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As part of an effort to provide more economical
ethods for job-skill evaluation in the Army Enlisted@ Personnel

a study investigated the use of television as a

eans of presenting test items for a sample of tests from the job

ield of tank crewman.,

The television scene prov1ded the job setting

or each item and then posed a question that required a real-time

esponse from the examinee.
herefore represented simulated skill itemse.:

All items were job-connected and .
The examinee responded

irectly to the face of the television screen by means of an
lectronic stylus or gun retlcle. The test was compared with a
aper-and-pencil test vhich covered the same items and a hands-on

erformance test which covered many of the same items.

The results

ndicated * at television testing is very acceptable to scldiers and
easible. " ae validity of the prototype test could not be determined

recisely .ecause the criterion hands-on test was not usable;
xaminees made a perfect score on the hands-on test.
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TELEVISTON AS STIMULUS INPUT TN SYNTHETIC PFRFORMANCE TESTING
4 .

INTRODUCTION

Gver ti:c past 10 years or so, tl: Army has tried to convert more of
its testing to the "hands-on" performance mode, especially at training
centers and at the beginning skill levels. Even more emphasis has been
placed on performance testing in the last 2 or 3 years with the begin-.
ning of the Skill Qualificaticn Testing (SQT) program. Perfofrmance
testing is highly desirable because of it high face validity and high
u--r acceptability; however, this type of testing is very costly, hard
to standardize, and often not feasible.

The alternative to hands-on performance testing has generally been
the standard., group-administeved, knowledge-type, paper-and-pencil
test. Although relatively easy to produce and administer, this type
of test is generally considered to have low validity and low user
-adceptability.

Osborrn (1970) has §uggested that a compromise validity-feasibility
tradeoff point might be reached by using synthétic performance teste
According to Osborn, the term "synthetic performance test" :=fers to
any performance test that is less than a full hands-on test, but more
than the group—-administered, knowledge-type, paper-and-pencil test.
Synthetic performance tests include all-tests that use any type of
simulated inputs or responses. Part-task tests, ih which only one or
a few response components of a task are measured, are also included
under synthetic performance tests. The enthetic performance test
is conceived as less costly than a hands-on test, but as a test that
still hac reasonable validity and user acceptability.

To support the Army's adoption of performance testing, the U.S.
Army Research Institute has irnitiated a brodd-based research program
to investigate the possibilities of synthetic pérformancé testing as a
cost—-effective alternative to the usual hands-on procedures. The goal
of this research is to develop a psychometric b~ _ for bot! hands-on
and synthetic methods.

The research focus has been on the use c: audiovisual media to pro-
vide the simulated stimulus irput. The reasoning behind this focus is
that audiovisual media stand midwéy in the stimulus fidelity range, and |
at the same time, are at the medium to high end of the feasibility scale.”
Thus, audiovisual media may represent a good fidelity-feasibility tradeoff

lStimulus fidelity as used here refers to how closely the test stimulus
resembles the real world, and stimulus feasibility refers to how much
it cos' - to present the test stimulus in a testing situation (high
feasib.  ty equals low cost). '

13
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STIMULUS. FIDELITY AND FEASIBILITY

Figure 1.
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Conception of stimulus fidelity and feasibility tradeoff.
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point insofar a3 stimulus input is concerned. Filgure 1 shows a concep-
tion of this fidelity~feasibility tradeoff. ,
The overall re%garch pLogram has th follow: ng objectiwves:
i ,
1. To rmxplore the parameters of the various audiovisual media to

determine the media's applicability to synthetic performance tecting.

2 To explore various responding modes and response devices that

can be used with audiovisual stimulus inputs.

3. To determine whether those response components of a cask that
can be measured using audiovisual media are sufficient to yield an
acceptable measure of the entire task.

4. o develop a task classification system that will enable a
synthetic performance test developer to determine by analyzing the task
(a) when auvdiovisual media should be used as the stimulus input, (b)
which medium is advisable, and (c¢) which response(compongnto'should

be measured.

Several experiments in this research program arc now in process
using a numbex cf different audiovisual media. This paper, which is
concerned with television as the stimulus input, presents the results of
the first of these experiments. .

This first experiment was limited in nacure and focused on the
feasibility of using television as the stimulus input. As such it was
concerned mostly with the first research objectlvo—-appllcabLTLty of
media to testing--with some exploration into the second and third
objectives, responces to stimuli and test-task comparisons.

Background and Rationale -

The impetus for this research stem: from the Army‘s decision to.
substitute the Skill Qualification Testing (SQT) program for the current
MOS testing program as a means of assessing the job skills of enlisted
personnel. The 3QT program is intended to be based or icb-sample tests
wherever practical, as contrasted to the current MOS paner-and-pencil

knowledge test.

This change was brougnht about partially as a result of the research
of a numbor of 1nveqt1ga 5 (Engel, July 1970; Engel, October 1970;
“ngel & Rehder, 1370;. ¢ kev, 1965; Urry, Shirkey, & Nicewander, 1965)
whc questicned the valldlty c” the MOS test for job skill assessment.
In 1966 the Army convened a special board of inquiry (Brown Board) to
survey the entire gquestion of written MOS tests for assessing job skills
and job knowledge. This board recommended that performance tests be’’
substituted for written tests wherever practical (U.S. Army, 1966).
Following -the public.tion of the findings of the Brown Board, the Army
has made substontial progress in implementing the recommendation (e.g.,

3
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the Tank Ci@wman Advanced Individual Training performarée tests admin-
istered in‘*the form of a "county fair," with examinees moving Yfrom

“test to test around the examination area, during and ‘at the end of

edch training cycle). However, due to high costs and difficulty i ]
maintaining standardization, the performance test obviously is limited
in terms of making up a substantial part of each SQT test. This is
particularly true at the higher skill levr~ls and for many hard-to-
measure tasks. Occhialini (1972), for exaiple, presents evidence that
performance tests are extromely difficult to prepar~ and administer,
and are of questionable validity. Engel and Rehder (1970) review the
arguments agains: che use of performance tests for part or all of the
SOT battery. Thelr genceral conclusion is that the exclusive use of +
performahce tests in an SQT batters would be too costly and impractical.
/

Reacting to the pros and cons of paper-and-pencil vs. performance
tests, several researchers have prdpgged compromisaes. Engel and Rehder
(1970) advocate a mixture-of-measurement technique in each SOT test,
combining work samples, simulated tests, peer ratings, and paper—and-
pencil tests. They present evidence indicating that cognitive items
can be measured adequately by paper-and-pencil tests; that motor- )
manipulative items reguire work sample or simulated tests; and that
peer ratings can be used to judge social, leadership, and overall
ability.

Osborn's (1970) approach is concerned with developing synthetic
tosts that it is hoped will eliminate some of the impracticality of
administering performance tests, while reducing the vérbal component
and improving the validity of paper-and-pencil tests. Osborn visual-
izes a continuum bounded on one extreme by paper-and-pencil knowledge
tests and on the other by job-sample skill tests. Within this
continuum, ‘a number of synthetic tests morxe or less removed from each
extreme can be constructed.. The contintum is conceived of as keing
scaled in psycholocical units and varies along theldiménsions of
stimulus fidelity and response fidelity (or a mixture of both).

In mny combat situ.cion, the stimulus dimernision would be a large
complex composed of visual, auditory, tactile,.kiresthetic, ‘olfactory,
pain, and stress inputs® The response dimension would be an egqually
large complex of cognitive, motor-manipulative, and perceptual ocutputs.
“or the purposes. of illustration, the stimulus and response fidelity
dimensions for ‘armor crewmen might be coaceptualized as shown in Fygure
2. Osborn maintains, in an analysis similar to the one shown in Figure
~r
synthetic tests that are both feasible 'and mofe]valid than paper-and-

pencil tests.
N |

. /
An important aspect of Osborn's concepticn is his reasoning with
regard to part-task testing {Osborn & Ford, 1976). 1In this conception,

each task is composed of a number of response componénts divided into

cognitive, perceptual, and motor behaviors. Figure 3 shows a task broken’

Ty

!

2, chat one must pull away from each excreme of the continuum to develop ./
- |

h
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down into response components. (This task is performed by the loader
on an MA0Al tank.) . -

"he reasoning behind part-task testing is that 1t mey not be ncces-
sary to test every response component in a particular task in order
to determine how well the whole task can be performed. Tt may be

possible to get a good indication of whole-task performence by measuring
only a few response components or perhaps measuring only one ‘critical
rosponse componant.

Part-task testing becomes cruci | when audiovisual stimulus inputs
arc used because the nature of the medium precludes obtaining any
measiurements on most motor—rﬁsponsé components. .- In order to obtailn
measuremants on motor-response components one needs to test on real
oqulpment or a hands-on simulator. Since the measurable response
components in audiovisual simulation are limited to perceptual and
cognitive ones, it follows that the usefulness of audiovisual stimulus
inputs 1s dependtnt upon the validity of the part-task testing concept.
One objective of tho research program 1S to check the part-task testing
concept by correlating scores made on part-tasks using audiovvisual
stimulus inputs with scores made on the corresponding whole task tested
in the hands-on mode. '

.o of Television in Testing. Television has been used in testing
primarily as a recording medium (Cockrell, 1974; Hays & Pulliam, 1974).
A study by Shriver (Shriver, Hayes, & Hufhand, 1974) explored the
possibilities of using television as the stimulus input in a perfor-
mance .test. After developing the test, Shriver concluded that televi-
sion 1id not offer much promise in terms of replacing hands-on testing.
He listed eight disadvantages of the television medium and decided to
abandon the method and not attempt. a systematic comparison between the
television test and hands-on performance tests. Some of. the disad-
vantages mentioned follow:

1. Television tests place the subject in -a passive role, watchlng
someone else perform and evaluating the correctness of the performance.
There is no reason to believe that success in this evaluation role.will
insure success in the active role of performing the task. ™

2. Television violates a major ground rule.of criterion-referenced .
testing in that it emphasizes process measurement rather than product
measurement. ' ) - . ,

3. Television costs are very high compared to those of slides or
graphics because of the large amount of eguipment needed and the large
personnel time" requirements. :

Shriver's criticisms are informative, but they do not neceSSSEily
settle .the case. The nature of the medium does.- include some practical
difficulties both in producing the stimulus tapes and in administering

&
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the tests. owever, these difficulties are minor comparcd to the complex

ta it of administering hands-on performance tests.  Tf tolevie! nocan show
T SOrYTe 1or PRI ; Sle tootrs e
a4 onie ]l correlation with job-sample tosts ard also show advantaces over
written andd othoer audlovicual tests, Lt Sowel ]l b oworth the axbtra oost.,
et 5

The primary obilocctives of the present oxos riment wore o s rals
v of the practical difficulties in using telovision as the stimulus
and to make a rough comparison among television, paper-and-iencii,
anct wis—-on performance tosts.  The sccondary objective was o conduct
a0 ckout of a responding devicee (Telestrator) desligned to permi!

» 32

dheren to respond dirvectly to lmages on oa sorecn (soc Apreeadix )

LTically, the objechives wore as ol lows:

4

sing telavision In e ine. Tie

L. Determine the feasibility of Lu
Lo under consideration herer were |

o - Understandability of test items
b Fase of responding .
<. Time allotment for responding

d. Difficultics and costs involved with administering tele-—
viglon toots.

Determine the acceptability of television testing by examinecs.

3. Compare the results made on the television st witl inse made

on the paper—-and-pencil and bands-on performance t o oits.

4.  Conduct a checkout of the Telestrator responsce device

ST
< METHOD

The overall method consisted of (]) producing a tolevision test for
a sample of ‘tasks from the job field of tank crewman (l1E MOS), (2) pro-
ducing a parallel paper-and-pencil test covering the same items, and (3)
comparing the results made on.these two tests with the results made on.
an cxisting hands-on performance test that covered many of the same items.

The job field of tank crewman was sclected because much prior
rosecarch had been done in this field. A complete task analysis was
available, and a hands-on performance test has beer in use for the Tank
Crevman Advanced Individual Training course for 2 years. This existing
hands-on performance test was felt to be a good base against which to
comparc the television and paper-and-pencil tests. . :

; <1
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- The first step in producing the television tépe was to select the
critical tasks in consultation with militarv experts. The selection
criteria weve set by the military and included such considerations as
tmportance to fulfilling thoe mission, safety to the crewman, and safoty

to the equipment. The coritical tasks selected were quite similar to

Fheotagn

5 ocovercd in the Tank Crevman Advanced Individual Trainine
course . After rhe critlcal tasks were selected, they wore ordered
aceording to skill 100!

For the final est, rasks were selocted from skill levels 1, 2, and
N

3.7 vor the purpe en of this experiment, the tasks can be considered
oo orange from o rtalrly easy te vers aaricult.,  fasks were also selectoed
such: that cach o0 the four poe Llons (driver, loader, qunner, and tank

commandery was covered, aniooo few wasks pertalned to the crew at large.,

In consultation with the military, each task s broken down into
couitive, pereceptu. . and motor components; and cach response component
WA cowamlned for lts oriticality to the task. Practical considerations

conoas overall fest running time, time to televise each i1tem, number of
esponse components nneded to cover a particular fask, and achiaving
o balanced test (see Anpendix A) eliminated many critical response
components.  For ecach of the remalning crivical r sponse components
relovision test item was conceived and a television shooting script was
writter.  Fach iltem wasg televised in a crude fashion with & handheld
dera and a poortable videotape recorder.

The raw footagye was edited roughly into a prototype television test
by the addition of narration and titles.. The prototype tape was intended
only as a moduel for a professional tape to I': produced later and as a
vihicle to check technical accuracy and television feasibility.3

“ilitary experts checked - -the prototype tape for technical accuracy
and understandabilicy. A revisod Uelevision script incorvporated ‘
suygestions; a final television tape was produced using proiessional
television pérsdnnn], cameras, and editing facilities. The shooting anc
editing of his final tape required approximately 30 calendar days (about
15 actual working days). ‘

The final tape consisted of 77 rest items plus 4 nraciice items and
had a running time of 53 minutes.  The items ranged in running time from

There are five skill levels for each MOS ranging from skill level 1
(beginning) to skill level 5 (most advanced). ' N

e

s\

. szrk on the preliminary television tape and the task selection required Ag)éz
)

B T(jto produce it were dene by Human Resources Research Organization under
am=smm contract to the U.S. Army Research Institute. u

»
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Table 1 provides a description of the final television tape. The
categorizins of response components into perceptual, cognitive, or
-motor. types was somewhat intuitive. The intent was to show the pre-
dominant element of each response component and not to imply that
othcer elements werce not present. ' .

Ot the 47 items shown i Table 1, onty 37 were admipistored
to the examinees in the expc-iment and only 30 were scored. Most skill
level 3 items were eliminated before the »xperiment upon the rec .mmen-
dation of the milltary staf® at the Armor Center. These items were

considerced too ac.anced for the examinees, After the start of the

oxperir it, several r:. rary advisers recommended the elimination of
six mor- items, and cne item was eliminated 4 Lo a pour television
sicture. These scv o 1lems were administered but not scored. The

otnotes n Tabkle 1 gilve the reason for the elimination of any item
and also explain wHYy certain it ms were not included on the hands-on
tost, a

A more u ccific description of each response type shown in Table ]

follows: '

(1) tuletiple cholce. © The examlaee was required to sel_ct one
answer from a list of threec, four, or fivp alternatives. These al-
ternatlives werce somct.mes the sc 2 as those in the usual paper-and-
pencil test--namely, words on the screen~--and sometimes cohsisted .of
1n. jes on the screen.

(2) Error detection.. The examinee was required to watch a procedure
being performed or the screen and to indicate the time and location of
an error, if one occurred, at the time it occurred. The examinee was
shown the procedure twice and responded on the second showing.

(3)  Motor manipulaticn. The examinee placed'a plastic gun retifle
(those teticles used with the main gun in the M60AlL tank) on various
statlonary and moving targ.ts as'if preparing/to fire the main gun. The
reticles were also used to simulate thgﬂgﬁjﬂ%tment of fire that woul@_ —
be made if the first round missed the target. The motor-manipulation

. ¥etponse was supposed to be a-crude simulation of the actual response’
in aimina the main gun. However, the movements requiréd were so far .
down on the scale of response fidelity that the motor component appeared 2 é
not to be measured at all. Perhaps_the reticle response was primarily
. perceptual and cognitive. . '

-~
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Paper-and-Pencil Test

The paper-and-pencil test paralleld the television test on an
itoem=bhy-1tem basis.  The stimulus input on this test was primarily
printed words, but o some plotures and drawings were uscd on ooreen e

teemss. Table 1 shows the _timulus input for each item.
Mg owith the telewvision test, only 37 of tan paper-and-peoncil et
Ptems were administer-d and only 30 were scored. The §teans soored

wWoore thie o 3 Lhons scor - for e teleovision tost.

e paper-and-pencil items and thoe telovision items diffored are

.
in the amount of time allotted to respond o nach ltem. The toral tis
limit was the same for Lotn tests; howover, examinaos could alloocato

o

th- response Lime any way they chose on the paper-and-peoneil ces! N

1-

. N 2 . .
worse rostrict--l to 10 seconds ey 1tem on the tolevioion test.
o the papoer-gnd-poencil test, gxamlnees could ¢f nge thelr -answers,
ship ttems and ancsweor later, and review thelr answevrs; on bne boie -
vision test, none of thics flexibiltity was permlbtoo,

These difterences hetween the twe tests were retained because each
modium lends 1tself most readily to the type of procedure used.  Anv
qer procedures or a common procedure for both tests would have reaguired
much more control and thvoreby relduced administration feasibility.

[lands-On Performance Test

The hands-on test was cnerroutincly administered to tank crewmen
trainees as a final examination for the Advanced Individwal Trainin-
irmor course. This test was given in the form of a county fair witn

ations and 30 performance measur~s. Examinecs were graded on a
"go/no-go" basis for each performance. in:asur.:. ['or each ng-go, examinees
ware requlred to soek out remedial training o ! report back later for a
rotast. If the retest was a no-go the exami: - had to rewort back the
next day, after further remedial training, for .. sccond and final test. |
For the purposes of the present experiment, the score recorded for —:ach
examinee was the number of first-round no-go's. This was not a partic-
ularly good criterion because the number of no-go's was very small-

£

/s

Response Equipment

v

, A sccondary objective of the study was to check out the television
response equipment (Telestrator).  This equipment consists of a clear
plastic electronic tablrt and associated recording and programing
components’ The electronic tableét covers the television screen Xthe

fLabylet is approximately % 1nch away from the screen at the center of
the screen and approximately . 1l inch away at the edges of the screen) .

~
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The examiunee looks through the {ablet to view the te ltems. Responses
are made by touching the tface of the tablet with an electronic stylus or
an electronic gun reticle at a particular time and location. Before the
test, the correct answers ,cime and location) are programed on the tele-
vision tépe. During the test, examinecs are credited with a correct an-
swer if they touch the screen at the correct preprogramed time and loca-
tion. Any other response by an examinee is countad as incorrect. Only
one answer 1is permitted for each time, and the first answoer—--correct or
incorrect-—-made curing the lO-second response period 1is counced.

The response equipment was in prototype fourmw and bec 1se of opera-
tional difficulties could not be used for the cuperiment. However, if
proved possible to test the operating concept of the equipment by placing
a human grader behind each examinee and having this observer record on o
sheet of paper whether. the examinee touchud the correct location at the
correct time. This gre ing task was gquite simple, and during a pilot ru:
with elight examirees there were no difficulties in ¢grading.

The television monitors were black and white and mecasured 15 inches
diagonally. The examinees sat approximately 2 fecot from_the sets at
self-regulated distances so that they could manipulate the respomse im-

plements comfortakbkly. Prior to the start of the experiment, it wéé\de-
cided to remove the electronic tablets from in f-ont of the screens be-
cause of paraliax problems. After the tablets were removed, the accuracy

of the responding and scoring improved to a very precise level.

The response implements consisted of a stylus used for all multiple-
choice.and error-detection items, and two plastic gun reticles used for
notor-manipulation items. The stylus was simulated by using the eraser
Cod an ordinary lead pencil. The two plastic gun reticles, the same
aeslun. the M32 and M105D main gun reticles in the M60Al tank, were
manipulated by small wooden knobs glued to the plast.c reticles.

.

Examinees

The examinees were tank crewmen who had just completed the Advanced
Individual Training/Armor course. Altogether, 134 examinees assigned
from three different companies were tested. Examinees were drawn from
the companies by a selection process best described as haphazard rather
than random; however, there is no reason to believe that selective bias

was present. As each group of examinees arrived for the experiment for
each session, the group was randomly assigned to the television or paper-
and-pencil test. Originally, 144 examinees were schzduled for the ex-

periment, but 2 were lost due to scheduling problems and 8 werc lost dae
to scoring problems. :
Procedure

Testing was conducted over a-S5-day pericd in three morning and five
afternoon sessions. The actual schedule and distribution of examlinees

are given in Table 2.

14
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Tabla

Schodule and Distribut! ton of Fxaminees

st and i R Days B
E...L_II‘.';‘;NE) £ day B 1 2 3 4 = Tt aj < B
Televislion 16 LG 16 11 {1 70

Morning 8 . 3 151 -— - 24

Afteornuon ] 8 8 11 11 46

Paper—-and-

pencil 16 11 18 11 8 64
Mornir:.! . £ 4 10 - - 22
Aftoriioon 8 7 o 11 8 42

o

frach group of subjocts reported at 0800 or 1300 and was given an
orientati. 1 session explaining the purpose of the experiment. All of
the paper—and-pencil group was administered the paper-and-pencil test
right after an orien.ation. The television test was administered to
four examineces at a time; the rest ~f the television group was assligned
to a waiting room. Both the television and the paper-and-pencil tests
required approximately 1 hour to complete.

Annroximaie. - 10 minutes of training were required to teach the
Craminecs the m thods for vesponding to the television items. Most of
thic training was concentrated on the use of the plastic reticle. The
cxaminces were trained by having them respond to the four practice test
items. Tf any examinegc had diffiqulﬁy with the reticles, such as choos-
ing the incorrect raticle or holding reticles incorrectly, the tape w"s
stopped and the four practice items presented again. Tn no case was 1t
necessary ©O present the practic: items more than twice.

RESULTS

Feasibililty of Using Television in Testing

v

Th.. o..ominces did not appear to have any difficulty in understanding
the it.ms. All of the - ntent had been covered in the Advanced Individ-
ual Training course, and the examinees had been tested on similar items
several times. P11 of the items were also performance based and posed
questions that ~~ -ur normally in everyday operati~®ns.

15
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The ré%ponding proceoded smoothly for most items. The examinecs
responded very gaickly on the easy items (approximately 1i-2 seconds
with the stylus, 3-4 seconds with the yreticles). on difficult items,
the am unt of resvon:« time allotted (10 seconds) still appeared amj:le,
althougit therc usually would be a lot of hesitating over the answers.
On only a few items the examinees failed to respond. When queried
after the completion of the test about the amount of response f . -3,
most ex ninees indicated that for the most part the response time was
adequa . A few examinees sai ' that more respense time should have
baen lotted to some items.

The administration of the television test was more time consuming
than that of the paper-and-pencil test hecause of the need to provid.
preliminary training i: the correct way to respond and the limit i

four examinees per sc.osion. Administration could be made more asiple
by increars i the n mber of television monitors, but . wrald staill b
advisal- .~ vo have one test administrator for vach four « driinees because
of the cxaminees' unfamiliarity with the response metho: mared to
the administration time for hands-on testing, however, tr sion testing

is much less costlv.

Acceptance of Television Testing

.

The reaction of the examinees to t'e television test appeared to be
quite favorable. Postexamination inteirviews indicated that most ex-
aminees actually preferred the television test to the hands-on test
and all examinees thought the television test was fair. Even when
queried about the test's being uscd as g pbas’i for promoticn or extra

pay, the eXaminees still thought 1t was fair "me examinees pre-
ferred the hands-on mode of testing, but no - referred the paper-
and-pencil mod:. 7

Some reasons ment “ed for preferring the television mode follow:

1. Scoring is fairer and not dependent upon the whims of the test

administrator.

2 Testing is faster and not s¢ drawn ou..

3. In television testipa no one is shouting at you and ordering

vou around.

h
]
-
—
9]
b

Some ©f the reasons for nreferring the barnds-on mode
1 There 13z more time to think 2nd to respong.
Z. Testing is more spre«d cut and deoesn't come gso

3. Television hurts the eves.

Q 16 )
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4. Theroe s oa cnance to walk around hetween items.
The oxaminees also indicated that television testing would be

better than paper-and-pencil tescing because the quections would be
more un lerstandable o7 reguire much less reading.

Comparison of Teolevision, Paper—-and-—-Pencil, and Hands-On Tests

The comparison between the mcan percent error made on the television
tost and that made on the paper-and-pencil test is shown in Table 3.
The means for the television and paper—-and-pencil tests de not diitfer

1

to any great degree, indicatina that the dAifficulty levels of the two

tests are Talrly egual. ‘

Tabhle 3

Mean Percent Error Made on the Tolevision and Paper—-and-Pencil Tests

Test and Days
tim~ of davy 1 2 4 5 Mean
Television ‘
Morning 19.63 15,00 14.75 e e 16.46
Afternoon RPReTs 29,33 ZE .00 26,0y 27 .09 27.54
Unweighted mean 22.00
Papoer-and-ponc il
Morning 28,38 20.75 22.3 === mmme= 24.23
Afternoon 27.13 24.71 TTU5 22.90 27.38 26.05

Unweighted mean 25.14

One interestirqg facet of the data is that afternocon television
e many more errors than the morning groups. These results

Ht= ¥4

oxaminees mad
are ..nvincing because they are consistent across the first 3 days of
the experiment and because the afternocon means for Days 4 and 5 are
consistent with the other afternoon means. There ¢ a@s not appear to be

any morning-afternoon effect ~~r the paper-~and-pencil test.

Th \alysis of variance using the unweighted means anasysis for
unequa. cell frequencies (Winer, 1962) "is shown in Tahle 4. -This anal-
vsis shows no difference between the television test a..d the paper-and-

17
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ponectl test an terms ol bttom diffioulty. There waso g significant
morninag-attornoon o b foct, bHut the more meaningful resoalt s the

Stanid Picant mean Sepuare {(MG) intoraction. Analysia of thia MS intor-
action reveals that the morning-aftrernoon offoct o concentrated on

the bt lertision test and not on rhe paper—-and-penail tost.

in oovileor to check on whether the afternoon examinees may have beorn
s et itficd than the morning examinees, the first round no-go's
From th handds-on test were analyeed. These results ave shown in Tab e
o Tn:—;}w“r,:t ton of the means indicates 1itgle differonc beotweoen the
toelevicion and paper-and-peneill groups, or beotween the morning and
aftornoon group:s, T anvitning, the afternoon group performed sliaghtly
beiter than the morning group.  An analysis of variance of these

results showed no sitgnificant difforence for any of the variables.

'-l‘(-ll)l(“ 4

Analysis of Yaridancs for Television and Papor—and-—-rPencil Tests

BRI SNE ‘ ar MS 3 p

™ ve. Y 0 o Imetlbod) 1 9 .50 1.04 ne

‘oreag vs. Atternoon {session) i 124.57 13.60 L0

St X SuSsH 1o i DELLO .U LU
Within cell 130 3.16

Althongh overall scores on the tulevision and paperQand*pencil
tests did not differ, there might be differences among the various
items. Accordingly, the items were Jdrouped by response type fmultiple
choice, crror detection, and motor manipulation) and log linear
Chi-sguare tests (Shaffer., 1973) were commuted tor each item. Table 6
she »5 that there was a wide variation of gifficulty among the items

rangina from 10 ta K17 error. For the maltiple choice-items, there
was lirtle difference between the television and peper-and-pencil
versions. nly 1 of 13 items showed a significant difference. Tor

the error-detection items there was a sub=tantial difference, with
six out of nine items showing a significant difference.

O
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Tabie 5

. Mean Peorcent BError Made by the Television and
Pap- - and-Penci b G s oon the Hands-on Test
Test and o 7 Days
time of day 1 2 3 <l 5 Mean
Television
Morning 9. 00 6. 00 a.52 ———— - 8.16
Aftornoon Q.00 . 9,00 Hh.H2 .56 2.90 G.52
Unwe laghtoed mean 7. 34
Fapar-and-pencil
Morning 12.00 G .00 8.00 —-———— ———— 9.0
Afternoon 7.52 9.72 5.52 12.00 G.52 82.48
Unwelghtoed mean 8.78

It is interesting to note that errors of commission are more ditfi-
cult to detect on television; whereas errors of omission and no-error
items are more difficult to detect on paper-and-pencil. Three of the
cight motor-manipulatio:. items show some significant difference, and
all three of these items show more difficulty for the television test.
Thé net result of this item difficulty analysis shows five items more
difficult on televisicn tests and five items more difficult on paper-
and-pencil tests. This canceling effect is reflected in the overall
nonsignificant difference betwesn the television test and the paper-
and-pencil test.

The last analvsis, in Tabvle 7, shows the correlations ¢ the hands-
ci: 2st with ¢ paper-and-pancil test and the television test. Those
co:relatiohs are also broken down for the morning and afternoon groups.
There is a low positive correlation between the television and hands-on
tests and aliso between the paper-and-pencil and hands-~n tests. The
paper—and-percil correlation is significantly differe . from rern;
however, there is no significant difference between the television
versus the hands-on and the paper-and-pencil versus hands-on
correlaticns. The breakdown for morning and afternoon groups shows a
somewhat higher positive correlation. for the afternoon group and very
little correlation for the morning group. Once again, there is no
significant difference between the television and paper-and-pencil
correlations with the hands-on test.

| : | 19 o
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. Table o

Comparison Betweon Telovision and Paper—-and=-Ponct i
Items Percent Trco Arranged by Rosponso Typoes
Response btype and Hoerraov "
itom number Y PN~ b b
Multi plo choio o o o T ST
1 i 0 ny
2 ) 2 HEN
i ] 13 L.43
5 21 14 B2
O 38 72 13.823*
7 a7 50 ns
123 26 o0 na
) 16 12 1=
10 17 16 ns
11 3 5 s
12 0 V) ne
17 ] 3 ns
32 81 77 s
Error doetaction
(commissicn)
3 51 28 7.47%*
13 11 11 ns
14 40 12 11.09*
37 asn 56 1.42
Error «etection
(omis. .ion) .
16 19 57 14.38%*
17 4 a7 13.90%*
23 13 45 11.26*
Errocr detection ’
{noc errcr}
15 16 19 ns
20 17 60 30,367
Motor manipulation
(reticles)
13 46 16 12.24%*
2 51 17 16.17*
z4 4 5 ns
25 27 1t TL78F R
26 11 2 ns
27 14 - il ns
28 23 34 .45
_ 30 23 28 ns
*m o< .01 .
“*roo« 10
26

33
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Table 7

Cotrelations Between the Television and Paper-and-bencil

Scores and the Hands-On Performance Scoorcs
Troe of day
And toests correlatod v I
Overall
Tolryveision va. hands- R N o : : e
* S L n diffoerence is nonsigni ficant
Paper —and-penci bovas. handsi-on L3 <« Lol
Mormirig
!
Television vs. hands-on - .09 ns . . A
SR Pt e ) o Airference 1s nonsignificant
Panor—and-pencil va. hands--on . LG ns
Afrernoon
Television va. hands-on .47 .0 e . . e
s T e ) . A1 difference 1s nonsignificant
Paper-and-pencil vs. hands-on .40 - .01

CONCT,USTONS AND DISCUSSION

(e results from this rescarch indicate that it is possible to produce
a sunthetic test ysina television as the stimulus input. The examinees
can unders a1d the problems, make proper resbonses, and acceept the test
an "fair'" for caracr evaluation.

The experience gleaned from the production and administration of this
prototy e test indicates that television testing is more costly than
paper-and-pencil testing but far less costly than hands-on testing. The
production of the tape, from concepcion to final editing, required several
months and u<ad the services of a substantial number of professional
people. Television tests are also somewhat inflevwible, not only in the
difficulty in cifecti:,.g changes in the test, but also in the timing
decisions-—the amountcs of time to allot for posin each guestion and for
cach respohse-—that have to be made bhefore the produstion of the test.

Tc levision testinu will hrave a muck - mode promising future 1if a
presentation and response device can be designed which will permit the
examinee to advance to the nex:t item as soéa as the present one is
answered, to see the same item twice, to chdhge answers to an ltem, and
to review the c¢ntire test. Such a capability wonuld permit the flexibility
of presenting multipart items, such as in troubleshooting and would per-
mit the presentation of multimedia items, such as using both television
and technical manuals in the same item.

3¢
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The present experiment provides evidence that toleu jon testog
15 highly acceptable to the examinecs.  Their prodominant attitude was
that the test was little different from the hands—on tests in the Ad
vaneod Individual Training course, cxcept that television was qulckoey
and  less subidjoct to seoring error. ALL of the scenes were gquttte famil-

tar to the examinees, and the Jtems werce ones that they had been study -

ing tor g-13 woeks.,

Televicion used in the malviple—choice formatl appears to offor .
advantage over slide or paper-and-pencil formats.  Before the eXperi -
ment, it was felt that television would offer an advantage for those
items in which motion was an integral part of the sbimulus.  For o=am-
ple, Spangenburag (1973 has shown that watching a telovision Jdidpiay of
a procedure involving motion leads to more learning than watcohing a
sequence of still shots.  However, this advantage of motion proved to
bo true for one motion item in the present research (ltem 6, Table 6)
but not rrue for two items (5 and 7). Ferhaps if more motion-type
ttems had been included in the multipleo-choice category an advantage

might have been shown.

In the error-detection category there did appear to be a olcar-cut
difference between television and paper-and-pencil items.  Here the
fidelity of the stimulus did seem to piay a role, and the enriched
stimnlus of the television picture may have presented cues to the ex-
amineces.  The two oiror~detection ii-ws that proved to be more difri-~
calt for '=levision examinees {(iter . i and 14, Tables 1 and 6) were
two of the first error-detection 1t-m to be presented. Since error
detection was an unfamiliar response for the examinees, this unfamil-
larity may have caused some difficulty. This same phenomenon can b
seen in the motor-manipulation items which involve an even more unfa-
miliar responsc. Here tn: television examinecs had more @ifficintuy
with the first few items tran did the paper-and-pencil examinees.

The correlacions betweer. the synthetic and the hands-nn Lests are
too iow to warrant recommending the supstitutior of synthetic for hands-
on tests. However, the correlations for the afternoon groups are high
enough to encourage further research. The hands-on critericn test used
ir the present experiment was somewhat unsatisfactory because of the
large number of perfect scores. ' '

The drop irn thr scores on the television test for the afterr .on
group as comr 0 | Lo the morning group was interesting but unexpec!
One possible explanation for the drop may be that the examinees wer
required to stare continuously at a fairly large television screen - rom
a very rclouse distance for approximatély 1 nhour. A human being may .2
able to tolerate this strsin in the morning but bv the afternoon accumu-
lated ratigue plus a heavy Army lunch may have cembined with the stra:n

1

to produce a letdown.
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o bptt )l v e s vrai baby e et i et way Lo et

teot oot tedlevision. e only o pubbicohoed roesearsy for o mi b itory
bt b Shiraver o (Chraver o otoal., 1973 and o notod bhotore, the
R R N PR I ST A At | VI O SR R SV P I SRR LSRN S S PR PPN B IV B L Y R R IR

\

ke ton the e tdnt test wer s hoasied on e r st s e o Lttt

doevebopme it et ainiton, oel exyeerionoe Verry fow it d-and—tar
aurde Tvnees o e it Diecatiae many decinion opend o uporns b
Poorimet chicvion, Pl e f e P i onss, aned thue om0 oo rme avat .

S o bant o bamit baer tector i e dheeve forment b
oottt ot ot v v Croee vt able o for caech e e hoan s
Poor byl et o et 0 e mea b feciy b b b e beer o b fevraion Lo
Sucln s bl e e e aibsne s oot e tor oo ambeer GEorecnon,
e Dipdineg vt rain, general tatigwes, and adimini strative oost, One
advant oo S0 tolevicion testing over Dandseon testine s the low admine
Pobral bve ol ner examiteee . Tire lonaer P hee tedlevision tost, the Lo

Pire rdivant fepo

Althowgh exoereoncc with toelevision tosting ts too 1imited vt of for
bt in the way ot msdbe D ines, a0t omey b useful to o deserii.e the develop-

Wentbal stages andg come ot vty arr P ottt tes oncoun ! o redt,

Trior o thee voelopment of the teso it was Jdecided o aim for a
Gt mroate runnieg time, to cover tihee MOS 7 rank crewmen at oskill

leve o2 1, 2, and 3 and Lhe job positions of driver, loader, gunner, and

Lok ocommantbor. ThaTtest was to be g group test with oandivioiuaal TV
predl H e sviamiaens e e b yeanand fo bl [Eome b bopohing S

Pz of bl telovision scoroen wibth a sty lins or reticle.

The Hlr st omeloctlon step was to ask various militavy training
cerarment.s (gunnery, automotive, and such) to submit o list of critical
tasks whiio! should bhe tested.  These departments sub tted a total of 75
tasks.  Becwisse only a limited number of tasks cou . be used on the final -
tape, rfhe list had to be parcd down consideraply. Many 21sks were elim-—
lnated In order ro Lalance the test among skill levels and crew pnositions.
tor example, 40 of the tasks received from the departments were for skill
level 3 and only 5 of those rasks were on the final tap~. Moo vemailning
exvess tasks were eliminavesd gimsly by decliding to limit the test to tasks
associrated with the actual operation of the tank. Critical areas such as
drug abuse, first ald, leadership, and tactical decisions, and complex
tasks, such as si-tching n areca map and tasks that reacuired excessivelw
long television ranning times, were eliminated.

The first step in daveloping specific test items for dach task was
" list all response components making up a task and deacide wnether ea
o iOnse compoeonent was primarily cognitive, perceptual, or motcor. Each
cynltive or perceptual resconce component was then cxgmined for criticality
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The crror- ctoction r onso type was nclude s o vest che examineor!'
knowledge of lncerrect as .e¢ll o correct actlons. Manv lncorrect actions

occur very lutrequently but cain be very serious when they do occur.

Performing the correct action in a hands-on tost does not neccssaci ]
indicate awarceness of dan or points, and cxamnine s need to be tested
Alrectly as to awareness f incorrect actions.  nwever, as Shriver
pelnts out, watching somecno else perform s very different from doil: g

Lt owourself.  Falling to notl o o error mavy indicate Jach of kneoledgrn oy
it may indicate inability to netlice orror in other. .

The overall ronclucion is Lhat orror dc- lon Daoa Joabtful resmonas
type and more thought and rescarch are needed orior oo s acosniancs as

4 usceful vrocoduare.

3. Motor manipulation. This respons - type was rather zpecific to this
narticular study and the response equipment belng evalvat.d. In fact, oo
~trong selling point of the response eguipment was 1ts provision for
toesting the mote--manipulation ittems. ALl test items under :his partlcular

D

respo; se type partained to wiv re the examinee should place the reticle on
the =olevision sereen when simulating firing the main g ir ander woario.o
conditions. tHowever, analysis reveals that this res: oo type 15 5000
recally a test of motuy ability, but rathar a test of a combination of
perceptual ond cognitive abilities. The cognitive clement was knowing

the correct iead and elevation for earh target and the perceptual element
was beilng airle to (discriminate the corrvect lead and elevation. There 1s
no avider =t i+ .le that tho ability to manipulate a plastic reticle
on a telavision screen has any corcelat” -n with the motor element involved
in aiming an actual gun. On the plus side, this respon-e type is more of
a recall 1tem than a multiple-cholce question and therefore should provide
a more exact me. - of recall. ©On the minus side is the requirement

to learn 2 new re. onse qu.ckly (manipulating plastic reticles). Incorrect
responses may be caused by lack of knowledge or perceptual ability, or
merely by failure to master the new response of manipulating plastic

reticles.

This response type, like the error-detection roes: nse type, needs
much more thought and research prior to accoptance as a usoful procedure.

Some comments on @ few miscellaneous topics may also be useful:

1. Jre_of a time period to indicate error. One item (3, Tables 1
and 6) n the television test used the passage of time as the cue for
the exaininee to note an errsr. That i1s, the actor waited only 5 secondis
before continuing a procedur., where the prescribed procedure in the
technical manual calls for a 120-180-second wait. Some criil.-ism has
indicated that this time-pas:iage technigue might confuse exar Lnees
because Americans have been conditioned through exposure to moti:
pictures and television to accept any length time period shown on a
screen as the ‘appropriate time. Item 3 did seem to confuse many examinees.

O



2. Leng ‘tems. Several items on the television tape had relatively
leng running cimes (approximately 3 minutes). Some critics claim that
including snch loang items may be unwige because coverage of the tobal

subject matter is resy :owed at best, given a 50-60 minute time 1limst
for rhe tost.  Alihough a long item may not necessarily confuse the

examinces, 1t 5 noteworthy that 3 out of 4 long items retaired in the
test did prove very difficult for the television examinces and all 4
of the long ltems omitted from the study appeared to be confusing
iring pilot ruas.  Another reason for omitting long items is the
Lfficulty in getting an actor to perform a long sequence in lotter-
norpie fashlon. One very long item on the tape (evacuate injured
Crownun) wds never completely satisfactory. The final take was
accc;ﬂud bocause the director brcame concerned with the safoty of the

actor plaving the role of injured crewman.

3. Egggiggion. Unlike the human eye, television cannot capture
bhoth o widcwanqizh§iew and good r¢osolution at the same time. [For
scen s that reguire good resolution it is a good idea to zoom in on a
scere and remain there.  To attempt to show more than once closcup in
any <one scequence tends to confuse the viewer.

# 4.. Restricted view. Ev. with a wide-ancle lens, television gives
a - very restricted view and care must be taken to provic setting shots.
Precise judgments as t< the placement of controls are diffic.lt to
make from a television picture.

5. Poor depth perception. Much depth perceptio: is lost in a
television picture. Items that depend upon judcment of depth should
be cmitted.

6. Closeup and motion. Any kind of motion iun A closeun shot 1is
confusing. Necessary movements must be -@rv s.ow and precise. However,
it should e noted that slowness is per sived :s an error by mary people.

More research needs to be accumulat :d before a more precise set of
guldelines can be prod: For televisicn testing. Tarticularly needed
1s development of a me.e adequate stimulus presentation and response-
recording device. Also needed are rescarchers well grounded in the
capabilities and limitations of television and the use of television
cameras, lighting, and editing equipment. Television testing offers
much p~tential but before this potential can be reached, much preparatory
work r 1ains to be done.
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following fire command:

The
Six

Did

APPENDIX B
EXAMPLES OF PAPER-AND-pENCIL ITEMS
Multiple cho%gg.

You are the driver of an M60al tank, What response do you make to
following ground guide signal given at night with a flashlight?

a. HMove hackward. p——
b. Start eongine.

c. Stop engine.

G . Tarn left.

Error Detection
You are the loader in an MEQOA]l tank. The tank commander gives the
.

"GUNNER, BERHIVE TIME, TROOPS, ONE SIx HUNDRED"

firino switch has e2en checked and the breech is o7 - You do the
steps 1n order:

(1) Seliect. a BEEHIVE round.

{2} Insert the round 2/3 of the way into the champer.

(3) Push the rour? into the chamber with the heel of :ght hand.
(4) Clear the path of the recoil.

{5) Turn the firing switch to FIRE.

{(6) Announce "UPp."

you do anything wrong?

a. Step (2) is wrong.

b.* Step (3) is wrong.

U.QKA step is missing.

d. All of the steps are correct.

n 43



I
Motor Manipulation {Reticle Manipulation)

|

FOR THE NEXT FCBR PROBLEMS ENGAGE ALL STATIONARY TARGETS A" CENTER OF MASS
AND ASSUME ALL/MOVING TARGETS ARE TRAVELING AT 15 MPH. -

/
f

5 / . . .
23.  You are/the gunner on an M60A] tank. The tank commander gives the fire

command :

2 "GUNNER, SABOT, TANK"
Which of the following sight pictures would you take up using the periscope
reticle?

H— " m——— - - ——— ——————— -
/‘—,'
S ——— // -
e ———— - —r— s T
- .
‘ I
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APPENDIX C
EVALUATION CF THE TELESTRATOR EQUIPMENT4

One of the reasons the television test was designed and produced
was to evaluate the Telestrator eguipment (also known as the Telestar
equipment). The novel component of this equipment is an electronic
tablet which can be fitted over the .face cf a television screen. The
tablet will record the horizontal and vertical (XY) location when it
1s touched with an electronic contact point embedded in a stylus or
similar indicator {(such as a gunsight reticl.). By the proper use of
auxiliary recording equipment it is possible to record the place and
time ‘the screen is touched. The recording equipment includes a counter
which keeps a running to. il of the number of items, number of answers
attempted, and anumber of correct answers.

The complcte systoem includes the electronic tablet, a programing
unit, and scveral student units. The programming unit is used by the test
developer to place electronically on the television tape the XY
coordinates Tor the correct answer for each test item and the time
period during whicn the equipment will accept this answer. The student
unit compares electronically the programed answer and the examinee's
answer anl records the results.

The student unit provides three types of feedback to the examinee
for each test item. Immediate feedback is provided by a high-pitched
tone and a small red light that comes on for & correct answer versus
a low-pitched tene fand no light for an lncorrect answer. Slightly
delayed feedback cames from a counter which shows new totals of items
and correct answers at the end of ‘the programed time period for
answering egch problem.

As to whether the Telestrator egquipment has any merit or not, it
is necessary to examine both:

' The equipmént itself, as designed and pfbduced, and

The overali testing strategy which includes .(a) Individual
responding, (b) Television stimulus, (¢} Immediate feedback, .
and {(d) Time limit on each response,

t—

(3]
.

A. The Equipment

As with most newly designed egquipment, the Telestrator contained
many bugs and never worked properly. However, it was possible to test
some aspects of the equipment by using human graders to record right
or wrong answers by the examinees according to the time and place the
screen was touched. Several pirlot tests Were run with the following

results, ~

.
P

4rhis summary oi Telestrator operation was submitted previously to the
Training Support Division, TRADOC.
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(1) Accuracy. There ig a fundamental flaw in the Telestrator
design insofar as precise responding is concerned.  The equipment o
claimed to be accurate to 1/4 inch. However, due to parallax the
actual accuracy was moere on the order of 1 or 2 inches. This gross-
ness cffectively eliminated tiie use of the reticle test items because
with any reasonable size reticle no discrimination was possikle For
leads or ranues.  The grossness also climinated many test items in
which the examinee was reguired to discriminate among several tank
contr. 5. The spacing between these controls as shown on the screcn
was not great enocugh to permit exact programing of the answers, and
one answer box would overlap another. The parallax results from
mounting the electronic tablet at some distance from the actual
television scoreen (due to curvature of the television screecn the parallaw
increases as one approaches the edge of the screen).

Si

In ¢..ler to continue the experiment and test the idea of responding
to television, the electronic tablets were removed from the teicvisien
monitors and the examinces were requiréd to touch the face of the
actual television screcns. This completely eliminated all parallax and
permitted the use of reticle items and other precision responding.

(2) video presentation. The electronic tablet is constructed in
such a manner chat 1t blocks a l-inch-wide area around the outer cedge of
the television screen. This is a serious limitation because it is
necessary to use & small-size monitor for such cleseup work and this
outer 1 inch covers a substaitsial part cof the availlable screen arca.

B. Testing Strategy

Because of the device's failure to work properly and the poor design
of the electronic tablet, it was not possible to evaluate the testing
strategy completely. However, by eliminating the parallax (removing
the electronic tablets) and using human graders to record responses,
it was possible to make a limited test of the strategy.

(1) Responding to television. The examinees seemed to have a little
troublé undcrstanding the test items, and responded very preciszely.
Three types of test items were used; Multiple cholce,; Error detection,
and Reticle manipulation.

No training other than instructions was required for learning to
respond to the multiple-choice and error-detection’items. Approximately
19 minutes were required for training on the reticle-manipulation items.

(2) Time to respond. Ten seconds were allowed for respording to
each item. The time limit was generous and most examinees responded to
most ltems in less than 5 seconds.

(3) Perception of test. The examinees perceived the test as being
“fair"” and most actually preferred the television test over the hands-on

test.
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(4) Comparison with other s5ts. he television test was compared

to parallel paper—and-pencil and hands-on tests.

(a; Paper-and-pencil test. Overall therc was little difference
oetwoern the mean scores on the television and the paper—and—h‘xc1l bersts.,
Howoyv v, on an Ltem-by-item basis there was conaidorable ditfference for
Lo iioms. iy prrov o orection, the tclevision score wore muoh hetter:

cle manipulation. the television scored ware wWorse.

(t:}  Harnds-or toon There was a low poslitive correlation between
rheo toloevision test ol Bhe nands-on test. This correlation was less than

The eoxperis ot was too limited to permit any conclusions at this time

Sioli refoe oo the ~oliability and validity of thoe above results,
{5) reedback.  Becau

e the cmaminees were tested four att a time and
u 5, 1t was not essible

saus
becagie the Telestrator oqgulpment was not work®
to provide lmmediate fecdback af‘oer each 1ter

() FEve fatique. The television test and the responding mode
r- uired the examinees “o stare continuallv at the television monitor.

Thore were many cor,.iaints of eyestrain and there is some evidence that

the afternoon television oxamineces performed more pooriy than the merning

teievislon examinees.

Conclusicons and Recommendations

(1) The Tolestrotor equipment as presently designed should be rejected
because »f the parallax problem.

(2} The television method appears to offer cnough promize to warrant
the testing of other response doevices which do not have the parallax

problem.

(3} There are many unknowns in television testing and the overall
testing strategy, and the rescarch effort needs to be greatly expandad

such as:
(a) A more definitlv comparison with hands-on tests.
{b) Tesearch on the "lmmediate feedback” idea.
(c) ising alternative responsc devics:.
(d) comparison with slide-tape devices.

(e} Turther rescarch on eve fatigue.

|8
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