 1200
baud) did not produce a noticeable reduction in the answers for users in either tha high or
low variability groups.

(4) In general , subjects experiencing the high variability versions of the system had
a lower view of the overall utility of the system, as evidenced by their average response
to questions concerning the usefulness of the system, the desirability of us;rig the system
vs. performing the tasks by hand, need for more materials , and their overall rating of
input to the computer and output from the computer.

Examining the intercorrelations between the answers to the questionnaire provides
a useful insight into those parts of the system which are viewed as a whole. For example ,
looking at those questions which correlate significantly with the (S) questions, 9-13 (Table
5-6) allows one to identify those aspects of the interactive system with which a user is
least satisfied as the system becomes more stressful. It would be expected , of course,
that there would be significant correlations between questions within the [S] grouping, and

this is observed. Identifying those questions outside of the [S] group which correlate with
questions within the group, the f ollowing are concluded:

(1) Those who perceived the system as being slower had a significantly poorer view
of the ease of using the commands and the overall utility of the system, felt a need for
more materials on the system, and generally had a lower overall view of system output,

• than those who perceived the system as being relatively faster.

(2) Those who perceived the system as being relatively high in variability of output
- , - and processing speed had a significantly lower view of the ease of using the commands,

found the brightness and size of the display screen less satisfactory, and found that the
* data presented was less sufficient for their needs than those who perceived the system as

having relatively little variability in output or processing speed.

TABLE 5-6

Question Questions with which it correlates
significantly (p<.05)

9 10,11,12,13
10 4,5,8,9,12
11 9,12,13,14,18
12 1,5,9,10,13
13 9,11,12,16,18

~~~_i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -  p--.- ~~~
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6. CONCLUSIONS AND RECOMMENDATIONS

The major emphasis of this research is that there are a number of parameters of
the man-machine interaction which affect the performance of the user. Specifically, it was
hypothesized that changes in the nominal display rate of the presentation of computer
output , and the variab ilit y in the display ra te, w ould have significant effects on the
perf ormance and attitudes of the users of the man-machine system.

Reviewing the extensive statistical material presented in Chapter 5, we find that ,
contrary to initial conjecture , doubling the display rate fr om 1200 baud to 2400 baud has
no apparent effect on user performance in the interactive tasks of this research. Also
of interest , doubling the display rate from 1200 to 2400 baud has no apparent effect on
the attitudes of the users towards the interactive system, its command structure , i ts
display features (screen , characters , etc.), the speed of the system, or the overall utility of
the system. In fact , in reviewing Table 5-2 again, we note that in only two of the
questions in the post-test questionnaire (question 4 -- screen brightness, question 15 --
perf orm tasks by hand) was there a significant effect for baud rate on the subjects ’

— answers. Even for the low output variability groups, the differences in the answers to
the post-test questionnaire between those subjects receiving the 1200 baud version and
those receiving the 2400 baud version were not significant.

When the effects of variability of display rate upon performance and attitude are
evaluated, the situation is entirely different. In both the performance of the subjects on
the interactive tasks and the attitude measures towards the system evaluated via the
post-test questionnaire, subjects receiving high variability versions of the system
performed significantl y jnore poorly, and had a significantly poorer attitude towards the

• system, than those receiving the low variability versions. This effect is significant at both
-- the 1200 baud and 2400 baud levels, and increases as the volume of output material

- 
- increases. In fact , because of the significant interaction effect between output volume and

output rate variability, we see that the effects upon perf ormance are magnified at the
* greater output volumes. In the direct comparison between the two cells of the factorial

design where t he nominal output rates are the same (1200 baud low output variability
vs. 2400 baud high output variability), the performance differences between the two
groups is significant and quite strong at the high output volume level.

This research has found that doubling the display rate of system output to the user
of an interactive message processing system does not improve performance , nor does it
lead to an improved view of the system or attitude towards the system on the part of the
user. What then are the effects of increasing system output, and what ways might be
effe ctive in both improving user performance and improving attitude? At this point , a

________ - 
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confounding problem occurs. It has been a (seemingly not unreasonable) assumption on
the part of system designers that increasing the display rates leads to better performance
in interactive sys tems. If w e could guarantee that the variability in the display rate were

• held constant as the display rate were increased , the results of these exper iments allow
us t o conclude that performance and attitude are not diminished. They may even be
improved, though this does not appear to be the case in this research. So there is
certainl y nn immediatel y apparent drawback to providing faster displays. However , as

systems become heavil y loaded, increased display rates are associated with increases in
the variability. The actual display rate may not be improved , and the results of this
research strongl y demonstrate that performance is decreased and that user attitudes
towards the system deteriorate. These conclusions are so strongly supported by the data
presented (see Chapter 5) that a general recommendation to system designers would have
to be that increasing output display rates should not be attempted without a

• corresp onding increase in CPU power.

Subjects who received the high variability versions of the system experienced
frustrati on and demonstrated a poorer view of the system and its environment in ways
other than poorer performance and more negative questionnaire responses. For many of
the subjects who participated in the experiments , their experiences with the system
subjec ted them to conditions which were beyond their normal use of an interactive system.
In particular , those subjects in the high variability conditions tended to express the opinion
that they were utilizing a system through a heavily loaded terminal interface processor
(TIP) port [Bolt Beranek and Newman, 1974]. Such was the agonizingly slow response of
the system at times that the functions provided to perform the series of tasks were
clearly inadequate. Those subjects receiving the low variabi lity versions of the system
did not tend to express such negative opinions of the system and generally found the
experience to be a reasonable approximation of the t ypes of tasks that they (Or at least
the person they were simulating) might have to perform on a regular basis. It is
interesting to compare some of the responses to the open-ended question on the
post-test questionnaire (see Appendix 3). The material presented below is not complete ,
but has been selected fr om both low and high output variability groups in order to
illustrate the point.

Selected responses from subjects in the high output variability groups:

Multiple mess. very useful but slightly confusing. Losing the page length in the
middle of a search was a real pain. . .Output delays would become more of a pain
as the proficiency increased. . .System was generally quite easy to use. Since
questions were oriented toward info imbedded in the mess text it would be very
useful to have the mess info either cross referenced or available to the command
structure.

H
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Another subject:

I felt that the system was lacking in two basic areas. First of all, there was a
def iciency in the functionality of the system. Too much data had to be scanned in
order to answer the questions at hand. The addition of a few more commands
would have greatly eased the tasks.

Secondl y, and far more important , was the fact that the system response was so
incredibly poor. I felt myself thinking of the wasted time involved. It wasn ’t
even consoling to think of the time needed to complete the tasks by hand. The
thing that stuck out most to me was that I felt that I wasn’t being useful (t o
myself or anyone else) when I was waiting on the machine. In that sense, poring
over a listing by hand, and possibly taking longer to complete the task , w ould
have been more satisfactory.

Another subject:

The system (message system) would have been very easy to get used to --
definitions of commands etc. Would very much have liked a means to search the
body of the messages for strings. Found the long delays from the computer
made the job really dull -- it would have been more inter~sting if the inf ormation
could have been gathered quickly and easily (the text string search).

Selected responses from subjects in the low output variability groups:

The subcommand ‘Multiple” I feel should take more than a one-line string. For
example I would like to be able to type From (string) and From (string) again and
have the message service give me both From strings.

• 
- 

I feel in general that this message program does its tasks well in that it gives the
- - user the facts he needs quick ly and reliably.

Another subject:

I w ould like to see more commands similar to XED “Find” and “Search” or a method
of reading all selected messages into a buffer to search for key words or
phrases.

Another subject:

There should have been more effort in being able to find names in the body of
the message. Also, since there seemed to be no distinction between the sender
and the rest of the people on the trip, they should have equal status for
sear ching etc. It should also process dates into the standard format before the
search (I don’t want to remember the exact format -- especially which months are
abrev. and which aren’t).

L ~~~~~~~~~~~~~ -- - ~~~~~~~~~~~~ ~~~~ -
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The system speed was acceptable. I just want more power.

The output format should have been less verbose, i.e., find the people’s names in
the messages and just print those.

Quite often production systems are developed and implemented in an ad-hoc manner
without adequate regard for the stresses that a heavily loaded system can place upon the
perf ormance and attitude of the user of the system. Apparently, fr om the nature of the
responses to the open-ended question, a system designer can gain valuable insight into
the needs, requirements , typical modes of interaction, etc., of users by observing a large
number of potential users actually using the system or a simulated version of the system,
under a number of different conditions. This conclusion was one of the motivations for
the research reported in Heafner and Miller [1976]. In this work, the authors
demonstrated the utility of observing and questioning a large number of potential users of
a military message processing sys tem. Unlike the experimental paradigm used in the
research reported here, however , the authors of the above paper not only we re
concerned with the average response of subjects to a series of questions, but were also
interested in the small quantum of additional insight that each subject could provide. It
was only through a careful series of probing questions that this additional information was
elicited. A fortunate additional result of the research reported here, then, is the further
demonstration of the utility of performing well designed and controlled testing and
observation of a system before putting that system into general use.

FUTURE STUDIES AND EXTENSION OF RESEARCh

The research reported here, in addition to providing useful insights into the display
• variables which affect the performance of the user in MMI, also establishes a met hodology

which may prove of use to future systems designers. The research began by attempting
to develop a mathematical model of MMI. It is apparent that there would need to be man
(user) oriented variables and machine oriented variables in the model in order to
adequately describe user behavior. A systems designer, however , may be less interested
in developing a general description of MMI and more interested in predicting user
perf ormance with a particular population, a particular set of values of the display
variables, and a par ticular MMS. To the extent that the general model proposed here
adequately describes user perf ormance , and the perf ormance measures used are of value :
to the designer, all that may be required is simply to solve the equations for performance,
by fixing the parame ters. There may still be concern, however , as to the adequacy of the
perf ormance measures used in this research. Also, if the target user population is not
relatively homogeneous, then steps must be taken to ascertain those user-oriented
variables (l.Q., general attitude towards computers, typing ability, spec i f ic compute r or “~ 

-
-

system experienc e, etc.) which also affect user performance. Heafner (1974], and Carlisle
(1974], among others , postulate , or demonstrate , the effects that user characteristics have - 

-
~

upon performance in interactive problem-solving tasks.

I
j
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A number of the results presented in the previous chapter are not easily explained within —

the traditional confines of computer science and human factors research. The unusual
pat tern of interactions between baud rate and output variability upon the answers in
questions 3, 7, 9, 14, 15 and 18 (see Figure 5-9) has been discussed in some detail in
Chapter 5, but it is interesting to re-examine the results of the post-test questionnaire at
this point as a means of pointing out the need for a broader theoretical base upon which
t o interpret the results. These six questions do not appear to have any immediatel y
observable properties in common. In fact , they represent all f our of the question groups
discussed in Chapt er 5: Command questions (C), Display questions [0], Speed questions [S]
and the General Utility questions [U]: One of the most startling aspects of the responses
to the post-test questionnaire is that Only three questions , 10, 12 and 13, yielded results
similar to what was conjectured before the study began~ that there would be main effects
for baud rate and output variabilit y, with nonsignificant interaction effects. The
conjectured results are presented below (Figure 6-1).

LOW HIGH

OUTPUT VA RIABILITY

Figure 6-1. PrototypicaL results of post-test questioruiaire
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The deviations from the “expected” results generally took the form of non-significance of
the effect for difference in display rate. Even on the (SJ (speed and variability) group of
questions (9-13), evaluated on a question-by-question basis , and on the effect of the
disp lay rate on the “index of satisfaction ’ (the average answer over the questions within
the group) there was a surprising lack of baud rate effect. For the same “index of
satisfaction ” anal ysis, using the output variability as the independent variable , the effect
was si gnificant. Specificall y, it would be of value to exp lore in greater depth the reasons
why those subjects who received the slowest , most frustrating version of the system --
1200 baud, hi gh variability -- had responses to the questionnaire which in general were
higher than those who - received the 2400 baud, hi gh variability version. Potential
motivational reasoning was exp lored briefl y in Chapter 5. It seems apparent that there
ought to be a discipline of computer interaction, or computer programming, psychology
which w ould provide a theoretical basis for a synthesis between cognitive psychology and
computer science.

As indicated above, the results obtained in these experiments are generalizable to other
users and other interactive systems only if we are willing to accept as reasonable the
descri ption of the population from which the subjects were sampled , and from which the
Travel Message system is an example. Furthermore , it seems apparen t that there are
motivational and cognitive processes occurring which require an analysis outside the scope
of this research. Though it may be reasonable to interpolate the resul ts to values of the
independent variables between the extr emes tested here , the extrapolation to values
outside the range tested is unjustified. As terminals become available , with faster display
rates the conclusion of no effect on performance in increasing baud rates ought to be
subjected to further scrutiny. If in fact increasing the display rate to 4800 baud, 9600
baud, or higher fails to produce significant user performance improvements , then system
designers ought to be spending their resources in other areas. One area specificall y

• identified in this research is the reducti on of output rate variability, which  can be

decreased either by decreasing the nominal display rate or by increasing the power of the
CPU. The research reported here supports the conclusion that within the limits of the
variables studied here, if decreasing the nominal baud rate from 2400 to 1200 baud
decreases the variability of the output , perf ormance improves or is not decreased.

~~~~ ~
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APPENDIX I

INSTRUCTIONS TO SUBJECTS

You are about to participate in an experiment that is designed to help us produce
interac tive programs which are better and easier to use. In order to do this, we have
selec ted an environment which allows us to observe a typical interaction session.

Not trying to disguise what we are doing, it is important to point out that this is a test
of certain aspects of the system you will be using, and is in no way a test of individual
performance. In a sense there are no right or wrong answers to the set of tasks and
questions you will be asked to perform. In fact ,- you may assume tha t certain aspects of
the system have been intentionally designed to be less than optimal, in order to determine
whether they do in fact affect user performance. Different people in these experimental —

sessions will be performing their tasks with different versions of the system, and a
comparison of the grouped data will be made.

You are to assume that you are a clerk in the travel department of a company.
Individuals in the company make requests to the travel department for flights to various
ci t ies, using a computerized message creation and transmittal system. You utilize a
modified version of the MSG system, renamed Travel Messages Processing System, to
access the data base of travel requests.

You may assume that each request for a flight actually ended up in a fli ght, i.e., any
cancellations of requests caused the initial request to be purged from the data base.

In your position as clerk in the travel department , you will be given a se t of tasks
relating to these travel requests. For example , who wanted to travel to N.Y. on such and
such a date, etc. These tasks are answered by making searche s through the data base,
and reading the re trieved messages.

There are eleven tasks to be performed , plus two additional samp le tasks at the
beginning which will allow you to test your understanding of the system , experiment wi th
the commands available, and determine what typical messages in the data base look like.
Reference materials available for this session include the list of commands , the instruc tions
for working the sample tasks and the experimenter for answering questions concerning the

7’ use of the system’s functions and commands.

After you have completed the series of tasks , you will be asked to complete a
questionnaire relating to your experiences with the system. It is important to understand
that this questionnaire asks you to rate on a numerical scale certain features of the
system. Please do no hesitate to give a negative rating, if you have negative feelings
regarding a par ticular area. Similarly, do not hes i tate to give a positive rating if you feel

• positively towards a question. Also, you must attempt to answer these questions based •

on your current use of the Travel Messages Processing System. Please do not answer
based on your general knowledge of MSG or computers. - ~~- 

-

Since questionnaires tend to include areas where you may have no strong opinion, and
exclude areas where you may have a strong opinion, there is a free-tex t input question at
the end, which allows you to express your general comments on the system, including - - 

-

those areas which you feel were not adequately covered in the previous questions.
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It is important to emphasize that your participation in this experiment is voluntary.
You may withdraw from this experiment at any time. Though there may be no immediate

- 
:- benefits to you t row this experiment, it is hoped that the results of this research may

guide syst.m d.si~n.rs in the future in producing interactive programs which are easier to
us..
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APPENDIX 2

TASKS TO BE PERFORMED

Si) HOW MANY REQUESTS WERE MADE TO THE TRAVEL DEPARTMENT for travel to San
• Diego~ Follow the instructions on the answer sheet ~i answer this question.

- 

- S2) WHO WANTED TO GO TO DES MOINES DURING THE MONTH OF JANUARY’ Again, follow
instructions on the answer sheet to answer this question.

- 1) WHO WANTED TO GO TO LONDON IN MARCH? If there is more than one person who
wanted to go, write down all of their names. If nobody wanted to travel to London in
March, write “NONE.”

- 
2) WHO WANTED TO GO TO KANSAS CITY DURING THE MONTH OF FEB’ Answer this
quest ion similarly to the previous quest ion.

3) WHO WANTED TO GO TO PORTLAND DURING THE MONTH OF FEB? Answer this question
similarly to the previous questions.

4) WHO WANTED TO GO TO MIAMI ON FEB. 2’ Answer this question similarly to the

- 
previous questions.

5) WHO WANTED TO GO TO SAN DiEGO ON APR11 2? Answer this question similarly to the
- 

previous questions.

6) HOW MANY REQUESTS FOR TRIPS TO SEATTLE ARE THERE IN THE DATA BASE?

- 
7) WHO TOOK THOSE TRIPS, and how many trips did each of these people take to Seattle.

8) FOR THOSE WHO TOOK FIVE OR MORE TRIPS TO SEATTLE, to which other cities did they
REQUEST travel?

- 9) LIST THE LOCATIONS AND REQUESTED DATES O~ TRAVEL, that Alan Schwartz ri ade,
-, where he requested Sim Farar to also travel. Similarly, list locations and dates of travel

- 
where Sim Farar requested travel with Alan Schwartz.

10) List the dates when Alan Schwartz and Sim Farar both traveled together to Seattle.
- 11) ON THOSE OCCASIONS WHERE BOTH SIM FARAR AND ALAN SCHWARTZ TRAVELED

- 

I TOGETHER TO SEATTLE, list those who also traveled with them.

- 
4~ ~~ -
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APPENDIX 3

POST-TEST QUESTIONNAIRE

INSTRUCTIONS FOR POST-TEST QUESTIONNAIRE

You are now requested to answer a brief series of questions concerning your opinions of
the computerized system you’ve just been using. It is important that you answer these
questions with the answer that best represents your attitude to the particular area of the
question. Specificall y, the questions require you to numericall y rate certain aspects of the
computerized system. Even though you may not have a strong feeling one way or the
other , please select one of the numerical ratings that best characterizes your attitude to
that particular area.

You will note that the questions are answered using the computer. Please be careful that
you select the correct number for your answer. If you make an error , press the “DEL” (or
A) key. When you are satisfied with your answer for that particular question, press the
“RETURN” key.

Please answer the following series of questions with a numerical rating in the
range of 1-5. 1 = Very Poor, Unacceptable, etc. 5 = Excellent , Completely
Acceptable , Easy to Use, etc. (1-2 implies a generally negative response, 4-5
a generally positive one.) However , a specific numerical scale will be given for
each question.

1) COMMANDS: EASE OF USE--

1 = Difficult to use.
3 — Easy to use, but somewhat confusing.
5 Easy to use, no confusion as to meaning.

2) COMMANDS: CLEAR AND MEANINGFUL FUNCTIONS--

1 — Commands produced results completely different from what was expected.
- 

-

- -- 3 — Some commands were clear and simple, others were very confusing.
5 — All commands were completely clear.

3) COMMANDS--

1 — Would liked to have had a number of additional commands available to make the tasks
easier to accomplish.

3 — Some additional commands would have been useful.
5 — Available commands were completely adequate to accomplish tasks.

4) SCREEN: BRIGHT ENOUGH?

- 

- 

1 — Too dim, completely unreadable.
3 • Too dim, but readable.
5 — Brightness just right.

5) SCREEN: LARGE ENOUGH?
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1 = Screen size too small, completely unreadable
3 • Screen size too small, but readable
5 — Screen size just right

6) CHARACTERS: LEGIBLE, ADEQUATE SIZE, ETC.--
1 — Characters too small or awkwardly shaped
3 — Character size and shape adequate, but some difficulty in reading

-
. 

1 5 — Character size and shape jus t righ t

7) PRINTING FORMAT: READABLE?

I — Format unclear, jumbled, etc. Unreadable.
3 • Format readable, but not outstanding.
5 • Format excellently arranged and completely readable.

8) PRINTING FORMAT: SUFFICIENT DATA?

1 — Completely insufficient data to adequately complete tasks.
3 — Just barely sufficient data, but would have been able to utilize more.
5 — Data presented was completely adequate to complete tasks.

9) COMPUTER SYSTEM SPEED--

1 —  Too slow
3 — Just right
5—Too fast

10) VARIATION IN COMPUTER SYSTEM SPEED--

1 — So much variation in computer and printing speed that system was difficult and
bothersome.

3 — Some variation in computer speed and printing speed, but not enough to be
- 

- . bothersome.
5 • Little or no variation in the speed of the computer system.

11) PRINTING SPEED--

1 — Too slow
3 • Just right
5-To o fast

12) VARIATION IN PRINTING SPEED--

1 — Far too much variation for easy reading of output
3 • Some variation, but no great difficulty in reading
5 — Output was smooth and easy to read

13) PROCESSING TIME--

1 — System took way too long to do what should have been simple tasks.
3 — System took about the time you would have expected.

— 
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5 — Too fast , felt rushed, etc.

14) WAS THE TRAVEL MESSAGE PROCESSING SYSTEM USEFUL IN ANSWERING THESE
QUESTIONS?

1 — Completely useless, confusing, etc. Answering the questions was an exercise in
futility.

3 — Found the system marginally useful, but some aspects were difficult to use, too slow,
confusing, etc.

5 — Completely useful, no confusion in the use of the system. Speed of system was just
right, easy to adapt to.

15) SUPPOSE YOU HAD TO ACTUALLY ANSWER THE TRAVEL QUESTIONS BY GOING THROUGH
THE MESSAGES BY HAND. HOW MUCH IS THE TRAVEL MESSAGES COMPUTER
PROCESSING SYSTEM WORTH TO YOU IN ORDER TO SAVE YOU THE EFFORT OF DOING
THIS BY HAND?

- - 1 — No advantage seen in using the computer system. Would much prefer to perform
these tasks by hand.

3 — No strong feeling one way or the other.
5 — Much prefer using the computer system rather than having to answer these questions

by going through the messages by hand.

16) DID YOU FEEL A NEED FOR MORE MATERIALS ON THE FUNCTIONS AVAILABLE IN THE
SYSTEM?

1 — Available materials were completely useless.
3 = What was available was useful, but more information was needed.
5 — All available material was useful, no more information was needed.

17) YOUR OVERALL RATING OF INPUT TO THE COMPUTER--
(Use a 1-5 scale as explained in the top portion of the screen.]

18) YOUR OVERALL RATING OF OUTPUT FROM THE COMPUTER--
[Use a 1-5 scale as explained in the top portion of the screen.]

Please type your general comments on the functions provided, their ease of use, and your
general feelings of frus tration or satisfacti on in the use of the system. Be certain to

* address yourself to your feelings in regards to the delays in output , and the general
speed of the system, par ticularly if the load average was high and you noted unacceptable
delays in system performance.

.- *  
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IIPPI IWIX 4

SAMPLE MESSAGES

To: TRAV EL DEPT.
From: Alan Schwartz
Subject: Travel, San Francisco, Feb. 2 a.m.
Date: 31 JAN 76 1303-PST
Message:
Please reserve 2 seats to San Francisco on Feb. 2 a.m. for me and

Arnold Serkin
Return: OPEN
Thanks

To: TRAVEL DEPT.
From: David Simpson
Sub ject: Travel , Des Moines, Jan. 4 p.m.
Date: 31 JAN 76 1303-PST
Message:
Please reserve 4 seats to Des Moines on Jan. 4 p.m. for me and

Jane Doe
Arnold Serkin
John Wilson

Return: Jan. 8
Thanks

To: TRAVEL DEPT.
From: Arnold Serkin
Subject: Travel, Miami, April 23 a.m.

- - 

- 
-
~ Date: 31 JAN 76 1303-PST

Message:
- : Please reserve 3 seats to Miami on April 23 a.m. for me and

Sim Farar
Alan Schwartz

- 
- - Return: April 27

Thanks
— To: TRAVEL DEPT.

From: Larry Miller
- 

— Subject: Travel, San Diego, April 2 a.m.
Date: 31 JAN 76 1303-PSI
Message:
Please reserve 3 seats to San Diego on April 2 a.m. for me and

David Simpson
John Wilson

Return: April 6
-
. Thanks 
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