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Abstract
The effects of two printed instruction variables on
computer task performance are examined. In written
tutorial instructions , illustrative screen pictographs
were either present or absent, and text was either in a
paragraph or list format. Analysis of errors, help
requests, and completion time showedthat best
performance was i;>roducedby subjects using
list-format instructions containing pictographs.
Implications for improving computer instruction
manuals are discussed.
Introduction
In the last few years human-computer interaction
has been one of the dominant interests in Human
Factors. Most of the efforts in this area have been
focused on computer usability issues (e.g., better
screen displays, input devices). One aspect of
computer usability that has not received as much
attention as it deserves is computer documentation.
The importance of good computer documentation
is obvious to most users. Without adequate documen-tation, computers are virtually unusable .
However, computer documentation tends to be poorly
designed and written.
Much of the research on computer documentation has dealt with comparing the usability of on-line
versus printed documentation (e.g., Hansen, Doring,

& Whitlock, 1978; Muter, Latremouile, Treurniet, &

Beam, 1982; Wright & Lickerish, 1983). Research
examing specific factors of printed computer
documentation has been sparse. Carroll,
Smith-Kerker, Ford, and Mazur-Rimetz (1987-1988)
have shown that learning a text editor using print
instructions can be enhanced by removing
unnecessary verbiage. Foss, Rosson, & Smith
(1982) have shown that modifying the textual content
of standard computer documentation can lead to
substantial improvements on computer task
performance. These studies show computer
documentat ion can be improved, but many kinds of
printed instruction variables have yet to be explored.
The purpose of the present research is to
systematically investigate the effects of two p·rinted
instruction variables on computer task performance.
We examine whether performance on a computer
tutorial task is affected by the presence of embedded
screen pictographs (pictures of the computer
screen). We also examine whether the presentation
of the text in either list or paragraph formats affects
performance.
Although no research has specifically
investigated the effects of screen pictographs in
computer instructions, other kinds of spatial displays
in instructional material have been examined. For
example, Brooke and Duncan (1980} and
Schneiderman et al. (1977) failed to observe
performance differences when comparing purely
verbal instructions to instructions with visual-spatial
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components (e:g., flow charts ). However, Booher
( 1975) and Thomas and Gould (1975) showed
facilitated task performance for spatial format
instructions over verbal format instructions. Why the
addit ion of visual displays facilitated performance in
some cases and not others is not clear. In the
present research another means of displaying
visual-spatial information, screen pictographs , is
examined. An example screen pictograph is shown in
Figure 1.

facilitates reading compreh ension. Frase 2 0 d
Schwartz (1979) suggest that list-format instrudors
facilitate performance because the material is
presented in mean ingful chunks. Lists might also
facilitate performance because the info rmation is
presented in sequenced steps making t he instructions easier to follow and to relocate one's place whe
return ing to the instructions from the computer task.
For these reasons it was hypothes ized that list-format
instructions would produce better computer task
performance than paragraph-format instructions.

Figure 1. Example of computer screen pictograph.

We were also interested in whether the presence
of pictographs interacts with text for mat. It was
hypothesized that the addition of pictograp hs would
benef it performance to a greater extent when
embedded in list-form?t instruct ions thafl in
paragraph -format instructions because in a list fo rmat
they are more prox imal to the associated descriptive
text than in the paragraph format.
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A large body of theory and research in cognitive
psychology suggests that the addition of descriptive
visual-spatial displays should facilitate performance
over verbal description alone. For example, Paivio's
(1971) Dual-Code theory predicts that providing
information in both a verbal and a visual form would be
more beneficial than instruct ions in the written verbal
form only. Thus, it is hypothesized that the addition
of illustrative pictographs will facilitate task
performance over instructions with words alone.
Alternatively, a different prediction can also be made:
The screen pictographs could degrade performance
because their inclusion increases the length of the
instructions which could heighten processing time.

We also examined another variable that might
affect tutorial instruction quality : the format of the
written text. Some text-format variables have already
been investigated. For example, Trotlip and Sales
(1986) have found that left-justttied text is better than
fill-justified text . The research of Gould , Alfaro,
Barnes, Finn, Grischkowsky, and Minute (1987}
suggests that an important factor for the difficulty of
roading computer text versus printed text is letter
resolut ion differences . No research has examined
the effects of paragraph /prose versus list/outline
formatted text in computer documentation, but there
has been some related research in non-computer
instructional domains . For example, Hartley (1978,
1980} demonstrated that vertica l spacing of text

Experiment 1
Method
Subjects . Thirty-two male and female University
of Ric hmond undergraduates participated for
research credit in introductory psychology courses.
exper ience on the Macintosh
Only subjects with n<;>
computer participated. Eight subjects were rando mly
assigned to each of four cond itions.
Apparatus and Materials. The instruct ions used
in the present research was a tutuorial t hat directed
subjects through a series of specific steps on a
Macintosh computer and·the system application
program, Font/DA Mover.This program changes the
fonts (type styles and type sizes) and desk
accessories available in the Macintosh system. It
was used because moving fonts would likely be
unfamiliar task for subjects with no prior experience
on the Macintosh, including subjects who might havE
had some experience on other computer systems.

Subjects were provided with one of four sets of
instructions for which the text format and the
presence vs. absence of pictographs was
orthogona lly manipulated . This produced four
instruction conditions: paragraph-no pictographs,
paragraph-pictographs , list-no pictographs, and
list-pictographs.
The paragraph -format instructions were in pro~
sentence style with indentations at paragraphs. Th
list-format instructions had nearly the ident ical
semantic content as the paragraph-format instructions except that each element was numbered and
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indented separately, and listed vertically down the
instruct ions . The instructions containing computer screen pictographs were identical to the instructions
lacking them except that pictographs were inserted at
locations near the corresponding textual instruct ions.
The pictographs were depict ions of the computer
screen seen at that point in the verbal text. Screen
pictographs are easily produced on the Macintosh by
simultaneously pressing the Shitt-Command-3 keys
on the keyboard which "dumps" the current screen to
disk in the form of a MacPaint document. The same
pictographs were used in both the list and paragraph
conditions. There were ten distinct steps in the first
task , three in the second task, and nine in the third
task. In the pictograph conditions there were ten
pictographs for the first task , three pictographs in the
· second task, and eight pictog raphs in the t.hird task .
The pictographs were centered and placed below the
corresponding text.
The first task required the installation of two font
sizes into the system file of one disk from the system
file of another disk. The second task required the
removal of five font sizes from a system disk. The
third task required creation of a new font file and the
installation of seven fonts into the newly created tile.

not allowed to access the on-line "Help" instructions
within Font/DA Mover.
Results

Errors, help requests, and comp letion times were
analyzed using separate 2 (text format ) X 2
(pictographs) between-subjects ANOVAs . Analysis
of errors produced a signif icant interaction of the text
format and pictograph var iables, F (1,28) = 7.54, p <
.05. Table 1 shows the mean number of errors as a
function of instruction condition . List-pictograph
instructions produced the least errors. Compari sons
between the means in this table showed a reliable
difference between only the list-pictograph and list-no
pictograph instructions. The data were also analyzed
with respect to the proportion of subjects who made at
least one error. The results showed the same pattern
as the number of errors analysis .

Tabls 1. Mean number of errors as a function of
instruction condftion.

Pictographs

Procedure. Initially, the experimenter gave a
five-m inute introduction on the direct-manipulation
features of the Macintosh computer interface
including how to point, drag, select, and scroll ·by
using sect ions of the tutorial disk "Your Apple Tour of
the Macintosh Plus." To motivate the subjects, they
were shown a set of different font styles and were told
that they would be performing were the basic
procedures needed to use and manage fonts. They
were told to perform the instructed tasks as quick ly
and as accurately as possible. They were explicitly
told that if they had any trouble with the tasks that
they should reread the instrnctions. If they still had
problems after this they could ask the experimenter
for assistance. When subjects asked for help, the
experimenter gave brief , direct verbal answers to the
subject's questions . Lastly, subjects were told that
upon completing one task that they should
immediately start the next task and continue until all
three tasks were completed . Subjects were· then
given one of the four sets of printed instructions.

The help measure showed a significant niain
effect of the pictograph variable, F (1, 28) = 5.25, p <
.05. More help requests were made by subjects
using instruct ions lacking pictogr aphs (M = 1.0} than
by subjects using instructions containing pictograph s
(M =- .25). No subject in the list-pictograph condition
requested help. The help data was also examined
with respect to the proportion of subjects who made at
least one help request. The results were similar to the
number of help requests analysis.

The experimenter remained in the room with
subjects while they performed the tasks. The
experimenter recorded the total number of errors
(failures to comply with the directions) , the total
number of times subjects asked the experimenter's
assistance, the time needed to successfully
complete each of the three separate tasks, and the
total time to complete all three tasks. Subjects were

Analysis of the total time needed to complete all
three tasks yielded a significant interaction of the text
format and pictograph variables, F (1, 28) = 4.97, p <
.05. Tab le 2 shows mean total time (in seconds) as a
function of instruction condition. Subjects had the
shortest completion time for list-pictograph instructions. Comparison s between the mean s showed that
subjects using the list-no pictograph instructions

Absent

Present

.625

1.125

1.625

.25

Text Format

Paragraph
List
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'=G~ ·ed s·.gn:f1Cantlymore tim e than subjects using
Experiment 2

'.":.e -~-p ic:ograp h or the parag raph-no pictograph

1S1ructio ns. Each task's comp letion time was also
analy zed sep arately. The pattern of means paralleled
'.he resu lts of total comp letion t ime ana lysis.

Table 2. Me"an total time (in seconds) as a function
of instruction condition.

Pictographs

Since subjects in Exper iment 1 had no prior
experience w ith the Macintos h interface , t ask
perfor mance might have been affected by t he novelty
of the situat ion. Thus , it is not clea r whe ther subjects
more exper ienced with the Macintos h interface would
produce a simila r pattern of results . So in Expe riment
2, the procedures of Experiment 1 were replicated
with a group of subjects with somewhat more
experience using the Maci ntosh .

Method
Absent

Present

Text Format
Parag raph

551.6

577.6

List

641A

529 .2

Subj ects. Thirty -two male and fe male upper-leve l
psycho logy majors at the University of Richmo nd
part icipa ted. All subjects had taken at least two
underg raduate cou rses in psychology and had a
minimum of six hours expe rience analyz ing data on
the Macintosh computer. None of the subjects had
any exper ience with the Font/ DA mover before.
Apparatus and Materials. The sa me apparatus
and materials as in Exper iment 1 were used .

Discussion
The presence of pictographs reduced inquiries
for help. This result supports the notion that embed ding illust rative computer-screen pictographs in
instruct ional text enhances computer task performance. The error and completion time measures
showed a more complex pattern of results . They
indicate that the presence of pictographs benef its
performance when they are embedded in list-format
instructions but not when they are embedded in
parag raph-format instructions . While the comb ination
of list-pictograph instructions produced the best
pe rformance, the list-no pictograph produced the
worst performance. In spite of the list- and
paragraph-format instruct ions having the same basic
semant ic content, list-no pictograph instructions
p roduced signficantly lower performance than the
par agraph -no pictograph instructions . Perhaps the
appearance of the list led subjects to believe that the
task was simple and straightforward, provoking less
careful behavior . The data also showed a trend
towards reduced performance for the paragraphpictograph instructions. Reduced performance might
be due the less than ideal placement of the pictogr aphs in the continuous prose. To avoid fragmen ting
the continuous -prose descriptions, the pictographs
and the associated verbal text were not alway s
proximally located. This could have caused subjects
some confusion and resulted in lowered performance.
Performance for these condit ions was re-exam ined in
Experiment 2 with a _different set of subjects .

Procedure. The same proced ure as in
Experiment 1 was used.
Results

As in Exper iment 1, errors , help requests, and
comp letion times were ana lyzed using separate 2
(tex t format) X 2 (pictograp hs) between-sub jects
ANOVAs. Ana lysis of the number of errors revealed a
signif icant main effect of the text forma t, F (1.28) =
7.99, p < .01. Subjects using the list-forma t
instruct ions (M = .625) co mmitted significan tly less
errors than subjects using t he paragraph- format
instruct ions (M = 1.75). However , th is main effect
must be qualif ied as the ANOVA also yielded a
significant interaction , F (1,28) = 4.83, p < .05. The
means can be seen in Table 3. The tab le show the
paragraph -no pictograp h produced more errors than
the other three condit ions which among themse lves
did not sign ificant ly differ.
As in Exper iment 1, th e error data was analyzed
with respectto the proport ion of subjects who made
at least one error. On ly a main effect of text forma t
was found , F (1.28) • 14.54 , p < .001, indicating that
signficantly fewer subjects usi ng the list-forma t
instructions (M = .31) made errors compared to those
using the paragr aph-format instr uctions (M = .875).
Howeve r, unlik e the number of errors analysis, the
interact ion of pictogr aphs and text format was not
sign ificant .
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Table 3. Mean number of errors as a function
of instruction condftion.

Pictographs

Absent

List

Genera l Discuss ion

Present

Text Format
Paragraph

Subjects in the paragraph -no pictographs had more
errors than for subjects in any other condition . In
general, the results support the notion that printed
instructions in list format and containing pictograp hs
produces better computer task perfor mance than
instructio ns in parag raph format and lacking
pictographs.

2.50

1.00

.50

.75

Analysis of the number of requests for help
showed a significant main effect of pictographs, F
(1,28) "' 5.07, p < .05 . Subjects using instructions
containing pictographs (M = .06) requested less help
than did subjects using instructions without
pictographs (M = .69). The ANOVA also showed a
marginal main effect of text format, F (1,28) = 3.25, p
< .09. Subjects using list-format instructions (M =
.125) tended to make less requests for help than
subjects using paragraph-format instruction (M =
.625). When analyzed with respect to the proportion
of subjects who made help requests, the results wer e
similiar to number of error requests analysis. The
ANOVA yielded a main effect of pictographs, F (1,28)
= 6.03, p < .05, and text format, F (1,28) = 6.03, p <
.05.
Analysis of total completion time produced a
significant main effect of text format, F (1,28) = 21.56,
p < .001. Subjects using the list-format instructions
(M .. 432.4 s) required significantly less time than
subjects who used the paragraph-format instructions
(M .. 559.7 s). When completion time for each of the
tasks are examined separately, all three ANOVAs
exhibited a significant main effect of text format.
Completion time for Task 2 also yielded a signficant
main effect of pictographs. For this task, subjects
using instructions with pictographs (M .. 40.75 s)
required significantly less time than subjects using
instructions lacking pictographs (M = 69.25 s), F (1,
28) = 10.45, p < .01.
Discussion
The list format reduced the number of errors
committed and total completion time. The presence of
pictographs reduced the number of requests for help.

In bot h experiment s, performance on a computerinteraction task var ied as function of printed instruc tions . Ove rall, the results indicate that list-pictog raph
instructions facilitate compute r task performance.
There are severa l possible explanations for the
better performance from the embedded pictog raphs.
One is that the pictographs provide a redunda nt
visual code which could reduced any misinterpretations of the verba l descr iption. ·1npart, this suppo rts
Booher (1975) who found that pictures relevant and
redundant to the text facilitated task speed.
However, Booher did not find an effect of redunda nt
pictures on measures of accuracy as we did. A
second explanation is that the visual code was more
directly related to the actual demands of the task :har
a verbal code. Verbal codes are more symbo lic,
abstract, and may require additional recoding. A third
reason for enhanced performance by the pictographs
is that they provide the user with feedback to monitor
their progress.
·
The effect of text format is less clear. Both
experiments provide some support for enhanced
performance for list-format instructions . Note,
however , in Experiment 1 the list-no pictograp h
condition produced the worst performance. This
effect was not replicated in Experiment 2 which
showed that , in general , the list format was better
than the paragraph format. In addition it is not clear
why Experiment 2's more exper ienced subjects made
greater errors in the paragraph-no pictograph condition than Exper iment 1's less experienced subjects.
A tentative explanation can be offered, however.
Experience on the Macintosh might affect the kinds oi
strategies that subjects engage in. On the one ha~d.
subjects who were unfami liar with the Macintosh might
benefit from having illustrative screen pictographs
because they show the novice what to expect. On
the other hand , the exper ienced Macintosh users
already possess some knowledge of what to expect
and thus did not need the screen pictographs to the
extent that the inexperienced users did. Inst ead,
experienced users might need to focus on ly on
keywords in the text to move throug h the directed
steps. We suggest that lists allow one to access
keywo rds more easily than the paragraph format.
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A comment should be made regarding the time
measure. Completion time is not independent of the
error and help measures, and because of this, the
time effects are confounded with the time taken to
recover from errors and the time involved in making
help requests. Note that even if the time measure is
not considered, the other two measures are still valid.
Note also that the error rate yielded a similar pattern
of results as the time measure.
The present research has implications for the
design of computer-tutorial documentation, and more
generally, for proceduralized instructions. According
to our results the most effective method of designing
printed computer tutorials is to present the text in list
format and to include screen pictographs to illustrate
the associated text. Pictographs are apparently more
important for inexperienced computer users.
Presentation of text so that it is easy to scan for
keywords (like in a list) is apparently more important
for more experienced computer users.
Whether the effects yielded here can be
generalized to other kinds of computer tasks is an
empirical question. Both Wright (1980) and Wickens
(1984) have pointed out that the effects of instruction
depend on the purpose and requirements of the task.
Future research shoulq examine the influence of te·xt
format and pictographs in other kinds of computerinteraction tasks. In addition more research should
be directed on other written instruction factors, for
example, ways to highlight important text, and ways
to pictorially show dynamic commands.
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