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The growing reliance on video display units to present graphic information in support of both military. training

and jeb aiding, 1s expected to continue, Empirical research has provided guidelines for display parameters
agsociated with alphanumeric (textual) information, however research concerning graphics {particularly line

drawings) is limited. This paper discusses the results of recemt experiments which explored the effect of &

critical visual display parameters om task performance using line drawings as stimelus materials. The results
suggested that in many cases, very low levels of graphics detail may be sufficlent to produce adequate responge
times in locator task performance. Additienally, it is noted that, production of graphics with low levels of

detail result in dramatic cost savings.

INTRODUCTION .
The proliferation of . tmining systems
throughout the military services has contributed to
a shifting trend, away from paper-based
presentation medis assoclated with traditional
classroom lecture to computer—driven presentation
formets. Training systems, as well as automated
- job performance aids {(JPAs), rely heavily on visual
presentation of information to support training and
task performance., Conseguently, the visual display
characteristics of these systems have become &
critical component in the user—system interfsce.
Poor design, inaccurately specified vizual display
parameters, and/or ocalssion of critical lnterface
components assoclated with the delivery media can
hinder legibility, resulting in systems which are
not used or which may prove to be ilneffective in
providing technical information necessary for
training ard task performance,

Training systems often incorporate display
images of training relevant equipment {e.g., via =
videodise system) with supplemental graphic line
drawings, computer—generated graphie overlays, and
textual informetion. Similarly, JPAs, which have
traditonelly existed in hardcopy {paper) formats
and have now transitioned tc computer-based modes,

. provide electronic delivery of technieal
information (schematics, illustrated parts
breakdowns, ete.) through microprocessor control.
This adaptation of hardeopy graphles to automated
display media, makes it crucial to optimize
graphics productjon efficlency and to determine the
effects of critical visusl display parameters on
task performance and tralning effectiveness.

Past research has provided guidelines on
display parsmeters assoclated with aiphanumeric
(textual) information. Meister (1984) provides s
thorough review of this research, documenting

rrorts assoclated with display parameters such as
symbol size, character fonts, symbol
height—-to-width ratlos, and so on. However,
empirically-based guildelines for graphics
(espacially line drawings) are lacking (Sweezey ard
Davis, 1983).
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Recent research {(Dwyer, 1985), which focused
on locator task performance using a CRT display
depleting printed circult boards, revealed that a
small (5" ¥ 5"} display screen resulted in
scceptable locator task performance (measured by
accuracy rates}, but only when high .
discriminability existed among the components which

made up the graphic. When low discriminability (a. .

densely packed, cluttered dispiay) existed in the
graphic, ‘& larger display screen (9" ¥ 9" or 12" X
12"} was warranted.

While this Ffinding may not be a critical
factor for school-based training systems, it is a
critical issue in the development of portable, =
lightweight JPAs since screen gize has a direct
bearing on device size and weight characteristics.
Thus, some of tke preliminary research suggestis
that optimal levels of critical wisual display
parameters may vary as a function of intended
application.

The Navel Tralning Systems Center
{NAVTRASYSOEN) is currently engeged in & research
program to identify optimum levels of critical .
visual display parameters within different domains
(e.g, training, job aiding)., The purpose of this
paper 1s to present the resulits of two recent
experiments in this area which explored the effects
of certain digplay parameters on task performarce.

EXPERIMENT 1

Despite the findings of Dwyer (1985) which
advocated larger screen sizes for some (aSKS,
portability remeins a critical design issue in the
development of automated JPAa. As a resuls,

alternative technigues must be sought which enhance

the legibility of graphics on small display
screens, BExperiment 1 wes based upon the work of
Regal and Knapp (1984}, who fouod improvements in
performance accuracy when unnecessary information
was deleted from a visual display. One intent of
this Jjolnt Navy-Air Force research was to remve
non—critieal areas of the graphies displsy: in order
to produce less clutter and facilitate task
performance. The purpose of the experimemt was to
determine if* reduced levels of graphics detail
could compengate for performance decrementa
assoclated with small screen clutter. The
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experiment examined the effects of screen size (7"
X 7" and 12" ¥ 12"), image resolution (35 and 280
pixels per inch), and level of detail (high,
medium, and low) on disassembly/assembly task
Pperformance. The levels of resolution were
selected based orn commerciel availability and
represanted the extremes, such that any resulting
performance differences would be exaggerated. High
level of detall was coperastionally defined as all
(100%) of the detall on tie actusl equipment used
in the experiment; medium detall was defined as the
component to be removed/installed, all immediate
surrodnding components, and the cutline of the bomb
ejector rack: and low detail was defined as the
component to be removed/installed and the outline
of the bomb eject oo rack,

METHOD
SUBJECTS

Sixty Air Porce maistenance training students
from Lowry AFB, CO served ss participants in the
experiment. The students ranged in age from 1T to
31 years (mean = 20.0 years), ané in tenure from
1.5 to 48 months (mean = 5.4 months).

PROCEDURE B
ALl subjects were seated (individualiy} in
. fromt of a Megatek 7210 high resolut jon monitor
which presented graphic displays of an Alr Force
bomb ejector rack {model MAU-12B/A), Twelve
disassembly and 12 assembly frames were presented,
each of whick contained a graphic display of .the
bomb ejector rack and textual instructions
explaining how %o perform the task. An actual bomb
ejector rack and the tools necessary to perform
each disassembly/assembly task step were located on
a8 workbench placed between the student snd the

. menitor.

: The experimental degign waz a 2 X 2 X 3
between subjects factorial with 5 (randomly
assigned) subjects in each of the 12 ecells.
Performance measures were response SCCUrACy {number
of correct tasks performed), absorption time (time
to read and interpret the frame), and manipulation
time (time to perform the task following absorption
time}. Response accuracy was assessed by the
experimenter and entered into the computer for
storage and subsequent data analysis. Absorption
and manipulation times were recorded by the
computer, based upon experipenter input {i.e., a
"stop” command was entered when the student had
stopped reading (absorbipg) and began o
manipulating).

RESULTS AND DISCUSSION

A multivariate analysis of variance (MANGVA)
was used to analyze the results due to the nmltiple
dependent varlables assesgsed.  The results of the
analysis revealed no significant main effects nor
any significant interactive effects, p » .05 in all
cases. Although these results suggest that neither
screen size, image resolution, nor level of detail
slgnificantly affecied task performance, these
results must be treated with extreme caution due to
the small semple size {5 per cell) and the
subsequent loss of statlstical power to detect true
differences.

EXPERTMENT 2

Independent variables such as screen size and
image resolution are relatively easy to guantify
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_discreet increments.

15", ete.).can be selected for study.

because they can be defined and measured in
Conseguently, it is a
straightforward process to select "levels" of these
variables for examination. For example, virtually
any level of screen size (5" X 5", T" X 9", 12" %
Similarly,
image resoluticor can be defined and measured by the
numbexr of pixels per inch, hence we can select and
study a particular level of rescluticn of interest
(provided the display media cen accommodate the
desired level). However, measuring variables such
as graphics detail is not so easy. It was
therefore necessary to systematically develop a
method for quantifying level of graphics detail,
such that further experimentation could proceed
using a standard metric with generalized -
applicability. BSeveral techniques are available
for operationally defining graphics detail. Faur
are presented below:

1. Methed of cue presentation: Cues can be added
to a graphic either (a) concentrically,
(b) randomly, or {c) as a function of
unigue/outstanding - landmerks.

2. Number of cues added: The number of cues can |
be increased sore pre-determined number at a
timey  or by some percentage of the total
number of cues cn the actual equipment.

3. Amcunt of target detail: The amount of detail
inherent in the target component can be varied
(such as the appearance of pointers on diais,
tick marks, eie.). )

h, Afmount of cue detail: The amount of detail
inherent in the cue components can be varied
(similarly to that.of. the target detail}.

The,'scope of this experiment wes limited to

 the first 2 techniques addressed above, method of

cue presentation and number of cues added.
(Examples of which can be found in Figures 1, 2,
_and 3.) In order to reduce tlp number of cue
-components which must be generated to 2 manageable
ramber (such that graphlics production is more
efficient), a pilot study was run. Pilot data were
gatilered to determine tig level of detail (number .
of cues added) at which locator task performance
begen to stabilize. These deta identified the
point at which added detail failed to produce
measurable gains in locator task perfeormance.
Level of detall in paper—based line drawings of a
pripted circult board and an Alr Force bomb ejector
rack (See Figure 4 for full detail illustrations of .
the two pieces of equipment.) was systemtically
increased by adding cue compeonents, one—sat-a~time,
concentrically surrcunding tle target components,
until subjects correctly identified the correct
target component., Based upon the data ccllected, a
range of detall levels was established for the
subsequent locator tasks and was set at 1, 3, and 5
“eue components for the bomb ejector rack, and 2, 6,
and 10 cue. components for +e Drinted circuii
board. The pilot data suggested that the
overwhelming majority of students were ‘successful
in locating %arget comporents within these bounds.



Figure 1.

Concentric Cue Addition

Flgure 2.

Random Cue Addition
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Figure 2. Landmari Cue Addition
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Figure 4.

Circuit Board and Bomb Ejector
Rack with A1l Comporients
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METHOD
SUBJECTS

. Eighty-five male students from Torpedoman's
"s" gehool and 25 male students from Nuclear Power
"A" school participated in- the experiment. ALl 110
students were from Service School Command,. Naval
Training Center, Orlande, Florida.

FROCEDURE
The three levels of detail addressed above and
three methods of cue presentation {concentric,
random, and landmark) were manipulated in a locator
task procedure involving two equipment test beds:
a printed circuit board, and an Alr Force borb
ejector rack. Two additional conditions, a verbal
description (of the target component and cues) and
a target—-only with tle equipment outline, served as
controls. Nipne fifteen—page stimnlus groups of
line dmwwlngs were used I g each test bed, one
group corresponding to each of the experimental
conditlons. The same fifteen target components,
albeit at different levels of the two independent
variables, were depicted in the stimulus grgips for
the nine experimental graphles cells and in the. two
control congit fons.

BubjJects were randomly assigned to one of the
11 conditions. The order in which each swbject
performed the locator tasks was counterbalanced
across test beds In order to contrel for practice
effects., Additionally, the Pifteen pages, each
containing s different target component, were
randomly presented to the student. All students
performed the locat g task for both pleces of
.equipment.

Subjects were seated at a table which held
either the printed circuilt beoard or the bomb
ejector rack and the corresponding set of stimulus
materials. The experimenter presented one drawing
at a time and asked the student to locate and
1dentify the target component on the actual printed

circuit board/vomb ejector rack that was identified

by & callout {line which pointed to the target) in
the line drawing. The experimenter recorded
accuracy (correct/incorrect} and task tipe using a
stop watch. Time was measured from the point when
tte drawing (or verbal description) was first
presented until the student correctly identified
tle target compone ¢ or when he indicated that he
could not loecate it. Prior to the actual data
collect fon, students were given two practice trials
{(with a target not used ror actual date
collection).

RESULTS

For each subject, fifteen time scores (in
gseconds} were recorded, as well as an accuracy
scoxre reflecting the percentage of target
compenents which were identified correctly. A mean
.fgr each subject was then computed for the fifteen
times scores. This score and the percent correet
represent tie two dependent, variables, time and
accuracy respectively. The findings of the data
analysls are presented below.

ACCURACY

Printed Circuit Board. A one-way ANOVA was
computed on the printed circuit board accuracy
scores for method of cue presentation in order to
agsess the verbal only and target with outline
methods with the other methods of ¢ue presentation.
This aralysis ylelded a significant main effect,

F=3.51{4,105}, p < .01, (See Figure 5 for the
graphed means). A Scheffe post hoc test identified
a significantly greater level of accuracy for
concentric presentation of cues over that of the
random presentation of cues, {p < .05). None of
the other palrwise comparisons were statistically
significant. Results of a one-way ANCOVA on level
o5 detail irdicated no- slgnificant effects in
acouracy rates across the detail levels.

Next, a two—way ANOVA using accuracy scores
was computed, with method of cue presentation and
level of detail as the independent variables
{excluding verbal and target only conditions). A
main effect for method of cue presentation was
found which supports the resulis of the cne—-way
ANOVA which examined this variable, (F(2,B81)=5.96,
p < .01}). Agaln, the findings suggest level of
detail does not sigeificantly affect task |
performance. The method of cue presentationr was an
imp ortant factor, however, with the comcentric
method found to produce greater accuracy than the
rardom methed.

_ PFigure 5. Circuit Board - Accuracy
o 211 Conditions .
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Bomb Ejector Rack. Because o significant
betercgeneity of variance was present, a
EKruskel-Wallls one-way ANOVA was computed on the
method of cue presentation. This analysis yielded

. no glgnificart effects. This wag also true for a .
one-way ANCVA computed for level of detail, Next,

a two-way ANCVA using accuracy scares was computed
and thils too, yielded no significant effects.
Apperently, neitjer methoed of cue presentation por
level of graphic detall affects location
performance acdiracy oa the bomb ejector rack.

| IIME

Printed Circuit Boapd.  In order to determine
if method of cue presentation affected tie task
time, 8 Kruskal-Wallls: one—way ANOVA was computed
for methods of cue prese gation, including verbal
description only and target with outline only.
This analysis, whieh was used because tirere wasg
significant heterogeneity of variance, resulted in.
a significant effect, H=25.1, p < .00l (see Figure
6 for tie grapled means). A Scheffe post hoe test
revesled that presentation of landmark cues
resulted in significsntly faster location times
than both the random method of presenting cues and
the verbal deseription only method (p < .05).




Figure 6. Circuit Board — Time
A1 Conditicns
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A two~way ANOVA using mean time scores £ g the
printed circult board was computed with method of

cue presentation and level of detail as independent

varisbles. Scores for the verbal descriptlion only
and target with outline only were not included in
this snalysis since they were addressed previously.
An intersction effect between the two independeut
variables was found, F(k,81)=2.71, p < .05 (see
Figure T for the grephed mesns). FPost hoe
follow—-up tests ldentified signiflcant time
differences between the coneentric - high detail
condition (mean=8.65 seconds) and the concentric -
low detail condition (mesn=17.91 seccnds), p < .05,
and also between the concentric — high detall
conditicn (mean=8.65 seconds), and the random -
high detail corditlon {mean=13.05 secomds], p <
.05. The analysis also ylelded a main effect for
the method of cue presentation, F{2,8L)=8.44, p <
.001, confirming the results of the Kruskel-Wallis
ANOVA. Pinelly, a one-way ANOVA performed on four
levels of graphics detail (target only, two cues
added, six cues sdded, and ten cues added) revealed
no significant effects {p > .05) suggesting
stetistlcally equivalent location times across all
levels of detail. These apalyses suggest that
location cues presented using the landmark and
concentric methods produce faster identification of
target components then elther the verbal or yendom
methods. There were no clear trends regarding the
effect of level of graphics detail on bask timss.

Figure T. Clrcuit Board — Time
Experimental Conditions Only
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Bomb Ejector Hack. Because heterogeneity of
variapce was evident, & Kruskal-Wallis one-way
ANOVA was computed for method of cue presentation,
This analysis resulted in a significent main
effect, H=29.4T7, p < .00L, (see Figure 8 for the

graphed mesns). 4 Scheffe post hoc test revealed

that the verbal description only method resulted in
significantly slower location times that that of
all of the other methgls of cue presentation. A

one—way ANOVA for level of detail resulted inm . . __ _

non—-significant effects for location times cn the
bomb ejector rack test bed.

Figure §. Bomb Ejector Rack —-Time
Ail Conditions .
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A two—way ANOVA was then computed using the
bomb ejector rack mesn time scores, resultlng in
only g main effect for method of cue presentatlon,
?(2,81)=k.24, p < .05, (see Figure 9 for the
graphed means)} thereby substantiating the resulfs
of the Kruskel-wWallis ANOQVA., These results, for
the homb ejector rack, suwport tie findings
obtained for performance times on the printed
~circuit board, such that verbal description only
was found to be a poorer method of supporting a

locator task than graphlc methods, however, varying

the level of graphic detail d41d not significantly
affect task times. T

Figure 9. Bomb Ejector Rack - Time
Experimental Conditlons Only
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CONCLUSIONS
ACCURACY

The findings.with respect $¢ response acouracy
are eqguivocai. The only significant effect
emansting from the results of the accuracy data
analysis was that the concentric method of cue
presentation resulted in higher performance -
accuracy rates than did the random method of
pregsentation. This Finding only held for the
printed circult board test bed. The lack of any
megningful pattera in the accuwacy data mlght be
explained by examining the method used to gather
performance data.

Students attempted to locate target components
on the actual printed circuit board/bomb ejector
rack based upon information in the line drawing.
The student continued with a task until he
accurately identified the correct target.
Consequently, he may have incorrectly identified
several components before accurately identifying
tle target (correct) component. However, his
regponse was recotded as correct, regardless of his
pumber of "misses”, as loog as he ultimately
tdentified the correct target. A task was "graded"
as incorrect only if he gave up.

TIME

The results of the response time data provide
cnly one clear conclusion — the method of verbal
deseription consistently resulted in slower
identificat fon tilmes. This was true for both test
ted applications. These resulis are intultively
logicel — trying to identify a physical component
wilthk only verbal® instructlions is a difficuli task.

One interesting cbservatlon was that very low
levels of detail (i.e., the target with test bed
outline) resulted in response times statistically
equivalent to the higher lewvels of detail graphies.
Apparently, simply providing the outllne of a plece
of equipment provides a sufficient amount of
information to locate targets in a timely fashion,
If this finding is born out in subsequent research,
it could represent significant cost savings to the
military in the preparation of instructicnal and
performance alding graphic illustrations. For
example, recently prepared job performence aids for
the fire control system of the Ml-Tank contaln 500
graphic illustrations. If tie highest possible
level of graphics detall (100% of the detail
eppearing on the actual equipment) was reguired to
support the maintenance of this system, It would
take 37.5 weeks 1o reproduce these graphics on 2
computer display, and the approximate cost would be
$67,500. However, if tie lowest level of detail
(target with outline of eguipment cnly} was
sufficlent, it would take only 2.1 weeks to produce
the necessary graphics and wauld cost only $3,750.
When this i1s generalized over the massive number of
equipment systems cperated by the military, the
magnitude of possible savings becomes apparent.
{See Figures 10 and 11 to see the time and cost
savings, respectively.)

Clearly, additional research in this area is
warranted. Performance measures associated with
location accuracy should include an assessment of
the number of errors made during task performance.
Also, the locator tasks were performed using paper
mediz; it is not clear if the findings observed in
this experiment will genéralize to a computer-based
video display unit, However, the experiments which
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will follow the research reported here will also be
examining tle dimension of computer display screen
size as it relates to the level of graphics detail.
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