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SUMMARY

I
BACKGROUND

I
Efficient tests are the goal of the test developer and adminis—

I trator. Two assumptions can be made concerning test types; first

that a full performance test (demonstration of the actual criterion

I behavior in a realistic setting) is the most valid type of test:

I second, that a group administerable test yielding scorable task pro—

duct and process information is the most feasible type of test. Any

test, then, that is both full performance and group administerable ——

valid and feasible —— is an efficient test and should present no

* problem for the developer or administrator. Experience suggests,

however , that many job—tasks cannot be simply translated into effic-

ient tests. The nature of these tasks, together with time and cost

constraints, create problems for the test developer; problems which

all too often are circumvented by resorting to substitute tests of

- questionable efficiency. A possible solution to these problems is

based on the concepts of simulation and task element sampling and is

termed synthetic performance testing.

A synthetic performance test is conceived of as a job performance

test that has been degraded to some degree in the range of task ele-

ments covered or in the fidelity of stimulus/response features. The

intent i.~ to connote a process of synthesis by which the substructure

of a job—task is used as the basis for selectively constructing alter—

F nate forms of a test; each test representing (at least theoretically)

a more or less optimal blend of validity and feasibility.

iii
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PURPOSE

The concept of synthetic performance testing seems reasonable,

but needs further development and empirical verification before it

i can be codified into procedures useful to test developers. The

• research reported here attempted to chart the areas of synthetic per—

[ formance testing by focusing on three major objectives:

1. Identify testing problems that forestall the
use of efficient tests.

~.1
2. Develop a tentative model of synthetic test—

ing procedures.

3. Explore portions of the model experimentally.

ANALYSIS OF TESTING PROBLEMS

Features of job—tasks that are problematic in developing efficient

-. performance tests were identif led and classified. Two categories,

task conditions and task behavior, were identif led as potential sources

of difficulty f or the test developers in achieving fully relevant yet

-
~~ feasible tests. Testing problems within each category were then iden—

tif led and reviewed from the standpoint of their Implications for

synthetic testing.

The testing problems are:

Task Conditions Task Behavior

1. Scarce 1. Long process
. Equipment/Facility

Terrain 2. Transient process
Personnel

3. Affective
2. Dangerous

3. Variable
Surround 

1 L1 U

-. . Display

il 4. Latent ‘
,
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1:
The potential relevance of synthetic nethods to the problem areas

i was discussed. It was concluded that the problems of dangerous , scarce ,

and variable task conditions are potentially resolvable by synthetic

j test methods. The same was concluded for tasks involving a long

— 
process. On the other hand, problems of transient and affectively

controlled task behavior, or tasks subject to latent conditions, appear

less amenable to solution by synthetic methods.

PRELIMINARY MODEL FOR SYNTHETIC TESTING

A procedural model for synthetic testing was conceptualized . The

model attempts to lead the test developer to an efficient method for

testing a task by progressing through a series of decisions about a

~ 1. task’s response characteristics. The simple taxonomy of task charac-

teristics is based on the assumption that a task can be characterized

-
~~ in three dimensions : a behavioral component , a skill component, and

an affective component . The model attempts to be exhaustive by covering

all problems identified as deterrents to efficient testing. Captured

in the model are the three most problematic and interactive aspects of

the task—test domain : type of task , task element sampling, and test

method . Moreover , the general framework seems useful as a way of codi—

f ying guidelines for the development of synthetic tests .

PILOT EXPERIMENTATION

Two parts of the preliminary model were selected for pilot experi—

mentation :

• .. 1. Knowledge testing of low—skill psychomotor tasks.

2. Synthetic testing of skilled psychomotor tasks.

• V 
_ _
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Each, experiment ts summarized below:

Low—Skilled Procedural Tasks are manual tasks relatively

unrestrained by time and composed of discrete steps , each of which

can be performed with one or two guided practice trials. The pur-

pose of this experiment was to assess four methods of knowledge test-

ing in terms of their relative and absolute correlation with “hands—

on” task prof iciency for high and low mental ability Ss.

A hands—on performance test and four versions of a knowledge

test were developed for each of three job tasks. One test version

was a conventional multiple—choice test; the other three employed

pictures but used different methods of eliciting task knowledge.

A number of interesting though tentative findings emerged:

1. High correlations between task knowledge and
task performance strongly supported the
hypothesis that performance on low—skill
procedural tasks is mediated by knowledge.

2. Substantial differences among the methods
of knowledge testing were not found.

3. Correlations between knowledge and performance
were not significantly different for low
versus high mental ability Ss, though the
latter group had higher average scores on the
knowledge tests.

Skilled motor tasks present a special challenge to synthetic

testing. Three small demonstration studies were designed to explore

two assumptions not reflected in the preliminary model . The aasump —

tions are :

• 1. In any motor skill there is at least one
key response feature that distinguishes
masters from nonmasters.

L _ _ _ _ _ _  
_ _
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2. In eliciting even a facsimile of that
feature through part—task simulation, the
response of a master will differ generic-
ally from that of a nonmaster.

Study 1 attempted to demonstrate the effectiveness of a syn-

thetic test method in which aspects of the feedback complex were

degraded. The task was aim—firing the .45 caliber pistol. The

results indicate that it stay well be possible to test this type of

skill validly with substantial reduction in external feedback

fidelity.

Study II was designed to determine whether a pattern of response

or “signature” distinguishing masters from nonmasters could be identi-

fied for a motor skill. The relevant task again was pistol firing,

and the response feature of interest was barrel movement in aiming.

i nfortunately, apparatus problems prevented completion of this study.

Study III was a brief test to explore the possibility that

cognitively mediated aspects of a motor skill could be identified,

measured , and validated against performance. The task was typing.

The results suggest the possibility that skilled task performance

(mastery) may actually inhibit performance on a synthetic test of that

task .

CONCLUSIONS

The results of the pilot experiments indicate that the model for

synthetic performance testing is a promising one. The rationale and

definitions underlying each of the decision points in the model need

further development, and the method categories need expanding into

vii
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I
I hypothesized procedures. Yet this conceptual work can go only

I so far without additional empirical data. Maturity of a synthetic

approach to test development can be brought about best by the con—

tinued interplay of conceptual and experimental effort.

‘C

‘C
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PRE FA CE

This is the final, report on a project entitled , “Research on
Methods of Synthetic Performance Testing.” The project was direc-
ted toward the exploration of tes t methods and media comprising
eff icient  substitute tests for use in those instances where full
performance testing is not conside red fe asible . The report covers
analysis of testing problems that  preclude the use of e f f ic ien t
tests , a t~ a’- ative procedura l mode l for developmen t of synthet ic
tes ts , and results of pilot experimentation on synthetic testing
con cep ts .

Work reported here was conducted by the Human Resources
Research Organization (HumRRO ) unde r Con t rac t No. DAI-1C 19—74—C—00 59
with the U. S .  Army Research Institute for the Behavi oral and Social
Sciences . The research was performe d at HumRRO’s Central Division
(LOuisville) under the supervision of William Osborn , who is
Di rector of the Louisville Off ice  and Project Di rector. Dr.  Wallace
W. Prophet is Director of the H ustRRO Central Division . The projec t
s t a f f  included J . Patrick Ford , Pete r B. Wylie , Rob ert Vineberg,
Roy C. Campbell , James H.  Harris , and Jack R. Reeves. Mr.  Eugene
Johnson , the Cont racti n g Of f ice r ’s Techn ic al Rep resen tat ive , pro-
vided administrative and technical guidan ce throughout the project
and contributed substantially to the conceptual work reporte d here .
L 0  Wi llis C. Prat t , Military Chief of ARI ’s Fort Knox Field Unit ,
secured the soldiers who serve d as subjec ts for data collection .
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I
It;TRODU CTION

A job performance test may be defined as the controlled obser—

vation of job behavior under realistic and standardized job condi—

• tions . The development and use of such tests would seem to be

straightforward : the job—relevant conditions for task performance

are created and an acceptable criterion of performance defined.

Then the trainee or job incumbent is asked to perform , and his per-

formance is evaluated against the established criterion . Unfor-

tunately , the nature of certain types of job—tasks, together with

time and cos t constraints , often create problems for the test

developer. In circumventing these problems he frequently resorts

to simplistic test prc~edures of questionable reliability or validity .

More grave, however , is the fact that such compromises so often

occur —— apparently either because of inadequate regard for the price

one pays in diminishing reliability and validity,  or because of a

lack of awareness of alternate approaches. The most typical sub-

stitute for performance testing is the written multiple—choice test

of job knowledge .

It is worthwhile to attempt clarification of the term “perform-

ance test” in relation to what appears to be a separate and distinct

class of tests descriptively termed “paper—and—pencil test ,” or

“knowledge test ,” or simp ly “written test.” These kinds of labels

reflect artificial distinctions and are misl€.ading. They normally

refer to the ubiquitous multiple—choice knowledge test presented in

a verbal medium. Yet , a true performance test for many clerical tasks

2 
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l
would also be “paper—and—pencil” ; a~ s o s s ~ ng the perform ance of one

who operates an information center would involve essentially “know-

ledge testing”; and , performance measures for jobs involving journ-

alistic or written communication tasks would lead to the use of

“written tests.” It is even possible for a job performance to con-

sist of a true multiple—choice response, as with a surgical assis-

tant selecting on command the proper instrument from an array; or

a tank gunner engaging the most threatening target when confronted

with multiple enemy emplacements.

The one really important, though implicit, fea ture of the

so—called written (or knowledge) class of tests is that they are

administrable to large n~~ bers of people at once . The reason such

tests are group—administrable is two—fold: a) they do not involve

scarce equipment or space which often is either unavailable in quan-

tity or too costly to tie up for group testing purposes , and , b) they

yield a recorded product(s) which may be collected by the tester and

• scored later —— both in terms of accuracy of tue product and reasons

for any inaccuracies or failures.

So , to achieve some perspective on types of tests it might be

well to begin by casting out most of the casual or superficially

descrip tive labels , and make two assumptions: first, that a full per—

forniance test (demonstration of the actual criterion behavior in a

realistic criterion setting) is the most valid type of achievement

test; second, that a group administerable test yielding scorable

task product a~ d process information is the most feasible type of

achievement test. Any test, then , that is both full performaicLo3



I
and group administerable —— val i d ~~d Le asible —— is an efficient

I test , and should present no problem to the developer or adminis-

trator. On the other hand , experience suggests that many tasks

• J cannot be simply translated into efficient tests. When this occurs

• some type of substitute test is created —— hopefully one that mini-

mizes loss in validity and feasibility.

This project was directed toward the exploration of test

methods and media that lead to high ly efficient substitute tes ts .

A synthetic test, as tentatively conceived, is a job performance

test that has been degraz~ad to some degree in the range of task

• elements covered or in the fidelity of stimulus/response features.

The term is used to indicate a somewhat broader range of possible

alternative approaches t~ testing than implied in related terms

such as “simulated” or “sy mb olic” test. The intention is to

connote a process of synthesis by which the substructure of a job

• task is used as the basis for selectively constructing alternate

forms of a test, each representing (at least theoretically) a more

or less optimal blen d of validity and feasibility. In some cases

- 

this may be achieved through simulation ; that is , by substituting

for stimuli in either the task display or the surround, or by

requiring a substitute response . In other cases , efficient tests

may be created by testing on a subset of task elements , regardless

of whether simulation is used. Thus , synthetically generated alterna-

tives to fully relevant performance tests may vary in two major

dimensions , fidelity and scope .

L.
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I
Examples can be foun d (Glaze r , 1954; Frederiksen , 1957; Osborn ,

1970) of what is here termed syn thetic tests . Unfortunately , they

represent little more than examples, as they deal with substitute test

methods limited to specific types of tasks. None reflects an unde r-

lying systematic basis for generalizing the approach to other types of

tasks — or , for that matter , even to other similar tasks . What is

needed , before work proceeds toward the development of synthetic test

procedures , is an analysis of the types of job tasks for which syn-

thetic tests offer potentially efficient means of performance evalua-

tion . Even more basically, we should first answer the questions,

“Why can ’t the performance of ~~y task be evaluated with an efficient

test?” ; “What are the traits of certain tasks that prevent eff icient

testing?” Answers to these questions should enable us to identify

and classify the kinds of performance testing problems which can

logically be addressed via synthetic testing methods. Method s can

then be conceptualized for coithinations of tasks and testing problems,

and evaluated empirically .

The work reported here is an attemp t to chart the area of sub-

stitute or synthetic performance testing. The report covers three

phases of research. First , job tasks we re analyzed to identif y testing

• problems that forestall the use of fully efficient tests , and to

• 
estimate the usefulness of synthetic testing approaches in circumventing

these problems . Next , a tentative mo del of synthetic testing procedures

• was developed. And , finally , portions of the model were exp lored

experimentally . Results of this work are reported in the following

sections .

5
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ANALYSIS OF TESTING PROBLEMS

The purpose of this phase of the research was to identif y and

• classify features of job tasks that are prob lematic in developing

efficient performance tests. An inductive approach was used in
- which many job—tasks were analyzed in terms of difficulties pre—

a
sented to the test developer. The difficulties were organized

into classes of testing problems and keyed to major task dimensions.

Problem classes were then reviewed from the standpoint of their

implications for synthetic testing.

• METHOD

A sample of 100 tasks was selected from an existing inventory

of approximately 700 tasks spanning all skill levels for an Army job

(Reconnaissance Specialist) . Tasks were selected proportionally and

I randomly from each of 31 con tent areas included in this inventory .

The most heavily represented content areas in the initial sample were:
p

Machineguns (12 tasks), Communication (6 tasks), Leadership (6 tasks),

‘ 
Tracked Vehicles (6 tasks) , Tactics (6 tasks), First Aid (5 tasks) ,

and Land Navigation (5 tasks) .

I As an additional precaution to insure a re asonab le variety of

job tasks , the initial sample was subjected to another screening.

I This was accomplished using a simple taxonomic structure defined by

three levels of task behavior and three classes of task display. The

levels of task behavior were taken from Aimnernian and Meleh ing (1966) •

and are characterized as follows :

I
6
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I . Specific Task — A particular work activity ,

with a clear beginning and ending point ,
that is performed under a specific set of

I task conditions .

Generalized Skill — A relatively specific

I activity performed under similar but not
identical task conditions .

Generalized Behavior — A manner of behavior
I or way of doing things ; e.g. , application of

values and principles.

j The types of task display — Peop le, Data, Things — were taken from

the Department of Labor ’s occupational analysis work (1965) . Coin—

L bining these two factors produced nine categories into which tasks

were sorted.

• As expected , classification of the 100 tasks resulted in a high

concentration of Specific Tasks and Generalized Skills, chiefly

• dealing with Things. Virtually absent were Ceneralized Behaviors.

• While the distribution accurately profiled the ilD’s job, it was not

considered satisfactory for our purposes . Therefore , the 600

remaining tasks we re again screened specifically for Gene ralized

Behaviors , as well as additional People and Data oriented tasks.

• The attempt was to over—sample in all categories but Specific

Tasks and Generalized Skills pertaining to Things . The f inul set of

100 tasks was distributed as shown below:

Task Display

People Data Things

• • Specific
Task 4 11 31 46

Task Generalized
Behavior Skill 11 15 20 46

Generalized 8Behavior 2 3 3

17 29 54 100

7



Some representation was provi ded in each category , which was about

all that could be hoped for given the nature of the Reconnaissance

Specialists’ job. Though less than ideal, the variety of tasks

was considered adequate for the purpose of identifying the full

range of potential testin3 prob lems .

Once the working set of 100 tasks was decided on , a fully

relevant job performance test was conceptualized for each. In

conceptualizing these tests , every effort was made to capture

realistic aspects of the job situation in which the tasks would be

performed. For example , in the task “Apply first aid measures for

a fracture , sprain , or dislocation ,” consideration was given to

(a) the types and numbers of casualties to which each trainee would

be exposed; (b) the stressful environment in which the trainee would

be requi red to perform; (c) the various methods by which the trainees’

performance would be scored; and , (d) the ti me required to test

each trainee . With a concept for the fully relevant test in mind ,

it was then evaluated from the standpoint of feas ibility. Feasi—

bility was judged principally in terms of the test ’s conformity to

the following hypothetical but not un realistic cons t raints :

50 men to be tested

one hour to complete testing

. three test administrators or monitors

no more than one item of major equipment per
ten people

go/no go and process scores require

d8



I
In addition to problems created by the above constraints , other

J special features were noted which , if not dealt with by other than

a conventional test mode, would severely jeopardize test validity

or reliability.

With the assistance of a military subject matter specialist

each of the 100 job tasks was explored in this manner, and the prob-

lenis recorded by task in a narrative fashion. The full list of

problems was then reduced by collapsing similar problems into

categories. Finally , the problem categories were organized and

redefined in terms of generalized task characteristics or dimen-

sions.

RESULTS

Two major dimensions of job-tasks, Task Conditions and Task

• Behavior , were identified as potential sources of difficulty for

the test developer in achieving fully relevant yet feas ible tests .

Outlined below is the structure of task characteristics which

inhibit the development of performance tests , and which mus t be

dealt with through simulation , task element sampling, or other means

if near optimal coinpromises betwen validity and feasibility are

to be achieved. The type and relative frequency of these testing

problems is sun!narized in Table 1. A complete tabulation by task

is given in Appendix 

A . 9
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TABLE 1

FREQUENCY AND TYPE OF TESTING PROBLEMS
ANTICIPATED IN A SAMPLE OF 100 JOB TASKS

Problem Frequency Sample Task

Task Conditions

Scarce 84
Equipment/Facility  62 Zero 551 gun launcher
Terrain 43 Navigate with a compass
Personnel 34 Lead a security patrol

Dangerous 33 Prepare a shaped charge

Vari able 38
Surround 5 Engage target under limited

• - vis ib ility
Display 34 Camouflage a weapon

• Latent 12 CIve CBR alarm

Task Behavior

Lon g Process 18 Conduct marksmanship training

Transient Process . . .  43 Communicate by radio

Affective 12 Maintain light discipline

10



Task Conditions

Scarce. A very large percentage of tasks involve task—relevant

conditions (equipment, terrain or support personnel) that are costly

or otherwise difficult to obtain in the quantity normally required to

efficiently test a large number of personnel in a reasonable length

of time . Of the sample of 100 tasks examined , 62 involved equipment

(and facilities) which would normally not be available in sufficient

quantity for any type of group testing. Because of terrain require-

ments full—field testing on 43 of the tasks would be difficult or

impossible to carry out on other than an individual basis. Similar

testing limitations would exist for 34 of the tasks which involve

either (a) large numbers of specially trained personnel to partici-

pate as task—relevant conditions, or (b) support personnel to act

as test controllers. A total of 84 tasks require one or more of

these three types of scarce resources.

Dangerous. Thirty—three tasks were identified as having condi-

tions which , if realistically created, would be either physically or

psychologically hazardous to people being tested. In nearly all of

these cases the conditions are sufficiently dangerous as to unequivo-

cally preclude testing with full realism.

Variable. Standardization of conditions is fundamental to valid

testing, yet 38 of the tasks presen t some problem with respect to

maintaining control over task conditions . Five tasks involve aspect

of the surroun d (e.g. , win d and visibility) which would be most diffi-

cult to reproduce from one test session to another. In 34 tasks,

11



I
elements of the display presented con t rol p rob lems . Thirteen cases

involved peop le as task—re levan t aspects of the display , and the

behavior of others would be d i f f icul t  to standardize over test adinin—

istrations. Other display conditions which would present standard-

ization problems were identified in 21 tasks (e.g., materials availa-

ble for camouflaging a weap on , or the condition of equipment to be

— serviced) .

Latent. For lack of a more descriptive term , the word “laten t”

is used to characterize task relevan t conditions which require

detection as well as immediate reaction by the person being tested.

Tasks with this feature may complicate the testing process in that

a prolon ged time period may be needed to accommodate the vigilance

set requi red. On ly 12 such tasks were identified including “Give

CBR Al arm,” “Perform duties of an interior guard ,” and , “Avoid poison

plants .” Testing Problems created by tasks of this type are similar

to those encountered for affective task beh avior as mentioned below.

Task Behavior

Lengthy Process. The time required to execute a task is an

obvious factor to be considered in developing feasible tests .

Eighteen tasks were jud ged to take more than an hour . In mos t of

• these cases the testing time was estimated at 1 to 4 hours . However ,

in the case of “Recommend personnel for promotion ,” full enactment

of the task could well involve several days or even weeks if even

minimally realistic conditions for personnel data collection we re

created.

2
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Transient Process. In achieving efficient tests perhaps the

most constraining task characteristic is that of a transient task

process. The process in performing some tasks is preserved in or

inferrable from the product or outcome of the task (e .g . ,  “P repare

a wr i t ten message , ” or “camou f lage a weapon”).  Tasks of this

sort, unless prohibitively expensive equipment is involved, can be

group tested. On the other hand , tasks in which process is not

preserved in the product (e.g., “Communicate information over radio

net” or “Ground guide a wheeled vehicle”) must be administered on

an individual basis in order for the tester to record performance.

A variation of this problem occurs in some task products which,

were it not for certain critical safety precautions that must be

observed, otherwise preserve the process (e.g., splinting a broken

leg or disassembling a weapon). Transient process was a charac-

teristic of 43 of the tasks.

Affective. Twelve tasks were seen as having a substantial

affective or “willingness to perform” component. This means that

some unobtrusive method of testing would be called for. In testing

on the task “Maintain light discipline , ” fo r example , the soldier

must nor know he is being tested if the test is to provide a valid

measure of task performance. In the case of preventive maintenance

tasks on weapons, deciding to perform the maintenance is at least as

important a behavior as performing the maintenance itself. Realistic

enactment of conditions for tasks of this sort presents problems from

the standpoint of creatively and unobtrusively utilizing testing time

to permit the behavior to be emitted .

13 
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IMPLICAT IONS

Though little in the way of detailed implications for synthetic

testing can be drawn at this point , certain general observations may

• be made. The potential relevance of synthetic methods to the prob —

lem areas is discussed below. Our judgment of the degree of rele-

vance is reflected in the order in which the problei~ are discussed.

Dangerous Conditions. The area perhaps of highest priority for

utilization of synthetic test methods is that in which the creation

of realistic task conditions constitutes a danger to the man being

tested . In these instances a fully relevan t performance tes t is

totally and unequivocally out of the question , and some type of

simulation or part task testing is a necessity . This has lon g been

recognized both as a training and testing problem. On one hand ,

such tasks are usually the most important to train and test efféc—

tively , for the very reason that they are dangerous; on the other,

attempts to generate realistically a sense of danger may be viewed

as unethical treatment of participants. Severe threat to life, limb

or psychological stability is normally to be avoided in training

and testing exercises . Yet simulation can offer a means of resolving

this dilemma.

To be effective, a simulation does not have to duplicate or even

[ approximate the actual stressful stimulus. It must provide a suf—

ficient level of stress to instill a sense of psychological intensity

or urgency on the part of the person being trained or tested, and its

form should be such that it effectively duplicates the real stimulus

in the control exerted over the criterion behavior.

14
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A good example of this is seen in an innovative simulation used

in an infantry platoon combat exercise (U.S. Army Research Institute,

I 1973) . The principal feature of the method involves each man having

a number on his helmet and an inexpensive scope mounted on his rifle;

then , during the exercise a soldier may “kill” by correctly report—

I ing an enemy ’s number , or “be killed” by allowing his number to be

s2ghted by the enemy . Number size and scope power h ave been care—

I fully calibrated from empirical data so that the probability of a

simulated “kill” is highly correlated with the expected outcome in

actual battle . The appeal of this simulation is that , without real

bullets, the situational feedback exerts realistic control over

players ’ behavior. Experienced soldiers report that mistakes leading

- to “death” in the simulated situation are virtual ly the same as those

that cause people to be killed in combat.

Similar effects could be created for other dangerous tasks. An

effective simulation in “preparing a shaped charge ,” for example ,

• - might involve a clay substitute for the plastic explosive with a

buzzer assembly attached. If the sensitivity of the buzzer were

closely calibrated to that of the actual explosive , handling of the

mock explosive could be realistically tested (and trained) .

- 
The point here is that the simulation need not entail anything

physically similar to the aversive stimulus, or even psychologically

• similar in intensity of its threat. The substitute stimulus threat

must only enable a timely , accurate, unequivocal, and pub lic record

of response adequacy . The importance of carefully designed effective

~
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simulations for tasks of this sort is apparent in light of the fact

that the resulting test conditions constitute the most relevant

criterion situation —— there neither is nor will be (short of a

war environment) a better criterion against which to validate

the simulation.

Scarce Conditions. Unavailable equipment, facilities or terrain

is the traditional area for use of simulation . The fidelity of equip-

ment simulations required for effective training has been the object

of much study (e.g., Dougherty , et al, 1957; Cox , et al, 1965; Prophet

and Boyd , 1970). A result of possible significance to synthetic

test development is that relatively low level simulations are adequate

for training simple procedural tasks, while high fidelity simula-

tion is needed for highly skilled tasks . This generalization applies

equally well to motor and perceptual skills. Though the latter may

be less well researched , there is evidence for discrimination or

recognition tasks that extremely high fidelity stimuli are necessary

if training is to transfer positively to the field setting (Mackie ,

1964 ; Baldwin , 1973) .

The same notion may be tentatively generalized to problems of

unavailable terrain . Where task behavior involves fine—grained per—

ceptual discrimination pertaining to terrain, as in tactical driving

or target identification, very high fidelity terrain simulation will

likely be required . On the other hand , where task performance is

relatively robust with respect to perceptual feedback from terrain

16
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I
features - as in conducting an administrative movement , breeching a

minefield , or possibly even in land navigation tasks — it would seem

that fairly degraded terrain simulations could be used. There is

evidenr.e to suggest that , where miniaturization has been found

appropriate in training, the de~~~~ of reduction and fidelity of

terrain simulations are not highly significant factors (Baker , et al ,

1964) .

The problem of personnel as relevant conditions in task per—

forinance actually breaks down into two separate issues . First ,

there is the case in wh ich people function as reason ably reliable ,

methodical and responsive elements of the environment , much like

equipment or other inanimate task—relevant conditions ; examples

include , “conduct an administrative movemen t ,” “coordinate unit

defense plans with adjacent units ,” “supervise a route reconnaissance .”

In such instances “pers onnel—objects ” can probab ly be modele d through

miniaturized mockup or other means without greatly reducing effective

fidelity . The secon d class of task involving people as task—re levant

conditions is that which requires skilled and adaptive interaction,

whether verbal or physical, between the person being evaluated and

the object person . As this. second case centers around the problem

of variable task conditions it will be discussed below.

Variable Conditions. Difficult ies in controlling conditions

for certain tasks presents a problem that certainly should be addressed

by synthetic test methods. As with dangerous conditions — though to

a lesser exten t — variable conditions in some instances seriously

inhibit good performance testing at most any cost. It is usually a

17
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I
two—sided problem. If we attempt to control conditions by testing

people individually in exactly the same setting on identical condi-

tions, wear and tear from repeated administrations begin to leave 
-

tell—tale signs that prompt or mislead subsequent test subjects.

On the other hand, it may not be possible to circumvent that prob—

leiu by creating several identical sets of conditions. Conditions

— for “camouflaging a weapon” or “clearing fields of fire” simply cannot

be duplicated many times over for realistic standardized testing.

Similarly , creating a “standard” amount of dirt , rust , wear and

operational defi ciency in weapons so that men may be tes ted on

their maintenance—services performance is simply not feasible.

If in these cases we can assume that motor skill requirements for

executing the task are minimal, and it is the perceptual and

decision—making skills that are d omin an t , the effective use of syn-

thetic substitutes is very possible.

The issue of people as variable task conditions was mentioned

ab ove . Tasks like “apply psychological first aid ,” “investigate

complaints,” “counter disruptive influences and acts ,” and “recommend

personnel for promotion” require demonstration of interpersonal

skills ranging from empathy. to actual physical intervention. Here ,

the other person or group of people represent an important part of

the environment to be controlled — that is , standardized — from

one test administration to the next. People are difficult to

standardize; and, other than through the use of well trained

“standardized others” in a role playing mode , effective synthetic

18
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solutions are not obvious.

Lon g Task Process. Where task performance is extremely time

consuming, the concept of part—tas k testing would seem particu—

r larly useful. In navigation from point A to point B on the ground

using map and compass , for example , a soldier migh t be tested on

three elements: set an accurate compass heading, pace exactly ten

meters, and calculate the number of paces necessary to arrive at

point B. This would eliminate the t ime required to actually nego-

tiate the full distance on foot , and presumably without significant

loss in test validity . Breeching a minefield could be similarly

tested by merely requiring the soldier to designate a route through

the field and demonstrate his ability to probe for a mine.

•. Latent Conditions and Affective Behavior. Testing problems

associated with tasks requiring an unalerted reaction to infrequent

and unpredictable stimuli do not seem particularly amenable to

solution by synthetic methods . The same holds for tasks with a sub-

stantial affective or “will do” (as opposed to “can do”) component.

In both cases effective test methods must center aroun d creation of

an unalerted and unobtrusive set — that is, the soldier must not be

aware that he is being tested , at least unaware he is being tested

on that particular task. Solutions to this problem lie in an approach

that a) satellites the task on another task that is ostensibly the one

being tested , or b) embeds the subject task in a job context of other

tasks that are being tested as a functional module (Osborn , et al.,

1974) . This type of solution lies outside the domain of synthetic

test methods .

19
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I
Transient Task Behavior. Tasks in which the process is not

preserved in task product or outcome also constitute a problem that

is not directly relevant to synthetic testing. To avoid the require-

ment for a tester to observe and score each soldier ’s task perform-

ance as it is executed , all one has to do is record performance on

audio (e.g., “communicate information over radio net”) or video

(“ground guide a wheeled vehicle”) tape for scoring later. To

the extent that competent test administrators are not available in

quantity, or that other problems associated with individual testing

prevail, the use of recordings may be more than justified. But

again, as with the previous problem category, this type of solution

does not constitute a synthetic tes t method .

The foregoing analysis of testing problems provided a basis

for the next phase of the research , which was to develop preliminary

guidelines for synthetic test development.

ii
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PRELIMINARY MODEL FOR SYNTHETIC TESTING

A variety of barriers to constructing efficient tests was

identified in the first phase of research, and it became increas-

ingly apparent that no single approach to synthetic test develop-

ment would work for all tasks. A dilemma, not uncommon in new

areas of research, surfaced at this point in the project: hypotheses

about techniques of constructing efficient tests should be derived

from theoretical or experimental work , yet little or no research

has been done on the comparability of various test methods; on the

other hand, good theoretical or experimental work depends on

carefully formulated hypotheses. So, as a starting point, a pro-

cedural model was conceptualized. This model attempts to lead one

to an efficient method for testing the task through a series of

decisions about a task’s response characteristics.

Several troublesome areas had to be resolved in the course of

developing the model , even at a conceptual level. Since their

resolution led to assumptions underlying the development, it is

important that they be highlighted before presenting the model. The

major issues pertained to task heterogeneity , test simulation and

transfer effects, and stimulus—response dependence.

Task Heterogeneity. Job tasks must be treated generically in

studies such as this, otherwise one is faced with the inefficiency

of devising methods anew for each set of job tasks encountered. The

eventual availability of engineering specifications for developing

efficient tests depends largely on our success in identifying task

21
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categories to which test methods can be tailored . Unfortunately ,

job tasks are designed to serve system requirements , not psychologi-

cal taxonomies. They often consist of dissimilar sub—tasks or

elements which collectively are difficult to slot in a task classi-

fication system. The problem is two—sided. On the one hand , it is

difficult to place such a task in a single category of a classification

scheme without one or more of the parts seemingly misclassified; on

the other hand , if one partitions the task into elements and classi-

fies each , the usefulness of the system suffers since the notion of

task groups is lost. This problem was resolved , if not entirely elim-

inated, by suggesting that the most critical or difficult element of a

task be identified , classified, and a test method suitable to that

element be used in testing. “Critical” or “difficult  element” is

defined as that part of task performance which most often leads to

failure —— information obtainable from performance test results or

from the judgment of experienced job incumbents .

Task Simulation and Transfer. Simulation for training and

testing have different standards of effectiveness. Effective simu-

lation In training is evaluated in terms of minimizing time to learn

the criterion task; whereas, effective simulation in testing is

evaluated in terms of equivalence of performance , in a concurrent

validity sense, under actual and simulated conditions. Moreover,

there does not appear to be a unified set of principles which ties

together what Is known about transfer as a function of stimulus

and response similarity (e.g., Osgood , 1953) and the effects of

22



overlearning the initial task. The joint effects of these factors

are important to the design of effective test simulations. There is

evidence indicating that, in their effects on transfer, interaction

exists between task dissimilarity (initial versus criterion task)

and the extent of training on the initial task (Weitz and Alder, 1973).

This implies that there is an optImum point in Initial learning at

which a trainee should be transferred to the criterion task; otherwise,

over or underlearning may produce poorer t ransfer .  The implications

for testing are less clear. But in attempting to apply this hypo-

thesis to the design of test simulations, first we must reverse the

paradigm ; that is, think in terms of transfer from the criterion task

to the simulated task. Secondly , we must recognize that job incumbents

represent some distribution of skill, level of learning or mastery,

on a criterion task, and our objective is to predict each person ’s

skill level from his performance on a substitute or synthetic test

of that task. Now , if overlearning (mastery ) of a job task can inter-

fere with performance on a syn thetic test of that task , test media

must be selected very carefully. Simply put,an effective simulation

for training may not be effective for testing.

Stimulus—Response Interdependence. In considering a full

range of simulation alternatives to tests of task performance , one

is constrained by the interdependence of task stimulus and response.

That Is, it is not always sensible —— even if possible —— to vary

stimulus and response fidelity independently of one another. The

manipulative aspect of rifle disassembly , for example , cannot be

23
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mediated with a picture of the weapon. Similarly , the cognitive aspect

of a target selection task could be mediated by presentation of real

targets (vehicles, troops, bunkers , etc.), but it probably would not

be sensible to do so.

These issues, together with a task taxonomy and the barriers to

efficient tests described earlier, were the basic considerations in

developing the model.

THE MODEL

As shown in Figure 1, the model is designed to lead one to an

efficient method of testing performance on a task, through a series of

decisions about task characteristics. The underlying taxonomy of task

characteristics is a simple one. It is based on the assumption that a

task can be characterized in three dimensions:

One of three categories of behavior ——
cognItive, perceptual, psychomotor;

One of two skill levels —— high (requires
practice for mastery) or low (requires
little or no practice for mastery);

With or without a major affective or
motivational component.

The model attempts to be exhaustive in the sense of covering all prob-

lems identified as deterrents to efficient testing. Thus, the affec-

tive or motivational dimension has been included even though its poten-

tial for resolution through synthetic testing was discounted. Beyond

the following paragraph the report focuses exclusively on the lef t—

hand branch of the model where skilled aspects of task behavior are

charted into test methods.

One begins, as indicated at the top of the diagram, by determining
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FIGURE 1. Procedural mode’ for synthetic test development.
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if a task has a significant affective component. If it does, the ulti-

mate method of testing that task must be designed to accommoc1ate that

aspect of the task. In the case of performance under aversive conditions,

this means that an ethically acceptable but psychologically effective

simulation must be devised. Where the task requires an unalerted reaction

to an unpredictable stimulus, or the voluntary selection of one of several

competing response tendencies, the test method should be developed around

an unobtrusive set.

Regardless of the affective nature of a task, the degree and type of

skilled performance required must be evaluated. A task that is essen—

tialy cognitive presents the least problem from the standpoint of effi-

cient testing. Deciding, planning, evaluating, computing, and problem

solving are examples of behaviors that normally can be group—tested using

low fidelity stimulus simulation. The overt aspect of the response also

is well suited to the group mode , in that it usually consists of a simple

written or oral statement. If, however , a task involves perceptual or

psychomotor elements, an acceptable substitute to performance testing is

less straightforward.

Where perceptual and motor elements are judged to be of low skill ——

that is, where the task can be performed by an untrained person with nothing

more than procedural guidance —— one is led to the block in the model
which states, “Test knowledge of sequence, procedure, and outcome

using stimulus and response appropriate to verbal skills of examinees.”

The assumption is that ability to perform such tasks is almost entirely

a function of knowing what to do, when to do it, and when it has been

done correclty ; actual execution of the steps in performance being

within anyone’s capability. Of course, to prevent test bias, stimulus

26 



-

~~~~~

media and response modes must be selected with care.

Verbal skill or , for that matter , any media—specific ability unrelated

to task performance can spuriously ef fec t  test performance . If such

effects can be neutralized in the design of test methods, knowledge

testing offers an efficient means of evaluating performance on low—

skill procedural tasks .

Job tasks entailing skilled perceptual or psychomotor elements

must be treated differently . As indicated in the model, we must first

determIne If such a task can be meaningfully partitioned inL~ subtasks

or steps . If not —— if it is a highly integrated perceptual or motor

skill —— then task integrity should be preserved , and testing should

follow the tentative guidance given in one of the two remaining test

method blocks in the diagram. The important requirement in testing a

highly skilled perceptual task would seem to be high stimulus fidelity.

In the case of skilled psychomotor performance , It is the fidelity

of response—produced feedback stimuli that is critical if, as discussed

above, negative transfer effects are to be avoided.

Where a task can be parti t ione d sensibly into subtasks or steps ,

the most difficult part of the task should be identified and a test

method selected that is appropriate to that part . Three design

options are possible at this point : one would be to limit testing of

the task simply to a part—task test on the most difficult element ;

a second would be to test all task elements, but do so using the

method necessary for the most difficult one; and, finally , a mixed—

method approach could be taken in which the most difficult element

were tested using one method , and remaining parts of the task tested
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using another more efficient method. The option taken will depend

on the task and its particular mix of elements . The las t one men—
4

tioned, for instance, would seem well suited to lengthy procedural

tasks in which only one step is skilled. Here the most efficient

strategy migh t be to develop a part—task simulator to test per-

formance on the skilled element , th’en test performanc~~ on the rest

of the task In terms of knowledge ~of j rocedures .

Subtasks or steps that are time—shared are easily overlooked

in analyzing task performance. These should be partialled put and

viewed as skilled behavior for testing purposes. Since i’~~most

cases they will constitute the most difficult aspect of task perform-

ance, they should be so treated.

Evaluative Comment

In its present form the model is primitive. It does embrace

the three most problematic and interactive aspects of the task—test

domain : type of task, task element sampling, and test method . More-

over , the general framework seems useful as a way of codifying eventual

gui delines for the developmen t of synthetic tests . The rationale and

definitions underlying eacl~ of the decis ion points need further develop-

ment , and the method categories need expanding into hypothesized

procedures . Yet conceptual work can go only so far without empirical

data. Maturity of a synthetic approach to test development can be

brought about best by an interplay of conceptual and experImental

effor t . If nothing else , in its current stage the model offers a

number of interesting hypotheses.

a
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Hypotheses relating to synthetic test approaches for psychomotor

tasks seem especially important. The classification of tasks dis-

cussed in the first section of the report revealed that most liD

tasks involve things (equipment). And it is probably safe to specu-

late that many tasks in other combat arms MOS, if not in most Army

jobs, are similarly oriented toward equipment. These kinds of tasks,

moreover, are costly to test In the normal hands—on mode. Success of

the Army’s new Skill Qualification Testing Program for enlisted MOS

will hinge largely on its ability to test efficiently these “hands’on”

type tasks. Early experimental effort should therefore be devoted to

test approaches implied in the model for both low and high skill psycho—

motor tasks. Pilot experiments presented in the following section were

so designed , focussing on the paths leading to the second and fourth

Method blocks in the model.
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PILOT EXPERIMENTATION

Two parts of the preliminary model were selected for pilot

exploration : 1) knowledge testing of low—skill psychomotor tasks,

and 2) synthetIc testing of skilled psychomotor tasks. Experiments

carried out in these areas are described in this section of the

report .

LOW—SKILLED PROCEDURAL TASKS

A manual task relatively unrestrained by time and composed of

discrete steps , each of which can be performed with one or two

guided practice trials , is consIdered to be a low—skilled psycho—

motor task. In other words, the more manipulative practice required

for mastery, the more skilled the task. This is not to say that

such tasks require no learning, since knowledge must be acquired of

what steps to perform, with what result and in what order. The

critical feature of th is type of task , in fact , is that any skill

involved appears to be predominantly mental. If so, task pro-

ficiency can be measured validly in a knowledge testing mode , given

a test medium that is relatively neutral with respect to differences

in mental. ability .

Purpose

The purpose of this experiment was to assess four methods of

knowledge testing in terms of their relative and absolute correlation

with “hands—on” task proficiency for high versus low mental ability Ss.

30
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The following research questions were of specific interest:

Do the four types of knowledge test
correlate with task mastery?

Do the types of test differ with
respect to how well they distinguish
masters from nonniasters?

Do the types of test distinguish
masters from nonmasters equally well
for high and low mental ability levels?

Do the types of test tend to produce
the same kinds of errors in predicting
task mastery?

Method

Test Development. Tests were developed for three tasks:

Installation of the Field Telephone (TEL), Setting up a Mechanical

Ambush with the Claymore (AMB) , and Disassembling the N—16 Rifle

(RIF). The first two are clearly low—skilled tasks. Rifle dis-

assembly , however, would be classified more accurately as moderately

skilled , since some of the steps entail manipulations that are not

easily mastered in one or two trials . Each task was analy zed into

steps which were the referents for all test items . In addition to

a performance (hands—on ) test , four versions of a knowledge test

we re developed for each task . One version was a con ventional multiple—

choice test. The other three employed pictures in an effort to mini-

mize literacy demands, but used different methods of eliciting task

knowledge . A description of the four tests follows.

Written Choice (WC ). This is a standard
multiple—choice test consisting of one
question for each step in the task.
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A question focused on recognition of
how a step is performed , when It Is
performed , or what its correct outcome
Is. Alternative answers to a question
were limited to realistic options ;
unrealistic distractors were avoided.
The test was scored by giving one
poInt for each correct answer; seven
was the maximum possible score for
the TEL and AMB tasks, and eight
the maximum for RIF.

Picture Choice (PC). This method
Included the same questions as the
Written Choice, but photographs were
used in place of the printed word in
presenting answer alternatives. The
possible points and scoring procedure
were the same as for WC.

Picture Outcome (P0). In this method a
photograph of the result of an improperly
performed task was presented. Ss were
instructed to inspect the picture and
circle any errors. This type of test
focuses on recognition of correct task
outcome only . Test score was based on
one point for each error circled , minus
one point for each non—error circled .
Total score was not allowed to go below
zero. The possible range of scores was
f rom 0 to 4 for TEL and RIF , and 0 to 3
for NIB.

Picture Sort (PS). Photographs of steps
in task performance , including both cor-
rectly and incorrectly executed steps ,
were used in this test method . The pic-
tures were scrambled and presented to S
with instructions to select the correct
steps and place them In the order they
should be performed. This method was
considered to be the most comprehensive
in its coverage of task knowledge; what
steps to perform, and how and when to
perform them are required knowledge.
The method relies on recognition, as do
the others, but all task elements are
tapped and the guessing factor is mini-
mized. Scoring was based on the award
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of one point for each picture or group
of pictures representing a correct step
performed in proper sequence. If two
correct steps were in improper order ,
credit was withheld for the first step.
Steps were judged to be Improperly
sequenced only if it were impossible
or hazardous to perform them in that
order. Maximum possible score was
seven for TEL, and eight for AMB and
RIF.

A complete set of tests, including the scoresheet for the performance

test, on the telephone installation task is provided as an example in

Appendix B.

It should be pointed out —— particularly to the reader who may
be interested in adapting these test methods to other tasks —— that

slight variation in test methods may be required by certain task

characteristics. Three such characteristics surfaced during our test

development efforts. The first pertained to complexity of steps in

task performance, where complexity refers to the number of sub—steps,

or closely associated manipulations, required to perform part of the

task. For example, in clearing the rifle seven substeps are performed ——
pull charging handle, press bolt latch, engage bolt latch, return

charging handle to forward position, inspect receiver, place selector

lever in SAFE, depress bolt latch. That seven—part step is harder to

capture pictorally than a simple step like setting the circuit selec-

tor switch on the f ield telephone. Full performance of a simple step

can be represented easily in one photograph; full performance of a

complex step usually requires several photographs to represent the

actions. In an effort to keep the alternatives as simple as possible
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on the PC test for rifle disassembly , the first item addressed only

the last part of the step. Even then the alternatives required more

than one photograph (Appendix C). That item is the only exception to

the rule tentatively applied in preparing the PC tests —— represent a

step with one photograph.

The second characteristic that precluded uniform application of

test development rules pertained to the spatial relationship among

equipment components. An important decision when preparing the P0

tests was to select a camera view that showed enough detail of each

component and enough of the relationship among the components for

examinees to evaluate the task product. For most “thing—oriented”

tasks, this decision is uncomplicated . Usually the equipment is

compact enough that a photograph of the equipment will show the loca -

tion and detail of each relevant component. However, a detailed P0

for the mechanical ambush could not be captured in a single photo—

graph since task product consisted of widely separated components.

The first attempt to show the product consisted of a schematic of

the layout with close—up photographs of each component. Since pre-

liminary tryouts of the test indicated that examinees still had diffi-

culty maintaining perspectjve of the layout, the picture was revised.

A wide—view photograph of the layout was used for the background , and

blow—up photographs of individual components were attached (Appendix D).

A third characteristic was revealed during development of the

WC tests. All knowledge —— especially nomenclature —— considered

irrelevant to task performance was judiciously excluded from test
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content. Yet in a written mode it is difficult to ask questions about

task procedures without using nomenclature. Equipment components

for the TEL and AMB tasks were referred to in terms familiar to most

soldiers, but rifle parts were not. This problem was resolved by

giving each examinee a labelled picture of the rifle for reference.

These variations in test method are not considered preemptive to the

design of this research. They do, however, represent the kinds of

issues that will temper ultimate procedures for synthetic test develop-

ment.

Subjects. Thirty—seven soldiers from units at Fort Knox were

tested. They were chiefly from combat arms MOSs and ranged in grade

from E—2 to E—6. For the purpose of study design, Ss were in two

mental ability (MA) groups: GT over 110 (high MA), and GT under 90

(low MA) 1. Twenty Ss were in the high MA group and 17 were in the low.

Procedure. On arrival at the test site, the project was explained

briefly to Ss. What was said to them took the following general form:

We are working on a project to evaluate sev-
eral different methods of testing. You
will take a hands—on test for three tasks.
Then you will take four other kinds of tests
for each task. After the test we will ask
your opinion of it. This is not an MOS test,
so there is no reason for you to be nervous.
But the project Is very important so, of
course, we expect you to do as well as you
can on every test.

‘The CT (General—Technical) is a combInation of scores on a
verbal and a quantitative aptitude test. It is considered to be
the best indicator of general mental ability in the Army Classi—
fication Test Battery.
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All testing was done individually and began with administration

of the hands—on test. At this point some Ss received training on the

task before goIng on to the knowledge tests. This was done to control

the range of task mastery within the two MA groups. The intention

was to create a rectangular distribution of mastery, with approximately

a third of each MA group being wholly unqualified on a task, a third

being partially qualified, and a third full masters. This approach

worked well at the full mastery level since only one S could perform

a task (TEL) without further training. Thus , 7 masters were created

in each MA group by training them to pass the three hands—on tests.

The approach did not work as well within the nonmastery ran ge since

most Ss could perform a few steps in the TEL and RIF tasks; only

with the AMB task were any Ss trained to partial mastery.

Once an S had completed the hands—on test for a task , he was given

the four knowledge tests successively. The order of test administra-

tion was counterbalanced over Ss and , with exception of the three

additional high—MA Ss, the orders were the same for both MA groups.

In addition to test performance, Sn were asked their opinions of

the methods. Two questions were asked after each test:

“Do you think this test is a good way to find
out if a soldier can (task statement)?” A five—
point response scale was used , rangIng from ,
“not good at all” to “very good .”

“Do you think your performance on this test
gives a fair picture of your ability to
(task statemen~~ ?” This question was answered
“yes” or “no. ’
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After an S had taken all tests for a given task, he was asked to rank

them from 1 to S with respect to the first question above. Also,

after  testing was completed on all tasks, he was asked to rank the

five test methods overall.

Scores on the 15 tests —— one hands—on and four knowledge tests

for each of three tasks —— and Ss ratings comprised the data to be

analyzed .

Results

Continuous score correlations between knowledge test and hands—

on performance for the three tasks are shown in Table 2 for the two

levels of mental ability and for the total sample. With few excep-

tions the correlations are both statistically and practically signifi-

cant. They are uniformly higher, regardless of test method, for

the TEL and AMB tasks than for RIF, indicating that rifle disassembly

is somehow different from the other tasks; a difference attributable

perhaps to a more skilled motor component.

Comparison by type of knowledge test, for the total sample and

for total performance on the three tasks, indicates that the Written

Choi ce , Picture Choice and Ficture Outcome correlate equally well

(.83, .80, and .84 respectively) with hands—on performance. The

Picture Sort method yields a somewhat smaller overall relationship

(.58), although the reduction is attributable to the near—zero

correlation for the REF task. The trend toward higher correlations

f or total score than for task scores relects a tendency for inter— 
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correlations among tasks to be lower for a knowledge test than for

the hands—on criterion . (2)

Further analyses of the effectiveness of the different know-

ledge tests to distinguish mas ters from nonmas ters , both within and

between levels of mental ability, were carried out by analysIs—of—

vari ance . This is a reasonable way to examine the data , since mas tery

level was more of a manipulated “treatment” effect  than a natural

variate. Knowledge test performance, summed over tasks, of masters

and nonmasters by mental  abIlity level is shown In Table 3. All test

methods did not h ave the same scale of measurement , so an ANOV

(Winer, 1962) was performed on each method. Results of the four

unweighted me ans ANOV are summarized in Table 4 and shown graphically

in Figure 2. A clear and substantial maIn effect is revealed for

mastery level, which merely represents the high correlations between

knowledge test and task performance already mentioned . The size of

this main effect for Picture Outcome relative to other test methods

is worthy of note. The graphs in Figure 2 indicate that masters tend

to average about five points higher than non masters on all tests , even

though the potential range of performance on P0 is on ly half that of

the other tests. This would imply that a longer test would produce

greater improvement in discrimination between masters and nonmas tern

for P0 than for the other methods.

~
2
~The reader will recall that , by design , the same people were

masters on all tasks (had maximum criterion scores) although non—
masters varied in degree of nonmastery from task to task.
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TABLE 3

KNOWLEDGE TEST PERFORMANCE (MEANS AND STANDARD DEVIATIONS)
OF MASTERS AND NONMASTERS BY TEST METHOD AND MENTAL ABILITY LEVEL

• TEST METHOD
MASTERY MENTAL WRITTEN PICTURE PICTURE PICTURE
LEVEL ABILITY CHOICE CHOICE OUTCOME SORT

MASTERS RICH ~ 18.71 20.28 10.29 18.71

s 2.98 1.60 .76 3.25

N 7 7 7 7

LOW ~ 17.86 19.29 10.14 17.57

1.95 2.10 1.21 3.41

N 7 7 7 7

NONMASTERS HIGH ~~
‘ 13.69 15.00 6.38 15.15

2.56 2.80 1.61 4.56

N 13 13 13 13

LOW X 11.30 13.60 5.00 12.00

1.83 2.59 1.41 3.06

N 10 10 10 10
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TABLE 4

ANOV SUMMARIES OF THE EFFECTS OF TASK MASTERY (M)
AND MENTAL ABILITY (A) ON KNOWLEDGE TEST PERFORMANCE

TEST METHOD SOURCE SS df MS F

WRITTEN CHOICE M 289.853 1 289.853 46.1O~”
A 22.691 1 22.691 3.61

M x A 5.126 1 5.126 .82
Error 207.466 33 6.287

PICTURE CHOICE 1? 260.120 1 260.120 43.73~~
A 12.357 1 12.357 2.08

M x A  .364 1 .364 .06
Error 196.273 33 5.948

PICTURE OUTCOME N 177.034 1 177.034 95.38*~
A 5.060 1 5.060 2.73

M x A 3.271 1 3.271 1.76
Error 61.2483 33 1.856

PICTURE SORT M 180.178 1 180.178 12.73’~
A 39,781 1 39.781 2.81

M x A 8.733 1 8.733 .62
Error 466.939 33 14.150

*,I p <.01

I,-
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Performance on the knowledge tests tended to be lower for low

mental ability Sn than for high, as indicated by the slope of the

curves in Figure 2. The difference is small, and in fact not statis—

ticaily reliable according to the separate A~OVs. However, when

performance was converted to standard scores within test method and

aggregated over methods , the mental ability factor Is marginally

significant (p > .05). Moreover, the difference appears to be rela-

tively constant over test methods (Figure 3), suggesting that no

one method is superior in neutralizing mental ability differences .

One of the more interesting features of the data (Figure 2) is

the trend, however slight, toward a larger difference between masters

and noninasters in the low NA group. This indicates a slightly higher

correlation between knowledge test and task performance for low mental

ability Sn , a tendency also observed in Table 2 where for 9 of the 12

method/task combInations the correlation with mastery was hi gher within

the low mental ability group. Note that this is not a statistically reliable

phenomeno:1, but it suggests an interesting hypothesis: knowledge based

tests predict task performance better among people of moderate to low

mental ability than among those of high mental ability.

Validity in a strict correlational sense does not tell the whole

story, however. The type ‘f prediction or classification error is of

practical interest. By converting knowledge test performance to pass—

f all scores and arraying them against the master—nonmaster criterion ,

four—fold tables were generated from which the incidence of false

negative (masters who failed the test) and false—positive (nonmasters
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FIGURE 3. Mean standard score performance of high
and low mental ability (MA) groups for
the four knowledge test methods.
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who passed the test) classification errors were determined. The

correlation and amount of classification error, of course , depend

on the standard used in scoring pass—fail. Classification error

was tabulated for a standard of full mastery on the knowledge test

(pass = all items right) and again for a standard of part mas tery

(pass = no more than one item wrong). The results are shown in

Table 5 for high and low mental ability groups and for the total

sample . With exception of the Picture Outcome method , classifica-

tion error is somewhat less using the more liberal part mastery

criterion on the knowledge tests. Total error tended to run about

25% on the average, reaching a low of 16% for the Picture Choice

method with the criterion of part mastery. Of particular interest

is the distribution of total error between false—positive and false—

negative categories. As the standard for passing a predictor

measure is relaxed , the number of false—positives generally increases.

The optimal ratio of the two types of error Is a moot point, and

will depend largely on how test scores are to be used. But if test

fairness is the goal, then minimizing the number of false—negatives

should be the objective . The relative number of false—negatives,

moreover, should be the same for groups differing in mental ability

(or any other ability correlated with test score but unrelated to

criterion performance). Comparing high and low MA groups we find a

small but consistant tendency toward more false—positives among the

high MA’s, and more false—negatives among the low. This trend was

evaluated by Chi-square analysis of the difference in type of
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TABLE 5
AVERAGEa PERCENT CLASSIFICATION ERROR AS A FUNCTION
OF KNOWLEDGE TEST METHOD AND LEVEL OF MENTAL ABILITY

KNOWLEDGE TEST METHOD

MENTAL WC PC PU 
bTEST ABILITY CLASSIFICATION ERROR

STANDARD GROUP FN FP TOT I FN FP TOT I FN FP TOT I FN FP TOT
FULL HIGH 18 05 23 13 07 20 05 15 20 23 03 26
MASTERY LOW 27 02 29 25 04 29 16 08 24 33 00 33

TOTAL 22 04 26 19 05 24 10 12 22 28 02 30

PART HIGH 07 13 20 02 13 15 00 32 32 15 17 32
MASTERY LOW 18 02 20 08 10 18 04 20 24 22 02 24

TOTAL 12 08 20 04 12 16 02 26 28 18 10 28

a Averaged over the three tasks.

b FI~ = False Negatives (masters who failed knowledge teat)
PP = False Positives (non-maaters who passed knowledge te8t)
TOT = Total Classification Error

TABLE 6

CIII SQUARE OF THE DIFFERENCE IN
TYPE OF CLASSIFICATIO N ERROR BETWEEN

HIGH AND LOW MENTAL ABILITY GROUPS
BY TEST STANDARD AND TEST METHOD

~~~~~ARD KNOWLEDGE TEST METHOD
___________ 

Wc PC P0 PS

MASTERY 1.33 1.54 4.l9~ 2.26

MASTERY 7.22k’ 2.49
_ 

3.38k 6.30*

*
p <.10
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1

classification error between high and low MA groups, and is shown in

Table 6 by test method for each standard of test “mastery.” Observed

Chi-squares were tested at the 107. level of significance, which pro-

vides for a conservative decision with respect to accepting the null

hypothesis of no difference between groups in distribution of classi-

fication error. Type ~~~ . classification error produced by the know-

ledge tests does appear to interact with mental ability. Although

the number of cases underlying the analysis are too few to warrant

firm conclusion , indications are that if one were interested in

minimizing the incidence of false—negatives (i.e., the part mastery

standard) , the Picture Choice method produces the most equitable

results for both mental ab i l i ty  groups .

Personal Preferences for Test Methods. Ss’ opinions of the test

methods were solicited after each test was administered and again when

all testing was concluded. Responses at the two points in time were

similar, so only the final ratings are reported here. Ss were asked

to rank the five methods (including the hands—on criterion test)

from highest to lowest in terms of the question , “Do you think this

test is a good way to find out if a soldier can ... (e.g., set up a
mechanical ambush with a Clayinore?”) Rankings were done separately

for each task. Overall mean preference was highest for the hands—

on method of performance testing, as might be expected (Tables 7 & 8).

Differences in preference for the four methods of knowledge testing

were less pronounced , although the Picture Choice consistently received

higher average ranking regardless of the referent task or rating

47
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MEAN ORDER OF PREFERENCE a BY TASK FOR
THE HANDS-ON AND KNOWLEDGE TEST METHODS

I TEST METHOD
TASK HANDS-ON WC PC P0 PS

I TEL 1.14 3.92 3.03 3.58 3.33

AMB 1.25 3.78 2.94 3.72 3.31

RIF 1.08 3.67 3.14 3.47 3.64

I
a The lower the number the higher the preference .

f TABLE 8

MEAN ORDER OF PREFERENCE BY SUBGROUP
FOR THE HANDS-ON AND KNOWLEDGE TEST METHODS

r TEST METHOD
L SUBGROUP HANDS—ON WC PC PU PS

MASTERS 1.00 3.85 3.08 3.38 3.69

MASTERS 1.30 3.83 2.65 3.87 3.35

HIGH MA 1.35 4.10 2.65 3.10 3.20

LOW MA 1.06 3.50 3.00 3.69 3.81

TOTAL 1.19 3.83 2.81 3.69 3.47
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I
subgroup. Overall, the hands—on method was first , Picture Choice

second , Picture Sort third , Picture Outcome fourth , and Written

Choice last in average order of preference.

Discussion

A number of interesting though tentative findings emerged

from this study . The small sample of people and tasks certainly

limits generality of the results, and the following interpretation

and conclusions should be so tempered.

The data strongly support the hypothesis that performance on

low—skill procedural tasks is mediated by knowledge . Correlations

between task knowledge and task performance were high, particularly

for the two procedural tasks with the lowest skill requirements.

The correlations reached as high as .75 in spite of the fact that

the ran ge of possible test performance seldom exceeded seven points.

When performance was aggregated over tasks , the correlations tended

to be more on the order of .80.

Substantial differences among methods of knowledge testing were

not found. The conventional written multiple—choice test did essen-

tially as well as the pictorially based methods in distinguishing

masters from nonmasters. (In this connection, however , it should be

noted that test questions were carefully directed at steps necessary

in task performance , and did not include those marginally relevant

knowledge items often found on such tests.) Failure of the Pict~ure

Sort tests to correlate higher with performance was an unexpected

49
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result. This method was designed to tap more fully all knowledge

aspects of task performance , including recognition of the steps,

their correct outcome , and sequence. In so doing, however, it may

well have become the most demanding test technique from the stand-

point of method—specific mediation requirements; that is , the examinee

must first analyze what he does in performing the task, and then

synthesize it a step at a time by sorting through a large number of

pictures more or less representa’-ive of his mental images of the

task. That kind of abstract manipulation probably taxes the intel-

lectual and visualization abilities more than we originally antici-

pated. In support of this speculation , there was some indication

that Ss in the low mental ability group had more trouble with this

test method than with others (Figure 2 ). The written and pictorial

multiple—choice tests , though more dependent on literacy, represent

a culturally familiar method. The Picture Outcome method appears

to be the simplest in the sense of minimizing both literacy and

method—specific mediational demands , and is certain ly worthy of

further study and developmen t as an efficient method of knowledge

testing.

Correlations between knowledge and performance were not sig—

nifican tly different for high versus low mental ability Ss. Yet there

was a slight but noticeable trend toward larger correlations within

the low mental ability group. The possibility that knowledge mea—

sures —— including the standard multiple—choice test —— are better

predictors of task mastery for those of below average mental ability

I
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is intriguing. If true, we need to reevaluate the popular notion

that knowledge tests of manual performance are unfair to those less

apt in the academic skills of reading, writing and symbol manipu—

lation. The notion is probably valid , but it may be so for reasons

quite different than normally offered. Knowledge tests apparently

are good predictors of performance on low—skill procedural tasks among

people of low to moderate mental ability. The unfairness lies not in

the inability of this group to use a knowledge testing medium, but in

the tendency of brighter people to over use it. The hypothesis here J
is that some minimum level of ability, whether innate or acquired, is 4
necessary to handle the symbolic and semantic demands of a knowledge

test; but beyond that level, correlated factors such as test—wiseness

T begin to moderate the true relationship between task knowledge and

performance. Two additional features of the data tend to support this

speculation: a) higher average knowledge test scores for the high

mental ability group, and b) relatively more false—positive errors in

predicting mastery among this group.

If one were urged to recommend, on the basis of this study, a method

of testing knowledge on low—skill procedural tasks, the Picture Choice

would probably have to be named. The data are certainly not conclus—

lye, but this method came the closest to meeting the overall validity

criteria: it demonstrated a high correlation with hands—on task per-

formance; the correlation was relatively constant over the range of

mental ability; and, the distributions of cl*ssification error were

more nearly proportional for the two levels of mental ability. More—

over, the Picture Choice method was second only to the hands—on test

in exaninee preference.
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I
SKILLED MOTOR TASKS

Tasks involving skilled manual responses present a special 
-

challenge to synthetic testing. Short of full task enactment in a

realistic setting and with actual equipment, what options are availa—

ble? Knowledge tests can safely be ruled out since acquisition of

fine—grained motor responses does not take place at the cognitive

level. At intermediate or low lewis of skill acquisition task

knowledge may correlate with performance, but it is most likely a

poor gauge at the mastery or near—mastery level.

Potential difficulties associated with task simulations in

testing have been discussed. It seems reasonable to expect negative

transfer from task performance to tes t performance when masters or

near—mas ters are tested with anything short of high fidelity sinula—

tions. Because of this, good quality simulation of response media ——

especially of response—produced feedback stimuli —— is recommended
for synthetic tests of skillect motor behavior . The problem with

this recommendation is that little gain in testing efficiency can

be expected if the fidelity requirement is extreme. In weapon

firing, for example, if the interaction between the “feel” of the

weapon , the disch arge of the round , and target reaction must be simu-

lated with near maximum fidelity in order to achieve test validity,

then it is unlikely that much is to be gained in economy over testing

on a live—fire range. Some feedback characteristics would have to be

substantially degraded before much testing economy would be realized.

On the other hand , if certain characteristics can be degraded without

_ _ _  ~~~~~.



effectively changing the task (and thereby inducing negative transfer) ,

testing could be done less expensively . What aspects of the feedback

stimulus complex can be inexpensively simulated in valid tests of

motor skills is an experimental question .

Another approach to synthetic testing of motor skills, not

reflected in the preliminary model , is worthy of exploration. It

is based on two assumptions: a) in any motor skill there is at

least one key response feature that distinguishes masters from non—

masters; and, b) in eliciting even a facsimile of that feature

through part—task simulation , the response of a master will differ

generically from that of a nonmaster. The important implication of

this hypothesis , if true, is that low level simulations may be

effectively used as test media, since the elicited response need

not be the same as that in actual task performanLd ; it is only

necessary that the test response reliably characterize task masters

as opposed to nonmasters .

Three small demonstration studies were designed to explore

these assumptions. Apparatus problems prevented completion of one

of them, but its methodology seemed worthy of description .

Study I

The first study attempted to demonstrate the effectiveness of a

synthetic test method in which aspects of the feedback complex were

degraded. The task was aim—firing the 45 caliber pistol. With

exception of the round explosion which was not simulated, intra—
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I
task feedback (weapon “feel”) was maintained at maximum fidelity

by using an actual weapon. External feedback, target reaction, was

simulated at a low level. Ambient stimuli were totally excluded

from the simulation.

The method involved “firing” the pistol at a scaled—down paper

target approximately two inches from the end of the barrel) The

target , a 3” x 5” card , with a one millimeter dot as an aim point ,

was mounted on the wall at shoulder level. An ordinary sharp pencil ,

taped to fit the bore and inserted eraser—first into the barrel,

served as the “round.” When fired from a distance of about 1” the

pencil was driven by the firing pin to the target, leaving a mark

on impact.

Six Ss , all members of the research staff, participated in the

experiment. Three were ex—Army officers, each of whom had several

years ’ experience firing the .45 pistol. The other 3 Ss were con—

sidered inexperienced; two had no experience with the weap on , and

— the other had once fired it for f amiliarization . E ach S completed

-* six trials on the synthetic test. A trial consisted of a group of

three “rounds” fired at one aim point. The three—shot cluster was

scored by measuring and summing distances between the hit points.

These totals were averaged over the six trials and are shown in Table

9. Means for the experienced shooters were uniformly lower than for

inexperienced, the group means being respectively 6.2 mm and 10.5mm.

1This method is used occasionally in the military as a field—
expedient training technique.
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I
I TABLE 9

I 

SCORESa FOR EXPERIENCED AND INEXPERIENCED
SHOOTERS ON A SYNTHETIC TEST OF PISTOL

MAR KSMANSH I P

I 
_______________________________________________ ________________________________________________

r EXPERIENCED INEXPERIEN CED

L S 1 2 3 TOTAL 4 5 6 TOTAL
- 

X 4.96 6.67 7.01 6.21 9.42 14.0 8.18 10.53

a 4.04 2.94 1.67 1.09 4.05 6.62 3.92 3.06

aDistance in mm between rounds in a three—shot group
average over six trials

Although scores differed in the expected direction, the differences

were not eva].uated statistically , since the N was small and the study

• rather informal. Moreover, to validate the test method properly ,

• it would be necessary to replicate the study on true masters (men

who had recently fired “Expert.” “Sharpshooter” or “Marksman” on
- 

their annual qualification) versus experienced nonmasters (those who

.. 
scored “Unqualified”). In spite of these shortcomings the results are

er :ouraging. It may well be possible to test this type of tracking

skill validly with substantial reduction in external feedback fidelity.

Study II

The intention in this study was to determine whether a pattern

of response or “signature” distinguishing masters from nonmasters

could be identified for a motor skill. The referrent task again was

pistol firing, and the response feature of interest was barrel
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I
movement in aiming. A skilled shooter’s hand may not be steadier

than that of the less skilled. Possibly the two differ only in how

they cope with the unsteadiness. Rather than fighting involuntary

hand movement, the skilled marksman may direct it in a controlled

pattern and time trigger squeeze accordingly . In either case ,

whether less movement or a patterned movement , some type of signa-

ture should emerge , and it should be detectable at a low level of

simulation.

To explore this possibility a simple simulator was constructed.

The apparatus consisted of a dowel rod cantilevered through a heavy

rubber diaphram which was mounted over a hole in a board . The barrel

of a mock or real pistol could be attached to the front end of rod,

and a marking pen to the other. The pen tracked barrel motion on a

moving strip of paper as one sighted on a target just above the hole.

The apparatus, unfortunately,  did not work out. Barrel movement was

not sufficiently amplified in the recording to be useable. Hope-

f ully, some other simple app roach can be foun d that will not involve

sophisticated mechanical or electronic hardware, since potential

efficiency of the method seems so important.

Study 111

The possibility of a characteristic part—task response that

distinguishes masters from nonmasters can be carried even further

down the simulation scale. Although the notion of testing knowledge

about skilled performance has been rejected, it is possible that
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cognitively mediated aspects of a motor skill can be identified ,

measured , and validated against performance. Sizeable gains in

testing efficiency could be realized if this were the case.

A brief test of this possibility was carried out using the

task of typing. Three “master ” typists (greater than 50 words per

minute) and 3 nonmasters (less than 30 words per minute) were tested

on their ability to call out the hand sequence (e.g., “left, right ,

right, left,.. .“) used in typing a given word. Fourteen 5 letter

words of 1 or 2 syllables were individually printed on flash cards.

Each S was given five practice trials to become familiar with the

task , before responding to the 14 item test. Time and errors were

— recorded for each trial.

Masters averaged an error on 2 of the 14 words, and nonmasters on

4.3 of 14. Overall , errors were too few to warrant analysis. Mean

time scores are shown in Table 10. The group means differed in the

TABLE 10

MEAN TIME SCORES (SEC.) FOR MASTERS AND
NONMASTERS IN REPORTING HAND SEQUENCE

FOR TYPING WORDS

MASTERS NONMASTERS

S 1 2 3 TOTAL 4 5 6 TOTAL

1 4.6 3.7 3.2 3.9 10.1 7.4 4.3 7.2

8 1.2 4.0

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



I
I expected direction, but were not significant. Though statistical sig—

I nificance could probably be attained with a larger sample, practical

significance might remain questionable since one of the nonmasters did

I better on the test than one of the masters; had a mastery standard

been established for the synthetic test, at least one classification

I error would have resulted. It is interesting to speculate here about

the possibility of negative transfer inhibiting performance of master

typists on such a test. In the advanced stages of typing skill develop—

ment, individual letters lose their distinction and the typist begins

to type whole words. Once this higher level of skill is automatized ,

it may be difficult for a typist to disintegrate quickly the hand or

— finger sequence used in typing individual letters of a word . This is

a good example , perhaps , of how skilled task performance can actually

interfere with performance on a synthetic test.

Though short on substance, these final studies point to a feature

-
~~ of tests not formerly included in the definition of efficiency:

fairness of test medium. A synthetic test must be feasible and valid;

-. high correlation with performance is an imperative. But test developers

must also guard against the bias in errors of prediction that inter-

active effects of ability and media can produce. Paper and pencil,

- 
symbolic displays, verbalization , apparatus —— any medium used synthet-

ically — — can inf late or inhibit the performance from which one wishes

to generalize. Fairness is achieved through media that do not favor

H abilities unnecessary for task performance. Identifying such neutral

media may be the most subtle and challenging mission of synthetic

testing research.

I
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APPENDIX A

I TESTING PROBLEMS IDENTIFIED FOR A SAMPLE
OF 100 RECONNAISSANCE SPECIALIST JOB TASKS

I
I
I
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TESTING Pi~OBLE~-IS IDENTI FIED FOR A SAMPLE
OF 100 RECONNAISSANCE SPECIALIST JOB TASKS

I
TASK CONDITIONS TASK BEHAVIOR

U)
U)

IJ r-4
C) U) 0 ~-l

~~~~~~~ 0 ~.I ~~~CtI ~~ ~~~Cl) ~-4
~4 f~. C ~~~O $tX~ ~~ O n  H Pi ~—1 U)
0~~~~r4~~ - 1 u  Ii < I-l~~~~. Z U) ~~~ 0
n~ ~i ) ~~~-~ (~ 1-4 ~. i w  L~1 ~~ ~~~ 0 ~ia 0 W  Z s4 i~~d H Z < 0ThS~ o~~~x~~-~~~ < <~~~n~~ -

~~ 0 ~~~~

1. Navigate from one point on the
ground to another using a
strip map X X X  X X

2. Give CBR alarm X X X
3. Put on protective mask X
4. Maintain the gas particulate

unit of a command and recon-
naissance carrier (M114A].) X X. X

5. Evaluate terrain using an
aerial, photo as a supplement
to a topographic map/pictomap..

6. Determine the scale of an
aerial photograph 

7. Plan use of available training
time 

8. Evaluate training test results.-
9. Assist/prepare facilities for

inspection X X X
10. Perform the duties of a member

of an interior guard X X X X X
11. Plan escape as a PW X X X
12. Identify enemy vehicles and

equipment X X
13. Process captured documents

and materials 
14. Maintain light discipline to

reduce the danger of detection. X
15. Maintain fire discipline to

reduce the danger of detection. X
16. Install field telephones X X
17. Cotmtiunicate information over

tactical wire and FM radio nets X X -

18. Leave radio communications net X x
19. Apply low—level anti—jamming

procedure X X X
20. Install hot loop wire communi—

L I cation X
21. Prepare written messages 
22. Camouflage weapons X X X

Continued
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TESTING PROI3LE~-iS IDENT IFIED FOR A SA~ll’LE
OF 100 RECONNAISSANCE SPECIALIST JOB TASKS

I
_ _ _ _ _ _  

_  _ _ _  _ _ _- ____ TASK CONDITIONS TASK BEHAVIOR

U)
U,

1-) r4

~ C) U) 0 H
0 Z

~~ -~-I~~~ 0 ~~~ ~~~~~~~ ~~ N d )  P-I
N O . c~~~O n~ r~ O r-I El Pi P-l u) H
0 . - 4 1 0 )  N ~~~~~ 0

TASK

1 23. Enforce camouflage discipline.. X
24. Construct bunkers X X
25. Perform preventive maintenance

on fuel stoves & lanterns X X x
26. Perform operator’s checks &

services on generator sets X X X
27. Service an M16A1 rifle magazine X X
28. Conduct MI6A1 rifle marksman-

ship training X X X - X X
29. Engage a target during periods

of limited visibility with an
M16A1 X X X X

30. Apply immediate action to re-
duce a stoppage in an N203
grenade launcher X X X X X

31. Disassemble/assemble an N79
grenade launcher X X

32. Adjust fire of an N79 grenade
launcher X X  X

33. Correct malfunctions in an M60
machinegun X X

34. Service the M2HBTT machinegun X X X
35. Engage targets with the M2HBTT

machinegirn mounted in an 11114 X X X x
36. Assist men in handling natural

fears in avoiding panic x X x x x
37. Receive and orient newly

assigned unit personnel x x
38. Prepare enlisted efficiency -

reports 
39. Investigate complaints X X X
40. Counter disruptive influences

and acts X X X X
41. Encourage others to enlist in

the Arm y X X X X
42. Respond to ground guide signals

while driving a tracked vehicle X X X
43. Engage a target with an N60

machinegun using an AN/PVS—2 X X X x
Continued
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TESTIN G PR0I~LENS i DENTIFIED FOR A SAMPLE
OF 100 RE CONNAISSANCL~ SPECIALIST JOB TASKS

- - -~~~~~~~— - -
.

TASK CONDITIONS TASK BEHAVIOR

TASK O NE4 Pi ~~~~ U) I~ ~~ ~ H~~ ~~

44. Mount/dismount AN/PVS—2 scope
to caliber .50 machinegun X

45. Store cleaned AN/PAS—6 X X
46. Store/carry AN/PVS—2 X X
47. Select explosives appropriate

to mission 
48. Prepare a shaped charge for

detonation X X
49. Destroy a mine in place X X X -

50. Disassemble mine detector
ANPRS—7 X X

51. Construct a double apron fence X X X X X
52. Breech a mine field X X X X X
53. Lead a security patrol X X X X X
54. Determine the enemy’s strength

and disposition X X
55. Supervise a route reconnaissancl X X X X X X
56. Restore M72A2 law to carrying

conf iguration X X X X
57. Adjust indirect fire using

creeping method X X X X
58. Traverse terrain dismounted in

a tactical situation X X X X X
59. Coordinate unit defense plans

with adjacent units X
60. Take passive measures to pre-

vent detection by enemy aircraft X X x x
61. Clear fields of fire X X X
62. Perform quartering party

functions X X X  X X
63. Conduct administrative movement X X X X X
64. Reconnnend allocation of animnuni—

• I F tion and equipment 
65. Inspect training X X X X
66. Recommend personnel for

promotion X X X  X X
67. Operate portable generators x x- - 68. Conceal activity/location with

smoke grenades X X X

- 

H Continued

64 
_______

— • - - - - -- - -•-~~~~~~~~~~•~~~~~~~~~~ .~~~~~~_• • -~~~~ - . • • • • •~~~ •~~~~~~~~~~~~_



- -

TESTING PROBLEN S IDENTIFIED FOR A SAI a’LE
OF 100 RECONNAISSANCE SPECIALIST JOB TASKS

I
I —~ - —  —~~~-—

_____ TASK CONDITIONS TASK BEHAVIOR

I hl)
U,
N

C) U) 0
C)~~~~~ ç~ N 0 .~~t E ’d c 0 ,-~ ~~~CC I-I

I N ~) . C ~~ o ~~ P~ 0 .-I El P-i H u)  El
I 0 rI I4~~~ N < ~~~ Q. ~~ tO N  0

~4 ~~~ I.i~~~i d~ i-i i-i u N () Z O  N
< c~~W C )  Z P~ ~~~~ H Z < 0  r~TASK O N H P I  < < U ) C~ < 0 ~~~~~~

T 
U) s-~ ~~ E 4 P i

I .t. 69. Receipt ammunition X X
70. Emplace/recover expedient

early warning devices X X
71. Plan/coordinate employment of

expedient early warning devices X X X X
72. Avoid contact with poisonous

plants X X X X
73. Locate a point on the ground

• using the polar coordinate
system X

• 74. Navigate from one point on the
ground to another with the aid
of a compass X X X

75. Determine sequence for applying
first aid measures to a casualty X X X

76. Apply first aid measures for
- • fracture, sprain, or dislocation X X X X

77. Apply first aid measures for
trench foot and immersion foot.. X X X

78. Apply first aid measures for
minor wounds X X X

• 79. Apply psychological first aid-. measures X X X X
80. Construct field sanitation

facilities X X

- - 
.. 81. Escape from burning tracked

vehicle X X X X X
82. Load/unload an 11151 series ve-

hicle according toaload ing plan X
83. Prepare a tracked vehicle for

water operations (M113A1 or
M577A1) x x

84. Zero tracked vehicle gun

- 
launcher M551 X X X X

85. Apply immediate action in the
-. case of the 11551 failure to f ir X X X X X X

86. Operate an 11151 series vehicle
-. under reduced visibility X X X X

Continued

65 
__________ 

—.--- - —--. -- • •-—-~~_
.

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



TESTING PROBLE�I S ID~-;NTIFIED FOR A SAM[’LE
OF 100 RECONNAISSANCE SPECIALIST JOB TASKS

_____________ ______________________ _______________ ____________ __________________ 

-

TASK CONDITIONS TASK BEHAVIOR

U,
U)

.1-3 H N
c C) ~~ 0 1-4 N

N d~~~ ’. C) Z
~~~ç 0 ~-) ~~~cC I-I

N C). c~~ O P-~ c~i O r-I ~4 P-i P-I to (-4
0 ~~~~~~~~ N < P-a PI .~ 0
r~ ~~~~~~ I-a 0 1-4 P - J O  N 0 0 N

TASi( ~

87. Guide a wheeled vehicle X X X  X
88. Mount/attach accessories on

an M151 series vehicle X
89. Adjust fire of 11139 on a

moving target X X X  X X
90. Adjust fire of 11139 on a

stationary target using BOT X X X X X
91. Destroy tank and recon vehicle

mounted machineguns by
demolition X X X X

92. Identify and correct malfunc-
tions in a caliber .50 HBNT
machinegun X X X X X X

93. Fire caliber .50 machinegun
from moving vehicle X X X X

94. Perform checks and services on
.50 (Iliber inachinegun tripod
and ammo X X X

95. Engage a moving target with
an 1160 machinegun X X X  X

96. Apply immediate action to re-
duce stoppage on ar~ 1160 machine—
gun X X X  X X X

97. Adjust headspace on an M2HBTT
machinegun X X

98. Perform maintenance services
on caliber .45 pistol and

• - -  magazine X x
99. Identify cause of a caliber

.45 pistol stoppage X X X X X X
100. Perform preventative main-

tenance on canvas items X
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APPENDIX B
• : PERFORMANCE AND KNOWLEDGE TESTS FOR
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THE TASK OF INSTALL ING THE FIELD TELEPHONE
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PERFORMANCE TEST
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PERFORMAN CE TES T
Put Telephone Set TA—3l2/PT Into Operation

TEST ORIENTATION
(Tester will  read to Trainee)

I “For this test you will put the field telephone into operation.
I The telephone is to be operated at the company level. One end of

the electrical wire will be connected to switchboard SE—993/GT. The

I power source will be the 2 batteries. The task is to Set U~ the
telephone and contact ano ther station. There is no time limit but
work as quickly as you can. Do you have any questions?

NECESSARY EQUIPMENT

I l TA—3l2/P T telephone
2 BA—30 batteries
5fl WD—1 field wire

1 1 pair pliers
1 screwdriver

1 TEST CONDITIONS

Telephone set will be in carrying case without batteries . Remianing

f equipment will be displayed on a table. Selector switch will be set
I at CB, INT—EXT switch will be set at EXT, and Volume Control will be

set mid—way between LOW and LOUD. Test will be conducted indoors.

I 
______________________________________ _________
PER~~)RMANCE MEASURE 1 CO NO GO

Set ~~ Field Telephone
a. Strip approximately 1” from end of field wire
b . Insert bare wire into binding post 

—

c. Install batteries —— 1 with electrode up, the other
with electrode down 

—

d. Set Circuit Selector Switch to LB 
—

e. Set INT—EXT Switch to INT — —
f. Set Volume Ccntrol Kn ob to LOUD — —

PERFOR MANCE NEASURE 2 CO NO GO

• Signal Station
• a. Hold receiver securely in retaining cradle — —

- .~~. Tu rn generator crank — —
• .. NOTE — I f  soldier forgets to signal station , remind

him that is part of the test

- 
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WRITTEN CHOICE

- 
Instructions

This is a regular multiple choice test. Choose the best
answer for each question and write the letter by the
correct answer on your answer sheet.

The telephone is to be operated at the company level
-- with 2 batteries as the power source.

I 
-

I
I

I 
70
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These 7 questions relate to putting the Telephone Set,
TA—3l2/PT into operation . For these questions , assume that
the telephone is being operated at the company le~ret con—

• I nected to switchboard S3—993/GT. Power source is 2 BA— 3O
batteries .

1. How should field wire be secured to the TA—312/PT?

a. Connected to binding posts.
b . Connected to external battery terminals.
c. Connected to external terminals.

2. How should the two batteries in the TA—312/PT be installed?

I a. One with positive (electrode) end up, the other with
negative (smooth) end up.

b . Both with positive (electrode) end up.
c. Both with negative (smooth) end up.

3. How should the field wire be prepared?

a. Last three inches should be stripped.
b . Last inch should be stripped.
c. Insulation should be left intact.

4. What is the correct position for the circuit selector
switch when putting the TA—312/PT into operation at the
company level?
a. CBS
b . CB
c. LB

5. What is the correct position for buzzer volume control kn ob
when putting the TA—312/PT into operation at the company
level?

-- a. LOW
b. Half way between LOW and LOUD
c. LOUD

6. What position should the EXT—TNT switch be in when the handset
is used with the TA—3l2/PT?

a. EXT

L b .

7. How does operator signal a station with the TA—3l2/PT?

a. Press push—to—talk switch .
b. Turn generator crank with handset securely in retaining

cradle.
c. Turn generator crank with handset removed from retainer

cradle.
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PICTURE CHOICE

I
I
I

Instructions

[ This test has 7 questions. The questions are in words
like most tests but the possible answers are pictures.
Choose the picture that best answers the question and
write the letter by that picture on your answer sheet.

Again, the telephone Is to be operated at the company

I level with batteries as the power source.

t

I.
I
•1

1 
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1. Row should field wire be secured to the TA—312/PT?

a. . . b.~~~

-~~~~~~

c.~~~~ i~~~
-
~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2. How should the two batteries in the TA—312PT be installed?

a. ‘~ b.

I-

‘a

c.

I;,

3 

1 ( P .

/
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3. Row should the field wire be prepared?

aIi
~~~~~~~~~

J
~~~~~~~~~~~

1

b~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4. What is the correct position for the circuit selector switch when
putting the TA—312/PT into operation at the company level?

c. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5. What is the correct position for buzzer volume control knob when
putting the TA—312/PT into operation at the company level?

• 
b .
~~~~~!~

j 

c.j .

.L~L - - -

~
•
~~1

_________________ 
.
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. 
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‘ 
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6. What position should the EXT—INT switch be in when the handset is
used with the TA—312/PT?

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

bj

~~~~~~~~~~~~~~~~~~~~~~
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7. How does operator signal a station with the TA—3l2/pT?

a.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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PICTURE OUTCOME

I

Instructions

* This is a picture of a soldier contacting another station
after setting up the field telephone. Study the picture.
If there are any errors in the way he set up the telephone

-.  or the way he is signaling the station, circle the error
with your grease pencil.

- 
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PICTURE SORT

-S

Instructions

Here are some pictures of a soldier setting up a field
telephone and contacting another station. Choose the
pictures that show how you would do each step and put
them in the correct order. You do not need to use
every picture.

— There is no time limit, but work as quickly as you can.
Remember the task is to set up the field telephone at

- .  the company level and contact another station..

- I-

The photographs were pasted individually on 5” x 9” cards- - and stacked in the order shown for presentation to S.

— 1
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APPENDIX C

SAMPLE PC QUESTION ILLUSTRATING SUB-STEP-. SEQUENCES AS ANSWER ALTERNATIVES

~L .



1. After inspecting the receiver and chamber for ammunition, the
step (s) to complete clearing the 141.6 rifle for disassembly are:

a. -

I
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b.

4
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~ APPENDIX D

SAMPLE P0 QUESTION ILLUSTRATING USE
-. OF Bt~t4-UPS TO PROVIDE DETAILOF SPATIALLY DIVERSE COMPONENTS
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