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EXECUTIVE SUMMARY

INTRODUCTION

Developing a system that promotes ease of interaction with the computer can not only aid learners
in the effective assimilation of new or difficult material, but may also inhibit any demotivating influences
which may result from difficulty in interacting with the system. Incorporating good user-computer interface
(UCI) in a conputer-aided instruction (CAI) exercise that is designed in accordance with human factors
guidelines can lead to increased training efficiency by reducing stress and errtws made on the part of the
learner.

Hamel and Clark (1) developed a checklist based on five human factors principles found to
cotnbute to good UCI as outlined by Williges and Williges (2). These five principles (brevity,
consistcy, flexibility, compatibility, and responsiveness) are made up of identifying characteristics that
were embedded into an expeimental training program, as they have never been formally studied, nor
empirically assessed as to their contribution to UCI.

The objective of this research was to evaluate how subjects rated these characteristics' contribution
towards ease of interaction and training gain and to develop a handbook for CAI designers with a weighted .-r
scoring technique based on these subject ratings.

METHOD

Forty-five subjects from the University of Central Florida voluntarily participated in this 0
experimenL An IBM PC/XT with single floppy, hard disk drive. 640 KB memory, and color monitor was
used to run the pretest, the CAI program embedding the UCI characteristics, and the postest, accordingly,
for each subject, on an individual basis. A questionnaire was developed using a seven-point Likert scale so
that subjects could rate the perceived effectiveness of the UCI characteristics with regards to ease of
interaction and training gain. Additionally, the questionnaire was convened to a handbook with illustrative
examples for courseware designers to use in evaluating the user-computer interface of a CAI exercise.

RESULTS AND DISCUSSION

The data recorded was subjected to a full model multiple regression correlation analysis to
determine the contribution of each category to ease of use of the CAI program. The results of the analyses
indicated that each category significantly contributed to perceived ease of use of the CA exercise. This
empirically substantiates the principles proposed by Williges and Williges (2). Subjective ratings of the
importance of each characteristic to ease of use and training gain were averaged for each of the five
categories. Category means were used in a multiple regression analysis to predict actual training gain.
Responsiveness contributed a significant amount of the variance in both sets of ratings. Consistency made
a significant contribution to the variance when the ease of use ratings were analyzed.

The results provide a checklist with a weighted scoring method for the evaluation of CAl. The
data also provides direction for future research.
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SECTION 1

INTRODUCTION

Learning new and involved information can be taxing enough without the added pressure of
understanding the medium of instruction, especially in a computer oriented setting (3). A computer-aided
instruction (CAI) exercise designed in accordance with human factors guidelines can help learners interact
with the medium with reduced stress and errors. Therefore, the ease with which learners interact with the
computer can contribute to the efficiency of processing students through computer based instruction. Thus,
user-computer interface (JCI) is an important concept to be addressed in any CAI exercise so that training
efficiency can be maximized.

Recently Hamel and Clark (1) developed a checklist of items which have been espoused by experts
to contribute toward the ease with which trainees can interact with CAI systems. Hamel and Clark's (1)
report cites numerous studies which recognize that the user-computer interface can contribute towards the
acceptance of CAI by the user in order to maximize the utility of CAI (See Section VI, Bibliography).
CAI designed with the best instructional technology can suffer from lack of acceptance by the user
community due to a poorly designed UCI.

Poorly designed UCI may also promote processing difficulties for the trainee. In so doing,
interference in assimilating information can have negative learning affects as well as demotivating the user
to interact with a frustrating system. Therefore, UCI may directly affect training gain along with its impact
upon training efficiency and user acceptance. Since the trainee is, in essence, an information processor, and
since information processing is a necessary prerequisite for learning, UCI can directly affect both training
gain (learning) and training efficiency. However, because learning is dependent upon processing
information and computer interfaces provide the source of information, it is difficult to separate the impact
of this information on learning independent from its effects upon training efficiency.

The checklist developed by Hamel and Clark (1) contains human factors design guidelines for CAI
organized into five categories which are based on principles of UCI suggested by Williges and Williges (2).
The checklist categories - brevity, consistency, flexibility, compatibility, and responsiveness - contain
guidelines which support the principle. The guidelines were produced from a review of the behavioral
research literature, existing UCI guidelines, and verbal reports of experienced CAI developers. The
categorized checklist items were distributed to one expert each in the areas of computer software, education,
and human factors for their review and comments. They provided constructive comments on the clarity and
importance of items and their appropriateness to a given category. The authors used these comments to
make appropriate modifications to the checklist. A checklist scoring method was developed which allowed
quantitative measurement of those qualities of the UCI represented by the five checklist categories. The
principles used to define the categories are described below.

Brevity is a concept that deals with shortness and conciseness. In particular, brevity is concerned
with minimizing the amount of information to be attended to.

Consistency enables the learner to predict what is expected of him/her and is of particular interest
in any training program. The format and the location on the screen where specific kinds of information are
placed are kept constant. In this way, the learner should be able to relate more easily to the task at hand
instead of being more concerned with sudden changes in the format.

Flexibility helps to meet the different and changing needs of the learner. Each individual
interacting with the training program may have different preferences for mode of interaction as well as
different learning abilities. Thus, flexibility can be built into a system to ensure that every learner has an
equal opportunity to master the material at an appropriate pace and to be presented the material in an
appropriate sequence.

Compatibility refers to the agreement between typical expectations and the manner in which
information is presented. The learner should be able to interact with the computer in a manner which fits ,
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preestablished conceptions. For example, red and green commonly suggest negative and positive meanings
(Le., incorrect/correct responses). Additionally, text is typically presented in a left-right sequence.

Responsiveness deals with providing the learner with informative feedback at the appropriate time.
It also gives information to the student about the operations of the system. Responsiveness can be
incorporated into a training program so that every individual knows where he/she stands and can choose a
suitable path to fit one's own learning needs.

The following research was undertaken to meet several objectives: (1) to evaluate the contribution
of these five principles to ease of interaction with a CAI program, (2) to determine the relative
effectiveness of characteristics within each category in order to supply weights for each characteristic, (3) to
determine the impact of characteristics on training gain, and (4) to develop a handbook for CAI designers
describing and providing examples of each characteristic along with a scoring technique to evaluate CAI
programs.
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SECTION II

METHOD

SUBJECTS

Forty-five subjects having some college background participated in this research on a voluntary
basis. These subjects were students and/or personnel from the University of Central Florida. There were 17
males and 28 females between the ages of 18 and 50 years. Two subjects were excluded because they failed
to complete the ratings. Another three were excluded because they placed maximum subjective ratings in
all categories for all characteristics of their evaluations. (It was felt that this data reflected a lack of
diligence in providing evaluations on the part of these test subjects.) Two additional subjects were
eliminated from the training gain part of the experiment as they obtained perfect pretest scores and would
therefore not show any training gain.

MATERIALS

An IBM PC/XT with single floppy, hard disk drive, 640 KB memory, and color monitor served as
the training workstation. The Trainer Turned Author authoring system (distributed by Raster Sciences,
Inc.) was used to create the pretest and posttest as well as the CAI program.

The CAI program consisted of a series of graphic and text frames developed to instruct students in
logic diagramming. The instruction consisted of translating verbal statements of formal logic syntax into
graphic diagrams and translating graphic diagrams into verbal statements of formal logic. At the simplest
level, the student is taught how to translate one verbal statement of formal logic into a graphic diagram.
An example of a typical page of instruction from the training program as viewed by subjects is shown
below in Figure 1.

Press F1 To Stop) (Press F2 To Backup)
2

1:1 "All" statements

The diagram below displays the statement
'all A's are C's'.

EXAMPLE 1 IS CORRECT

All A's are C's =

The entire circle A Is within circle C.
Thus, 'all A's are C's' is shown.

PRESS ANY KEY TO CONTINUE 'p.

Figure 1. A Simple Instructional Frame from the CAI Program
e'

At the most difficult level, the student is instructed how to translate seven verbal statements of formal logic
into a graphic diagram. Figure 2, shown below, is another example from the training program depicting a
typical page in a lesson sequence.

3
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Press F1 to Stop) (Press F2 To Backup)
88 3

3:1 Multiple statements
STATEMNT 1 IS CORRECr

All D's Are F's And H's Equals The Below

All A's are C's
Not All F's are As
No Bs are C's
Some Fs are B's
All C's are H's
No H's are B's
All D's are C's
Circle D is entirely within A. C. H, and F.
Circle D could have been drawn anywhere
within all of C and still conformed to the above
statements. Thus. this answer can be concluded
by the "All C's are H's" statement.

PRESS ANY KEY TO CONTINUE

Figure 2. A Difficult Instructional Frame from the CAI Program •

The instructional sequence progressed from the simplest to the a:ost difficult as the examples of
Figure 1 and Figure 2 demonstrate. It was assumed that no special skills were required of the college level
students to complete the course of instruction.

A questionnaire incorporating a seven- point Liken scale for each characteristic was developed in 1
order for subjects to subjectively weigh the contribution of each characteristic to training gain and to ease of
use of the CAI program. This questionnaire was developed to also serve as a handbook for courseware
designers to use in evaluating their CAI programs in terms of user-computer interface design.

PROCEDURE

All subjects read and then signed a consent form before participating in the research. The consent
form emphasized that a subject could discontinue participation at any time without penalty and that all
personal information would be kept strictly confidential. A statement of standard instructions concerning
the objective of the experiment was given to each subject to read prior to participation. Il

First, each subject took a six-question pretest to assess his/her prior knowledge of logic S
diagramming, the topic presented in the CAI program. Subjects then underwent the training program which
embedded the various UCI characteristics presented in Appendix A. Subjects were instructed to go through
each of the four levels of the training program sequentially to ensure that they would view all of the UCI
characteristics. Following completion, they took a posttest identical to the pretest to assess their gain in
knowledge.

Following the posttest, each test subject then paged through the questionnaire of UCI features (see
Appendix A). Each subject was presented with the categories of UCI characteristics in one of five
counterbalanced orders so as to minimize any order of presentation effects of questionnaire items. For each
item of the questionnaire, subjects judged the contribution of each feature by circling a number ranging
from one to seven on a Liken scale. Each item was judged for contribution towards ease of use of the
system. Following judgements on all characteristics for ease of use, subjects were instructed to record their
judgements on each characteristic's contribution to training gain.

4-eA .0.-.,
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ANALYSIS

The simultaneous model for multiple regression correlation (MRC) analysis was selected for
purposes of data analysis (4). This model is most appropriately used as compared to a hierarchical or 0
stepwise model when there is no a priori rationale for ordering variables in terms of their importance (5).
The first set of analyses is analogous to an item iu4dysis whereby item to total correlations are obtained (6).
The ratings for each characteristic in each category were correlated to the sum totals of all ratings for all
subjects. The sum totals of all ratings for each subject were converted to z scores. This set of analyses was
conducted to determine the contribution of each characteristic within each category to the total of all ratings.

A second set of analyses was conducted to compare ease of use and training gain category ratings to

actual training gain. First, the ratings were averaged for each category. Then these averages were used in a
multiple regression analysis which computed the relative contribution of each category variance to actual
training gain. Two multiple regression analyses were conducted, one on the ease of use ratings and the
second on the training gain ratings. **..

A power analysis was also conducted to determine the number of test subjects needed to obtain •
reliable results for large effect sizes. In an analysis of partial regression correlation coefficients, a power of
.80 can be obtained for large effect sizes employing 40-50 test si.ujects. This determination of power was
calculated employing the conventions described by Cohen (7). Additionally, a post hoc power analysis was
conducted to aid in evaluating the potential for finding other characteristics which might yield significant
results given that more test subjects are run. This post hoc analysis allows the experimenter to determine if
characteristics having a medium effect size might prove to be significant in the event that additional test
subjects are run or further research is conducted.

In the present context, a large effect size is associated with a partial variance of approximately .20.
Therefore, effect sizes approximating .20 would have a power of .80 if approximately 40-50 test subjects
were run. A medium effect size, in this context, is associated with a partial variance of approximately .09.
To obtain a power of .80. given this effect size, approximately 90-100 test subjects would have to be run.
A small effect size, in this context, is associated with a partial variance of .02. To obtain a power of .80,
given this effect size, approximately 400 test subjects would have to be run. To have reliable large effects,
in this study, 45 subjects were tested. To reliably detect medium and small ef.ct sizes among the
characteristics identified, an N of approximately 90-100 and 400 would be required, respectively. Running
these large numbers of subjects was beyond the scope of this initial effort. However, by examining
characteristics which have medium effect sizes, experimenters can get some insight as to the likelihood of
certain characteristics proving to be significant upon further research or extensions of the present research.
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SECTION M 'I'

RESULTS W.

TRAINING GAIN .k

On the average, there was a 52% improvement, as measured by pretest and posttest scores by
subjects who completed the CAI logic diagramming program. The mean training gain for pretest scores
was 52.58 and for posttest scores was 79.82, with a standard deviation of 25.99 and 20.65, respectively.

RATINGS OF EASE OF USE

The mean scores of ratings of the importance of checklist items to ease of use ranged from 4.35 to
6.35. Table B-1 provides the means and standard deviations of all ease of use ratings. The sums of all
ratings for each subject were converted to z scores. These z scores were used in the multiple regression
analyses performed on the ease of use data.

Full model multiple regression analyses (4) were conducted to determine the contribution of A

characteristics to the total ease of use variance. Liken Scale ratings for each characteristic within each
category were correlated with the z scores obtained for each subject. Five multiple regression analyses were
conducted, one for each of the five categories. Tables 1-5 show the results of these analyses. All of the
categories had a multiple R significant atp < .05, indicating that the variances of all categories contributed S
significantly to the overall variation.

Effect sizes are represented by the partial r2 's in the last column. According to a power analysis,
several items demonstrated large effects. That is, they contributed more than 20% (approximately) of their
category variance. These items are marked by an asterik in the tables. Several items demonstrated medium
effects. That is, they contributed more than 9% (approximately) of their category variance. These items are
marked by a crossbar in the tables. The coefficients in the first column, which are directly correlated with
the partial r2's are the Beta weights used to derive the weighted scoring method for the CAI Evaluation 4,
Handbook (8).
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TABLE 1. CONTRIUnON OF INDIVIUAL CHARACIISTICS OF BRIT TO EASE OF NTRACnON

Regression Analysis
Chateistic Coefficient Std. Enr T (DF=-29) Prob. Parial rA2

Text broken into meaningful chunks 0.24 0.09 2.58 .015 0.19 *

Seven to eight lines of text per screen 0.02 0.08 0.20 .842 0.01

Graphics take up 15-25% of screen area -0.01 0.05 -0.12 .903 0.01

Menus have no more than 5-9 choices 0.07 0.08 0.86 .397 0.02

Use of color, boxing, highlighting, and 0.04 0.09 0.42 .678 0.01

text style for important items

No more than 3-4 screens without 0.32 0.09 3.38 .002 0.28 *

interactivity

Time required for a session is within 0.05 0.05 1.00 .324 0.03

attention span of audience

Sentences have simple syntax: active -0.06 0.08 -0.69 .493 0.02

voice, not compounded

Data entries are no more than 8-10 0.14 0.07 2.03 .052 0.12 t

characters

Field width for each line is 40 0.06 0.08 0.73 .473 0.02

characters or less

CONSTANT -5.02

Adjusted R Squared =0.84 Analysis of Variance

Source Sum of Squares DF Mean Square F Ratio Prob.
R Squared = 0.88

Regression 34.23 10 3.42 20.80 1.25E-10
Multiple R = 0.94

Residual 4.77 29 0.16

ITotal 39.00 39
=demonstrate large effect sizes (contribute more than approx. 20% of their category variane)
= demonstrate medium effect sizes (contribute more than approx. 9% of their category variance)

7
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TABLE 2. CONTRIBUTION OF INDIVIDUAL CHARACTERISTICS OF CONSISTENCY TO EASE
OF INTERACTION

Regrssion Analysis
Characteristic Coefficient Std. Error T (DF=29) Prob. Partial rA2

Functionally alike screens are formatted 0.02 0.15 0.14 .89 0.01

in the same way

When erased, functional areas are 0.31 0.18 1.74 .09 0.09 t

rewritten in the same order

Consistent use of labels and graphics 0.01 0.11 0.12 .90 0.01

Cntical information comes at beginning 0.12 0.11 1.03 .31 0.04

of message or centered on screen

Constant delay of feedback -0.08 0.09 -0.85 .40 0.02

Similarity in the way questions are 0.18 0.13 1.35 .19 0.06

asked and responses are made

Overall structure is clear through 0.06 0.06 0.98 .34 0.03

use of menus and maps

A symbol always has the same meaning 0.20 0.10 2.05 .05 0.13 t

Input prompts are always in the 0.10 0.12 0.78 .44 0.02

same area of display

Page numbers shown in upper right-hand 0.04 0.05 0.93 .36 0.03

comewr for multiscreen transactions

CONSTANT -5.66

Adjusted R Squared =0.79 Analysis of Variance
Source Sum of Squares DF Mean Square F Ratio Prob.

R Squared =0.84
Regression 32.86 10 3.29 15.53 4.13E-09

Multiple R = 0.92
Residual 6.14 29 0.21

I Total 39.00 39

t = demonstrate medium effect sizes (contribute more than approx. 9% of their category variance)

8
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TABLE 3. CONTRIBUTON OF INDIVIDUAL CHARACTERISTICS OF FLEXIBILITY TO EASE
OF INTERACTION

Regression Analysis
Characteistic Coeficient Std. Error T ODF=-29) Prob. Partial rA2

Students can page back to review 0.16 0.12 1.31 .202 0.06

Students can exit lessons, return to 0.07 0.09 0.72 .478 0.02 -

menus, and -'xit the program "

Student has control ov te of 0.19 0.13 1.52 .138 0.07

presentation of frames

Student can request more lengthy -0.14 0.16 -0.89 .381 0.03

messages for further clarification

Activities for diagnosis of skills 0.20 0.12 1.68 .104 0.09 t

already mastered

Remedial exercises for skill deficiencies 0.06 0.14 0.42 .678 0.01

Modularized program allows student -0.00 0.12 -0.03 .979 0.01

to begin at appropriate place

Student can choose difficulty level of 0.09 0.11 0.84 .408 0.02

problems or exercises

Student can correct input errors -0.12 0.08 -1.53 .137 0.07

Student can choose an important option 0.36 0.09 4.17 .001 0.37

and implement it at any time

CONSTANT -5.04 ?,NI

Adjusted R Squared =0.75 Analysis of Variance
Source Sum of Squares DF Mean Square F Ratio Prob.

R Squared 0.81 __________________________
Regression 31.61 10 3.16 12.41 5.27E-08

Multiple R --0.90

Residual 7.39 29 0.25

Total 39.00 39
= demonstrate large effect sizes (contribute more than approx. 20% of their category variance)

I = demonstrate medium effect sizes (contribute more than approx. 9% of their category variance)
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TABLE 4. CONTRIB1IMON OF INDIVIDUAL CHARACTERISTICS OF COMPATIBILITY TO EASE
OF INTERACTION

Reession Analysis
Charateristic Coefficient Std. Error T (DF=25) Prob. Partial rA2

Response mode is appropriate to 0.06 0.07 0.87 .395 0.03

audience

Students are required to use codes for 0.08 0.07 1.20 .242 0.05

responding only when necessary

Visual information and tasks are 0.06 0.08 0.77 .446 0.02

presented graphically

Where frames are labeled, title, not -0.03 0.03 -0.81 .423 0.03

number is used for identification

Input, output is consistent with user 0.06 0.04 1.36 .186 0.07

population stereotypes

Menu options are listed by number 0.29 0.06 4.75 .001 0.47 *

where order of lessons is important

A sample item is answered before quiz 0.23 0.06 4.09 .001 0.40 *

to clarify drill or test instructions

Response is demanded while instructions 0.08 0.07 1.27 .216 0.06

are on screen

, Routing menus are limited to three levels 0.06 0.10 0.59 .563 0.01

Text is displayed row by row 0.04 0.12 0.33 .748 0.01

Opposite colors are used to make items 0.03 0.05 0.75 .458 0.02

distinct

(table continues)

10
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Regression Analysis
auracteristic Coefficient Std. Error T (DF=25) Prob. Partial rA2

Graphics are used for further clariition 0.03 0.09 0.29 .777 0.01

of text

Menu selections are leftjustified 0.16 0.07 2.10 .046 0.15 t

and in columns

Diecions come before menu selections -0.13 0.10 -1.40 .175 0.07

CONSTANT -5.64

Adjusted R Squared = 0.92 Analysis of Variance
Source Sum of Squares DF Mean Square F Ratio Prob.

R Squared = 0.95
Regression 36.94 14 2.64 32.04 1.79E-12

Multiple R = 0.97
Residual 2.06 25 0.08

',,.
I Total 39.00 39

derpc

= demonstrate large effect sizes (contribute more than approx. 20% of their category variance) N
1" = demonstrate medium effect sizes (contribute more than approx. 9% of their category variance)
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TABLE 5. CONTRIBUITION OF INDWVIUAL CHARACTERISICS OF RESPONSIVENES TO EASE
OF INTERAcTION

Regression Analysis

Characteristic Coefficient Std. Error T (DF-=30) Prob. Partial rA2

Periodic fed ainicates normal 0.14 0.08 1.74 .09 0.09 t

* operation when waiting

Computer tacks responhe patterits -0.01 0.10 -0.13 .90 0.01

and gives option to pursu remnediation

Feedback and directions are 0.09 0.05 1.80 .08 0.10 t

* distinguishable from other text

At higher levels, more lengthy feedback -0.03 0.11 -0.27 .79 0.01

is delayed until end of session

Pause after feedback allows 0.25 0.10 2.54 .02 0.18

* consolidation of material

Access to helps references, or resources 0.15 0.09 1.70 .10 0.09 t

are easily available

Feedback is response specific at 0.14 0.10 1.35 .19 0.06

beginning of training

Takes no more than 5 seconds for text 0.05 0.09 0.62 .54 0.01

and graphics to fill screen

More dun one chance to give answer 0.21 0.07 2.84 .01 0.21

'4,CONSTANT -5.57

Adjusted R Squared =0.81 Analysis of Variance
Source Sum of Squares DF Mean Square F Ratio Prob.

R Squared 0.85 ______________________________
Regression 33.27 9 3.70 19.36 3.48E-10

Multiple R =0.92

Residual 5.73 30 0.19

__________________Tota 39.00 39
demonstrate lar~ge effect sizes (contribute more than approx. 20% of their category variance)

t =demonstrate medium effect sizes (contribute more than approx. 9% of their category variance)
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LARGE EFFECT SIZES

In accordance with the power constraints placed upon the design and analysis of the experiment,
those significant results for large effect sizes (i.e., r2 a .20) are shown below.

Ease of Use Ratings on Individual Characteristics Related to Overall Ease of Use Score

The significant large effect size characteristics for ease of use ratings on individual characteristics
related to overall ease of use scores are shown below.

B rvit. "Text broken into meaningful chunks" was found to account for 19% of Brevity's
contribution to ease of interaction (p < .015). Also "No more than 3-4 screens without interactivity"
accounted for 28% of Brevity's contribution to ease of interaction (p < .002).

Flexibility. "Student can choose an important option and implement it at any time" accounted for
37% of Flexibility's contribution to ease of interaction (p < .001).

Compatibility. "Menu options are listed by number where order of lessons is important" and "A
sample item is answered before quiz to clarify drill or test instructions" accounted for 47% (p < .001) and
40% (p < .001), respectively, of Compatibility's contribution.

Responsiveness. "Pause after feedback allows consolidation of material" and "More than one
chance to give answer" accounted for 18% (p < .02) and 21% (p < .01), respectively, of Responsiveness's
contribution to ease of interaction.

MEDIUM EFFECT SIZM

Some characteristics that are categorized under a medium effect size do meet significance criterion
and some do not. Those which do meet an alpha criterion, however, do not meet beta criterion or power
criterion. Therefore, their reliability is questionable. Due to the nature of this screening experiment, it is
felt that medium effect sizes are worthy of further research consideration employing a larger number of
subjects.

Ease of Use Ratings on Individual Characteristics Related to Overall Ease of Use Score

The medium effect size characteristics of ease of use ratings on individual characteristics related to
overall ease of use scores are shown below.

Brevity. "Data entries are no more than 8-10 characters" accounted for 12% (p <.052) of brevity's
contribution to ease of use.

Consistency. "When erased, functional areas are rewritten in the same order" and "A symbol
always has the same meaning" accounted for 9% (p < .09) and 13% (p < .05) of consistency's contribution
to ease of interaction.

Flexibility. "Activities for diagnosis of skills already mastered" accounted for 9% (p < .104) of
flexibility's contribution to ease of interaction.

Copatibility. "Menu selections are left justified and in columns" accounted for 15% (p < .046)

of compatibility's contribution to ease of interaction.

Resnsiveness. "Periodic feedback indicates normal operation when waiting"," Feedback and
directions are distinguishable from other text", and "Access to helps, references, or resources are easily
available" accounted for 9% (p < .09), 10% (r < .08), and 9% (p < .100) of responsiveness's contribution

to ease of use, respectively.

13
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COMPARISONS OF EASE OF USE AND TRAINING GAIN RATINGS

The mean scores of ratings of the importance of checklist items to training gain ranged from 3.24
to 6.63. Table B-2 provides the means and standard deviations of training gain ratings.

These ratings were used in a multiple regression analysis which averaged ratings in each category
and then looked at the relative contribution of the category to actual training gain. The same type of
regression analysis was done with the ease of use ratings, so that the two could be compared on their
relationship to training gain. The results are shown in Tables 6 and 7.

Table 6 indicates that the responsiveness category contributed a significant amount of the variance
(p < .02) accounting for 17% of the overall variation. The correlation was negative, i.e., the ratings of the
importance of responsiveness to training gain were inversely related to actual training gain.

Table 7 indicates that two categories, responsiveness and consistency, contributed a significant
portion of the variance (p < .02) accounting for 24% and 17% of the overall variation, respectively. The
correlations were negative, L~e., the ratings of the importance of responsiveness and consistency to ease of
use were inversely related to actual training gain.

14
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TABLB 6. CO lEUIBUTION OFTRAINING GAINRATINGS OFMAIN CATEGORIES TO TRAININ GAIN

Regress*=n Analwms
awacstic Coefficiet Sd Erm" T (DF-32) Prob. Partial r^2

Brevitky -028 0.28 -0.99 .33 0.03

Co siecy -0.29 0.29 -097 .34 0.03

Fle'bility 0.21 0.18 1.19 .24 0.04

Compatibility 0.47 0.25 1.86 .07 0.10

Responsiveess -0.74 0.29 -2.55 .02 0.17

S

CONSTANT 3.49

Adjusted R Squared -0.23 Analysis of Variance
Source Sum of Squares DF Mean Square F Ratio Prob. 0

R Squared 034
Regression 12.43 5 2.49 3.24 0.02 .

Multiple R = 0.58
Residual 24.57 32 0.77

Total 37.00 37

15
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TABLE 7. CONTR1BUTION OF MAIN CATEGORIES EASE OF USE RATINGS TO TRAINING GAIN

Regrssion Analysis

amisc Coefficient Std. Eror T (DF=32) Prob. Patial 1^2

B vity 0.25 0.24 1.03 .310 0.03

Cdsitency -0.76 0.24 -3.20 .003 0.24

Flexibility 0.29 0.17 1.68 .103 0.08

Compatibility 0.45 032 1.39 .174 0.06

Respor.siveness -0.74 0.29 -2.53 .017 0.17

CONSTANT 3.01

Adjusted R Squared =0.34 Analysis of Variance
Sou re Sum of Squares DF Mean Square F Ratio Prob.

R Squared 0.43
Regression 15.83 5 3.17 4.79 2.23E-03

Multiple R = 0.65
Residual 21.17 32 0.66

Total 37.00 37

16
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SECTION TV

DISCUSSION

The major issue of this research was the application of five human factors principles to the design
of the user interface for CAI. A CAI program on logic diagramming was developed using characteristics of
user interface design taken from Hamel and Clark (1). Subjects who completed the lessons showed an
average of 52% improvement as measured by pretest and posttest scores.

Subjects were asked to rate the importance of interface characteristics used to design the CA
program after they completed the lessons. The results of the analyses of subjects' "ease of use" ratings of
the CAI system indicated that each of the categories incorporated into the ratings checklist significantly
contributed to the ease of use variance. Comparisons of mean ratings for each principle revealed
insignificant differences between categories. The results suggest that the categories or principles of brevity,
consistency, flexibility, compatibility, and responsiveness all significantly contributed to ease of use of a
CAI system.

In conjunction with this research, a handbook was developed to explain the user interface
characteristics and provide examples. The evaluation checklist, first developed by Hamel and Clark (1), was
included in the handbook in a revised form. The checklist is intended to be used as a way to determine if
known user interface characteristics have been incorporated appropriately into a CAI system. Based on the
number of characteristics that have been implemented, scores can be obtained for each of the five categories
listed above. With the assumption that some items in the checklist contribute more than others to ease of
use, a weighted scoring method was desired to produce more accurate assessment measures. Subjects in the
experiment were given the revised checklist as part of a handbook to use to rate the user interface of the CAI
logic diagramming program. Weightings indicating the relative contributions of individual items were
derived from the multiple regression analyses performed on the "ease of use" ratings. The Beta coefficients
shown in Tables 1-5 were used to assign weights to the items in the checklist, and this revised scoring
method has been incorporated into the CA Evaluation Handbook (8).

Based on a power analysis, the majority of characteristics found to have made a significant
contribution to their respective categories had large effect sizes; a few had medium effect sizes. Eight
additional characteristics had medium effect sizes but were not significant. A majority of the characteristics
demonstrating a medium effect may have been significant if another forty or fifty test subjects were run
yielding a power value of .80. It is suggested that checklist items with both medium and large effect sizes
be given special attention when conducting UCI research and evaluation. Future research is necessary to
ascertain the importance of the characteristics demonstrating a medium effect size as a result of this
experiment.

The remaining characteristics, which demonstrate small effect sizes, are nonsignificant; however,
the weights derived provide a best estimate of their relative contribution to ease of use. When all of the
characteristics in a category are pooled together, the category contributes significantly to the ease of use
variance. New interface technologies are continuously under development. The contributions of new
characteristics derived from these technologies may have greater effect sizes. Future research efforts may
produce a greater return by focusing upon more recent technological developments, rather than studying the
subtleties represented by the checklist items with small effect sizes.

Further analyses were conducted to determine if perceived ease of use is related to actual training
gain in CA. This question assu,,,?: 'hat a system which is easier to use shall reduce frustration and
interference in learning acth-iues leading to improved training gain. Several characteristics listed in the
checklist could be inferrl to represent both a learning principle and an interface property, increasing the
likelihood that ease of use would be significantly correlated with actual training gain. It was found that
both ratings of responsiveness and consistency were negatively correlated with actual training gain. That is,
the lesser the actual training gain accomplished during the lessons, the higher were the ratings of the
perceived importance of responsiveness and consistency to ease of use. It may be that subjects who were
having trouble learning the CAI material were most in need of a good user interface, and so rated the
characteristics as more important. Along these lines,.other investigators (9) have found an interaction

17
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between student aptitude and training material format. In a controlled study, it was demonstrated that those
with lower aptitudes benefited from the experimental formats more than higher aptitude trainees. Those
with higher aptitudes learned better with the experimental formats, but not to the degree that the lower
aptitude trainees did. Future research on UCI characteristics requires controlled experiments to test the
actual contribution of UCI characteristics to learning. More objective measures of ease of use will be
needed. Such measures could include human information speed, indicated by reaction time, as employed by
Card, Moran, and Newell (10) in their Goals Operations Methods and Selection (GOMS) model. Another
measure could be cognitive complexity measured by the number of productions required to efficiently
interact with the device, as proposed by Kieras and Poison (11).

It is not surprising that the ratings of the importance of responsiveness to ease of use were found
to be correlated with actual training gain. Several characteristics in that category pertain to feedback, which
is obviously related to learning. In another set of abalyses which correlated ratings of perceived training
gain to actual training gain, similar results were found. Subjects' ratings of the importance of
responsiveness to perceived training gain were found to be negatively correlated with actual training gain.

The similarity of subject ratings on ease of use and training gain suggest that subjects did not
distinguish the characteristics along these dimensions. In the special case of the UCI for CAI systems, it
may be impossible to separate these two properties. Future research must take into account the overlap of
the human factors principles described in this research and well-documented learning principles. The human
factors principles, based on human information processing theory, complement well-established theories of
human learning.

In conclusion, the research provides validation of the human factors principles of user interface
design proposed by Wiliges and Williges (2). The research also provides a weighted scoring method for a
CAI evaluation checklist. Statistical analyses aimed at assessing the importance of individual checklist
items revealed directions for future research. An issue of concern for future UCI research is the obvious
overlap of learning principles and interface design principles based on human information processing theory.

18

A w"(



NTSC TR87-030

SECTION V

REFERENCES

1. Hamel, C. J. and Clark, S. L, CAI Evaluation Checklist Human Factors Guidelines for the Design
of Computer-Aided Instruction (Technical Report NTSC T R86-002). Orlando, FL: Naval
Training Systems Center, 1986.

2. Williges, B. H. and Wdliges, R. C.. "Dialogue Design Considerations for Interactive Computer
Systems." In Muckler, F.A. (Ed.), Human Factors Review: 1984. Santa Monica, CA: The
Human Factors Society, pp. 167-208, 1984.

3. Nickerson, Raymond S, Using Comnuters: Human Factors in Information Systems, The MIT Press,
Cambridge, MA, 1986.

4. EcosofL Inc.. Microsta [Computer program). Indianapolis, IN: author, 1984.

5. Cohen, 1. and Cohen, P., Amlied Multiple Regession/orrelation Analysis For the Behavioral
Sciences, Lawrence Erlbaum Associates, Hillsdale, New Jersey, 1975.

6. Nunnally, J. C., Psychometric Theory, McGraw-Hill Book Company, New York. 1967.

7. Cohen, J., Statistical Power Analysis For the Behavioral Sciences (revised edition), Academic Press
Inc., New York, New York, 1977.

8. Williams, K. E., Hamel, C. I., and Shrestha, L. B. CAI Evaluation Handbook: Guidelines for User
Interface Design for Computer Aided Instruction (Technical Report NTSC TR87-033). Orlando,
FL: Naval Training Systems Center, 1987.

9. Hamel, C. I., Braby, Richard, TerreL W.R., and Thomas, G., Effectiveness of Job Training Materials
Based on Three Format Models: A Field Evaluation. TAEG Technical Report 138, Orlando,
FL, 1983.

10. Card, S. K., Moran, T. P., and Newell, A., The Psychology of Human-Computer Interaction.
Lawrence Erlbaum Associates, Hillsdale, New Jersey, 1983.

11. Kieras, D. and Poison, P. G., "An Approach to the Formal Analysis of User Complexity."
International Journal of Man-Machine Studies, Vol. 22, pp. 365-394, 1985.

19



NTSC TR87-030

SECTION VI

0
BIBUIOGR.APH

Anderson, j. R., Cnitive Skin and Their Auiio. Erlbaum, Hillsdale, NJ., 1981.

Barnard. P. ., Hammond, N. V., Moon., T., and Long. J. B., Consistency and Compatibility in Human-
Computer Dialogue." intenational Journal of Man-Machine Stdies voL 15, pp. 87-134, 1981.

Bei em, F, and Ceey, T. L, "Isolation Effect in Immediate and Delayed Recall" Jounal of
Exrimental E holt, v.VoL 99, No. 1. pp. 55-60. 1973.

Boyd. W. A. and Eldridg . I., 'Beyond User Friendly.' TIrining and Develgment Journal. VoL 38, pp.
36-38, 1984. 0

Caldwell, R. M. "Guidelines for Developing Basic Skills Instructional Materials for Use with
Microcomputer Technology." Educational Technology. VoL 20. pp. 7-12, 1980.

Card, S. K., Moran, T. P., and Newell A. The Psychology of Human-Computer Interactions, Erlbaum,

Hillsdale, NJ., 1983.

Cohen, V. B. "A Reexamination of Feedback in Computer-Based Instruction: Implications for
Instructional Design." Educational Technoloy Vol. 25, pp. 33-37, 1985. .,

Eberts and Scheider, W. 'Internalizing the System Dynamics for a Second-Order System." Human FacQrs,r

Vol. 27, pp. 371-394, 1985. e,

Gilmore, W. E. Human Enineering Guidelines for the Evaluation and Assessment of Video Display

UniM. U.S. Regulatory Commission, NUREG/CR-4227. 1985.

Glaser, R. and Resnick, L Instructional psychology. In P.H- Mussen & M.R. Rosenweig (Eds.), Annual
Review of Psychologv. Palo Alto, CA- Annual Reviews, 1972.

Glynn, S. M. and Britton, B. K 'Supporting Readers' Comprehension Through Effective Text Design." .
Educational Technology, VoL 24, pp. 40-43, 1984. ,

Hathaway, M. D. "Variables of Computer Screen Display and How They Affect Learning." Educational

Technology. Vol. 24, pp. 7-11, 1984.

Heines, J. M. Scin Desimn Strategies for Comnuter-Assistd Instruction Digital Press, Bedfoa-1, MA,
1984.

Hunt, E., and Lansman, M. Cognitive theory applied to individual differences. In W.K. Estes (Ed.).
Handbook of Learning and Coenizive Processes. Volume I: Introduction to Concepns and Issues,
Erlbaum, Hillsdale, NJ.

Kartsrud. J . Screen Destln Paper presented at the Computer-Based Training Conferenwe, Dllas,
TX.

Kearsley, G. P. and Hillelsoln, M. I. 'Human Factors Considerations for Computer-Based Training."
joumal for Comiuter-Based Instruction, Vol. 4, pp. 74-84, 1982.

Lee, E. and MacGregor, J. "Minimizing User Search Time in Menu-Retrieval Systems.' IHuman..ctzor,
Vol. 27, pp. 157-162, 1985.

20
. k

~ ~ * '%



a~~~~~J 7.. 4 - .- a .~ dI *.

NISC TR7-030

Mahoney, F. X an Lyday. N. L "DeOp hi W at Counts imn to-Based Ti"ining IuiWngal
OM~hOt Journal, VoL 38, pp. 40-41, 1984.

McCann, P. IL "Development of the User-Computer Interface." Comter Education. VoL 7, pp. 189-
196. 1983.

.lcherson-Turner, C. "CAI Readiness Checklist- Formative Author-Evaluation of CAI Lessons."
Journal of Computer-Based Instruction .VoL 2, pp. 4749, 1979.

SHandbook l,,ma Engineering Guidelines for Mnau ~ee t Infoirmatio Systems, DOD-HDBK-
761.28 June 1985, Washington, D.C.: Department of Defense.

Military Standard Human Engineering Reauirements for Military Systems. Eau'pnenL and Facilities,
MIL-STD-1472C. 2 May 19S,. Washington, D.C- Department of Defense.

Miller, G. A. 'The Magical Number Seven, Plus or Minus Two: Some Limits On Our Capability for
Processing Information." Psycholoc Rri, Vol. 63, pp. 81-97, 1956.

Norman, D. A. Memory and Attention. Wiley. New York, 1976.

Pfeiffer M. G., Miller, I-i E., Platt, W. A.. Green, E. K., Munore, R. T., and Trax-ler, RS. Evaluation
of Interalive A den 1 isc (Device No.11H89). Naval Training Systems Center, Technical Report
TR86-063. Orlando, FL, 1986.

Ramsey, H. R. and Atwood, M. E. Human Factors in Computer Systems: A Review of the Literature.
Technical Report SAI-79- I -DEN, Englewood, Co.: Science Applications, Inc., 1979.

Sawyer, T. A. "Human Factors Considerations in Computer-Assisted Instruction." Journal of Computer-
Based Instruction, Vol. 12, pp. 17-20, 1985.

Schneider, W. and Shiffrin, R. M_ "Controlled and Automatic Information Processing: I. tection,
Search, and Attention." Psychological Review, Vol. 84, pp. 1-66, 1977.

Schwartz, D. R., and Howell, W. C. "Optimal Stopping Performance Under Graphic and Numeric CRT
Formatting." Human Factors, VoL 27, pp. 433-444, 1985.

Shinar, D., and Stern, H. I., Bubis, G., and Ingram, D. The Relative Effectiveness of Alternative Selection
Strategies in Menu Driven Computer Programs. Poceedings of the Human Factors Society -29th
Annual Meeting. Baltimore, MD. 1985.

Snyder, K. M., Happ, A. L., Malcus, L., Paap, K. R., and Lewis, J. R. Using Cognitive Models to Create
Menus. Proceedines of the Human Factors Society - 29th Annual Meeting. Baltimore, MD,
1985.

Swezey, R. W. and Davis, E. G. A Case Study of Human Factors Guidelines in Computer Graphics.
Computer Graphics and Applications, Proceedings IEEE, 71, 22-30, 1983.

Tijerina, L.. Chevalaz, G., and Myers, L. B. Human Factors Ast=Ls of Comomter Menus and Displays in
Military Equipment, Batelle, Columbus, OH, 1985.

Tullis, T. S. "The Formatting of Alpha-Numeric Displays: A Review and Analysis." Human Fatr,
Vol. 25, pp. 657-682. 1983.

Tulving, E. 'Cue-Dependent Forgetting." American Scienti, Vol. 62, pp. 74-82, 1974.

21



NTSC TR.87-030 -

Verk, Deawi 'The Effect of Dqlay Rat and Mwmoy Sqppant on Can=c Beqoeses Thals TOWi
hutuciomu Thie and Response Latency in a Qxpm dLaming EIIviIODCL lmmal
Of CIpuLsBaed ggLeto VoL 6,, pp. 50-54.,1M7.

ywicaM C D.. Sawify, D. I, and Vidulich,. K'CompatbilitY and Resourv Competift Bertween
Mlodalitie of Input, Central Procesmig, and Output.' Fct, Vol 25, pp. 227-248.
1983.

Wn&e. B.;. Statistical Pricinlsin ExperimentAlDesign Mc~raw-Hill New Yor. 1971.

22.



NTSC TR87-030

SECTION VII

APPENDIX A

CAI HANDBOOKCHECKLST TIEMS

The questionnaire was designed to obtain subjective evaluations of the training program. It was
specifically designed to acquire reactions to the contributions of cetain program charactristics towards ease 0
of interaction. The questionnaire was also developed to serve as a handbook describing and providing
examples of how each characteristic could be impleinentad in a CAI program. This handbook can be used
by designers to evaluate the UCI of CAI programs which they create. The handbook/questionnaire was
divided into the five major categories of brevity, consistency, flexibility, compatibility, and responsiveness.
Each category has certain characteristics contained within it. The handbook/questionnaire contains
descriptions of the specific charactistics as well as of the five major categories. Each characteristic is A
accompanied by an example of screens taken directly from the training program. A pair of seven-point
Likert scales was provided on the bottom of each page which described a characteristic; this allowed the >1
subjects to subjectively evaluate the characteristic's contribution towards ease of interaction and training
gain. Figure A-I provides an example page from the handbook..,

The following is a list of those characteristics compiled by Hamel and Clark (1) plus some
additional characteristics grouped by their respective categories. S

- Large portions of text are broken into meaningful "chunks." This minimizes the

amount of information to be attended to at one time.

- No more than seven to eight lines of text per screen.

- Graphics displays take up 15% to 25% of the screen area.

- Main menus and submenus have no more than five to nine choices.

- Use of color, boxing, highlighting, and text style rather than blinking to focus
attention on important items.

- No more than three or four text screens without interactivity.

- The time required for a typical session (or lesson) is within the attention span of the

target audience.

- Sentences have simple syntax: active voice, not compounded.

- Data entries by the student are no more than eight to ten characters.

-The field width for each line is 40 characters or less.

Consistency

- Functionally alike screens are formatted in the same way.

- When functional areas are erased, they are consistently rewritten in the same order.

A-1Ir .0:.

,,V ,. .' , ¢ ; ,. , ; ,.: , : ,,:, -.,,



IMUK

NTSC TR87-030

- Consim use of labels md grphics keeps the amne type of fIme idemtified as
=ch. Dinctions. iwnruis, example, and quion acreme each bave dw
distinctive format.

- Qitical information is always pmsented at the bVinning of a mesme and entred
ca thest'

- Students receive constant delay of feedback (no mote than two seconds), radter than
variable delays.

- Similarity in the way questions are asked and similarity in the way responses ar

- 1%el mucture of the pesentation is evident to die user through the use of menus and
concept maps.

- A symbol has the same meaning all the time.

- Input prompts are positioned in the same area of display consistently.

A page number is always shown in the upper right-hand comer of the display for 4
multiscreen tansactions.

Flexibility

- A page-back capability allows the student to review previous materiaL

- Students can easily exit lessons, return to menus, and exit the program.

- The student has control over the rate of presentation of frames.

- The student can request more lengthy messages if further clarifications are needed.

- The program contains activities for diagnosis of skills already mastered.

- There are remedial exercises for skill deficiencies.

- Modularized program (with menus) allows the student to begin at a point
appropriate to past achievement.

- The student can choose the difficulty level of problems or exercises.

- The student can correct an input error (eg., with BACKSPACE) or recover from"
input errors without disrupting the lesson sequence.

- The student is able to choose an option that is used often or is of critical
importance and implement it at anytime.

£ompatibwizy

- The response mode is appropriate to the target audience. Research has found that
information that is presented auditorily is cognitively compatible with verbal
responses Likewise, information that is presented spatially is cognitively A
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compatble with m r r ponses. Thus in a CAI pcoguum, motor responses ar

- Students ae reuired so e codes for responding only when necemry. as in
multiple choice arswering (e.g., 1-ye, 2-o, is unnecessary coding).

- Visual informaton and visual tUsks such as locating or repositioning are presented
graphically. The trainee is asked in a CAI program to respond to information
which is primarily visual, and consequently graphic or pictorial information should
be presented throughout.

-Where frames are labeled Utle, ntm number. is used for identification.

- Input, output is consistent with user population stereotypes (e.g. correct response
feedback is in gren).

- Where order of lessons is important, menu options are listed by number, not by
letter.

- To clarify drill or test instructions, a sample item is answered before the drill or
quiz begins.

- A response is demanded while instructions on how to respond are still on the
screen.

- Routing menus are limited to a maximum of three levels.

- Text is displayed row by row, not in column formations.

- To make items distinct and separate from one another, opposite colors are used.

- Graphics and illustrations are used for further clarification of text.

- Menu selections available to the student are left justified and in column formation.

- Directions always come before the menu selections.

ReInsiveness

- When the student must stand by, periodic feedback indicates normal operation.

- The computer tracks response patterns and gives the student the option to pursue
further remediation if desired.

- Feedback and directions are clearly distinguishable from other text through the use
of color, boxing, reverse video, etc.

- At higher mastery levels, students are given immediate knowledge of right and
wrong responses, and more lengthy feedback is delayed until the end of the session.

- There is a pause after feedback, before the lesson continues, to allow time for
consolidation of the newly acquired material.

- Access to helps, references, or resources are easily available.

A-3
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- At the beginning of training, feefback is unqpoume specific. (cg., Oft - part of
yoranswer is inconect.")

- It Wk= no moe than five seconds for text and graphics io fill the aceen.

- The student gets mome tan one dance to give the answer (with prompts).

.4
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Fig. A-I. Example Page Frowm Handbook

Examples:

(Press F1 To Stop) (Press F2 To Badup)
14 2

Some A's are C's = ? Press F1 To Stop) (Press F2 To Backup)

D a 3@ DSubmenu for Trairlng Level 2
Press selected number. Then press enter.

Press selected runber. Then press enter. 1. Level 2:1 multiple diagrams of 'air
1. Set I statements
2. Set 2 2. Level 2:2 multiple diagrams of
3. Set 3 'some' and 'not ar
4. Set4statements

ENTER A NUMBER: 3. Return to main menu for view of
training levels

- ENTER A NUMBER:

CHARACTERISTIC: Input prompts are positioned in the same area of display'consistently.

DESCRIPTION: The input prompts are always centred on the bottom of each page. Thus, this is a signal to the user
that a response of some kind is needed. The above examples illustrate this point with bold print
and arrows.

Questions

1. Indicate how much this characteristic contributed towards the ease of interaction with
the computer.

* I I I I
1 2 3 4 5 6 7

Low Medkzn

2. Indicate how much this characteristic contributd towards the amount that was learned.

I I - 1 I I 
1 2 3 4 5 6 7
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SBcION VIII

APPENDIX B

MEANS AND STANDARD DEVIATIONS FOR EASE OF INTERACTION AND
TRAINING GAIN RATINGS

A
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TABLE B-I. MEANS AND STANDARD DEVIATIONS OF SUWBCW EVALUATIONS FOR EASE OF
INTERACTION

Characteristic NMa StUL Dev.

Brevity 5.74 0.95

Text broken into meaningful chunks 5.78 1.33

Seven to eight lines of text per sereen 5.55 1.47

Graphics take up 15-25% of screen area 5.18 1.78

Menus have no more than 5-9 choices 5.95 1.18

Use of color, boxing, highlighting, and text style for important 5.98 1.25

items

No more than 3-4 screens without interactivity 5.70 1.32

Time required for a session is within attention span of audience 5.33 1.47

Sentences have simple syntax: active voice, not compounded 5.93 1.35

Data entries are no more than 8-10 characters 6.10 1.22

Field width for each line is 40 characters or less 5.35 1.49

Consistency 5.79 0.90

Functionally alike screens are formatted in the same way 6.15 1.25

When erased. functional areas are rewritten in the same order 6.00 1.30

Consistent use of labels and graphics 5.83 1.24

Critical information comes at beginning of message or centered 5.98 1.14

on screen

Constant delay of feedback 5.58 1.50

Similarity in the way questions are asked and responses 6.00 1.11

are made

Overall structure is clear through the use of menus and maps 5.15 1.59

A symbol always has the same meaning 6.08 1.25
(table continues)
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Chracteristic Mean St. D .

Input prompts are always in the same area of display 6.18 0.98

Page number shown in upper-ight-hand cmier for multi- 4.35 1.98

sacen transactions

Flexibility 5.74 1.10

Students can page back to review 5.68 1.44

Students can exit lessons, return to menus, and exit the program 5.50 1.71

Student has control over rate of presentation of frames 6.35 1.05

Student can request more lengthy messages for further clarification 5.53 1.55

Activities for diagnosis of skills already mastered 5.70 1.30

Remedial exercises for skill deficiencies 5.58 1.55

Modularized program allows student to begin at appropriate place 5.7C 1.59

Student can choose difficulty level of problems or exercises 5.53 1.52

Student can correct input errors 5.68 1.59

Student can choose an important option and implement it at 5.70 1.51

any time

", Compatibility 5.62 0.84

Response mode is appropriate to target audience 5.50 1.26

Students are required to use codes for responding only when 5.95 1.06

necessary

Visual information and tasks ar presented graphically 5.93 1.35

Where frames are labeled, tide, not number, is used for 4.48 1.81

identification

Input, output is consistent with the user population stereotypes 4.50 1.80

Menu options are listed by number where order of lessons 5.58 1.34

is important
(table continues)
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Oar cteristic Std Dev.

A sample item is aswered before quiz to cai drll Of test 5.68 1.44

instructions

Response is demanded while insructions are on screea 6.20 1.11 0

Routing menus are limited to 3 levels 5.65 1.21

Text is displayed row by row 5.95 1.24

Opposite colors are used to make items distinct 4.95 1.84 0

Graphics are used for further clarification of text 6.08 1.21

Menu selections are left justified and in columns 5.68 1.21

Directions come before menu selections 5.98 1.07 •

Responsiveness 5.70 0.93

Periodic feedback indicates normal operation when waiting 5.95 1.22

Computer tracks rsponse patterns and gives option 5.80 1.32 0

to pursue remediation

Feedback and directions are distinguishable from other text 5.15 1.66

At higher levels, more lengthy feedback is delayed until 5.65 1.46 ,

end of session

Pause after feedback allows consolidation of material 5.78 1.21

Access to helps, rferences, or resources are easily available 5.90 1.10

Feedback is response specific at beginning of training 5.45 1.24

Takes no more than 5 seconds for text and graphics to fill screen 5.88 1.20

Student gets more than one chance to give answer 5.53 1.57

B-4
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TABLE B-2. MEANS AND STANDARD DEVIATIONS OF SURJCIWE EVALUATIONS FOR TRAININ GAIN

Charateristic bleark Std. Dev.

Brevity 5A7 0.86

Text brken into meaningful chunks 5.66 1.38

Seven to eight lines of text per screen 5.26 1.20

Graphics tdk up 15-25% of screen area 5.53 1.16

Menus have no more than 5-9 choices 5.11 1.57

Use of color, boxing, highlighting, and text style for important 5.61 1.24

items

No more than 3-4 screens without interactivity 6.00 1.19

Time required for a session is within attention span of audience 5.03 1.64

Sentences have simple syntax: active voice, not compounded 6.08 1.05

Data entries are no more than 8-10 characters 5.32 1.45

Field width for each line is 40 characters or less 5.11 1.43

Consistency 5.14 0.85

Functionally alike screens are formatted in the same way 5.95 1.11

When erased, functional areas are rewriten in the same order 5.61 1.31

Consistent use of labels and graphics 5.37 1.36

Critical information comes at beginning of message or centered 5.32 1.30

on screen

Constant delay of feedback 5.39 1.55

Similarity in the way questions are asked and responses 5.58 1.27

are made

Overall structure is clear through the use of menus and maps 4.53 1.59

A symbol always bas the same meaning 5.34 1.51

(table continues)
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Chuatistic Mean Std. Dev.

Input prompts are always in the same ama of display 5.08 1.28

Page number shown in upper-right-band corner for multi- 3.24 1.76

een= transactions

Flexibility 5.29 1.33

Students can page back to review 4.74 2.15

Students can exit lessons, return to menus, and exit the program 4.32 2.23

Student has control over rate of presentation of frames 6.39 1.15

Student can request more lengthy messages for further clarification 5.53 1.87

Activities for diagnosis of skills already mastered 6.21 1.23

Remedial exercises for skill deficiencies 6.03 1.35

Modularized program allows student to begin at ap'pr o' Lt place 4.74 1.83

Student can choose difficudty level of problems or exercises 5.42 1.67

Student can correct input errors 4.58 2.13

Student can choose an important option and implement it at 4.97 1.79

any time

Compatibility 5.08 0.93

Response mode is appropriate to target audience 4.95 1.54

Students are required to use codes for responding only when 5.00 1.51

necessary

Visual irformation and tasks are presented graphicaP. 6.24 1.05

Where frames are labeled, tide, not number, is used for 3.47 1.59

identification

Input, output is consistent with the user population stereotypes 4.00 2.03

Menu options are listed by number where order of lessons 4.50 1.61

is important

(table continues)
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ateisic eaM Std. Dcv.

A sample item is answered before quiz to Clarify drill or test 6.39 1.05

instructions

Rasponse is demanded while instuctions wae on ceen 5.84 1.57

Routing menus are limited to 3 levels 4.42 1.48

Text is displayed row by row 5.61 1.42

Opposite colors are used to make items distinct 4.47 1.90 I

Graphics are used for further clarification of text 6.63 0.75

Menu selections are left justified and in columns 4.71 1.35

Directions come before menu selections 4.84 1.57

Responsiveness 5.45 0.87

Periodic feedback indicates normal operation when waiting 3.71 1.94

Computer tracks response patterns and gives option 5.97 1.37

to pursue remediation

Feedback and directions are distinguishable from other text 4.74 1.72

At higher levels, more lengthy feedback is delayed until 5.95 1.35

end of session

Pause after feedback allows consolidation of materal 5.95 1.11

Access to helps, references, or resources are easily available 5.16 1.64 I

Feedback is response specific at beginning of training 6.11 0.98

Takes no more than 5 seconds for text and graphics to fill seen 5.39 1.44

Student gets more than one chance to give answer 6.11 1.45 I
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