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,,INTRODUTION . .

HOW TO.I.AE THIS EANUAL-\
- This manual is intended fir us e by p.erions involve.d`tin t ing. You

will find this ITITI;131 useful- if your work involves any Ohase t !test con-_
Struct)cn, test administratioN or use of test rults.'11,:heithe you are
imAolved with just a wall segment a test construction and user =seas
writing a few test item; or help* administer perftmance tests a
field-stationor whether you sp.ervise an entire Lest car-tructio or
test administration process, you will find helfu,1 guidance in this nanua----

This manual is a carefully researched presentation -of what is kr4 n
about Criterion-Referend (CR) testing, written in a yhow-to..-do-ity
Examples u illustratein this manual to points are dr4wn from #e
rience of Amy test persinnel working in."4 .varietyof Arm"-situations..
Although test construction and use requirements differ in variout Arrry

facilities, this manual has-been tailored to be as 'tseful to you as posslole,
no ratter what particular processes are used to develop and administer
at your location. Consequently, while this manual does, present, an overall
procedure for, developing and using Criterion-Referenced Tests (C s), it is
not essential that you follow all steps- just as 'they are presented here.
Rather, you can use thii manual for guidance in performing-particular steps,
without violating the overall way in which you develop tests. Of course,
if you fo ow the .overall process presented in this manual, yob can.'be more .

certai v at you will develop tests that will measure what you, want them to
meas

C

while there are certain technical questions iiivol%ing CRT constriction
on which tasting eperts. fail to agree, -there is basic agreement WI many for
elements: So, if you are presently involved with test development and use,
you 011, find in this rarwil guidelines that can 12elp you in performing your
par titular testinfl.a.sks, steer you around problems, and help ensure that .

your tests work as well as possible.
.. . .

The ,r.iiphasis in this
r

1 is on test developrent. If you are involvedua_ee
only in the administratio f sits, you, might want to read just Chapter 6
which covers aitriniste.rin d scoring of tests. If you are involved in
only a srall segment of in overall test construction effort, or if you hive
a problem with A specific aspect; of test develo t, you may just Want to .
consult the relevant section of this manual. Refer to the table of contents

:to find the appropriate reading to aid you. -

-1 -1 --,

14
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_V..i3 4:4 th snail, trJes to 3. id itle te&nicalt tin-g.

terrnnol .4 FAY fr_ OTie, terms that -gi t.4 /..f.'4:1 ., 0"..! C.V3 ille

thr. nrioss .inApphd-U,1Q17\this nanual N r ..lp n su Ch cases.
-. .. .

-_,

A- you are fardliat viith the test construttionprocesses contained
in this nual,fou ray mish to ase a checklist to.guid,4*.yncr in your test
.devetoppen..\activities. _The ChecklIst for Constructing CRTs contained in
-Appendix A of this manual mill help you ensure that all .tees in the test_
wnstructitn process are -covered a*uately.

-

If you are concerned with assessing CRTs that have already leen built,
ray-ment ts,Lse: the Checklist. for Evaluating CRTs to yryi in yt5r

evalpation. You ray also _want id use this checklist As a guide for reviewing.
tests you buil ori-or ts formal tryout. This checklist appears in Appendix
B.,

. s
The following features -help.rakf.! this ran, easy to use:

_
. 1 .

- + Review-questions and answers for each chapter (in Appendix E)
will help you to.supplement your th of understanding for

that chapter. .
- --

Pages are numbered within chapters.

AP Chapters-have flowcharts when necessary to shmi-the
sequence of operat4ons required for completing MT devel-
opment. tasks., The flowcharts fold out so you can refer: to

then as you read the tact. By ;zing these fliowcharts, you
can see:just where you are in the CRT .c_ive10.prent process:

Major points are surrounded by boxes, and other points.
are- identified by bullets ( *) to rake then stand out."'

Examjles are highlighteorfor easy reference.

ay

,_

4

'

"f
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the of this eaLf.ual. to ide. guidanc.e op, the \constrz.?
tssd of Criterion;-?-eferenced tests (Ms). CRTs ,Welrelati4e. neom rs
to the field of testing. Because of their advanta*, riffs are r.ecelii, a
ey,_rirpeasipg. applicaticn. You ray already bziAnvolved with _.CRTs,
eit...-ealizing it., since there is still some disagree in tern logy.
f.or;eXamole, many so calledl'performance its* amaJally Ws. To
clear u- ay cpnfigion, let us define Criterion testing ('C2win. ACRT reaSur 3&at indiv" ca or _keze..,% -eirrpfnaff to
what he rust be -ale to cr must cer-fo V.:ocessfully perform .

this is that .an individual's perform4cte is
Cdifipared.io (referenced to) some external criteria, or perfetromoe. standards.
These standards, ars-&rived from an analysis of what is reouirtd to do a
particular task succsfully.

The traditional approach to testing is cane Ittrm-P.eferenced testing
testing). In fiR testing, an indiigdjal's performance is pares

to the per of other individuals. For example, any tiny
..is scored "'on a ,curve," your performance is being compared to that of others.
SupPope.an individual takes a MT on his ability to reps' -1,f2 ton truck
trantrrission and scores at the )th per mile. At best, au. this tells
you is that the individual can repair sues a transmission petter than 90
Out. of 100 other individuals who take the est. it dos not tell you that
the individual can repair this tranimissich to stketific test staredarch--

at he c fix_ it..to that it will work and hold op fog, a reasonable period
o tine under not m31 operating conditions. A CRT on the sae subject would
to you whether or not the individual could repair the trahsraission to the
app iat;e standards. Scores from this CRT might be recorded in term of
"go _ 'no -go." All individuals %dm received a 'go' for a vpassl_ on the

, id be able to repair the 2-1/2-ton truck transmission to the test
"stazdards. You would_ not necessarily know whether ore, individual who got a
°gel' did better work than another who also got a "go:, but you would know*
that both had ,enough knowledge and skill, to repair S'och_transtissions._

-
In zany cases, you can't, tel.?, a CRT frot 4 PT jut by looking at

the ;Pe items on both_ tests might look thea_safire. Sloth CRTs and
-Ms ray We multiple- choice items ,or fill-in-the,blitnk ;items. They
both may ilisit,,simulated_perforrancf measures, such as: 1- _

Tie_ thettourni*Jet on the durpy'S leg

Dasonstrate pritper bayonet_ procedures using, the rzibber ranck-up
14-16 and bayonet

-oh per formanceon-ance rasures such as:,

Disassemble is weipon ".

-f Connect the calling patt.y to the called party uskg Itandand ,
'Meld switchboard '

1-3
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ve Ipowl-We- ems as: \ t- ,

..

\ rsi sh ul e lakte\c -ted?
.

\
, -, t

.4 3.74-.at symptom indicate tha e.4 atropine ins. ion should
. -

I.

be: ariainisterc-d?
.

or 4111-typt items sue) as:
, 4

corip-jte the elevation require for firing a boitrier roand
from point X to-specified grid coprdinates

place the fealty component on ,this radio chassis

Both types of tests _may_ have pa-per-and-nencilperfomence For
example:

?lot the quickest route from point ;4 point B on the
topographic map supplied.

. or actual .erforma.nr.. item.

You are drooped at point A in the test range. Using the map
and magnetic compass provided, get to point S within two h:rurs.

Ss, lotting at a test will not necessarily tell you whether or not it is
a 0.T. To determine' if a test is a CRT, you need to find out how it was
developed, what it is used for, and how the score is interpreted. A test
is criterion-referenced

The test item are based upon training objectives wilich, in
.rrn, were 'developed from perforrenc:e. Objectives exte.rrial

training. That is, thet.development of the test can be .
directly traced to-a. consideration of the tasks vkich the
trainee will event iallijc perform on the: job.

'The is is primarily used for racsurina raste6.. That is,.
the test is design to-determine ther or not -file in-
dividual has nattered particular tames. CRTs ray also be
used to assess instructional--programs; that is, tfrey roc ,

--4:-help determine whether or co.t progrw1:s do train indi hale
to achieve mastery.

.- ,

Scoring of the test is based upon absolute standards such
as job competence rather than upon relative stand-a-n:1s such
as class standihg. .

so -

If a test mets the'above three criteria; it "ii criterion-referenced..-.

4:041.
1-*
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AS J Cab see 1-rtom this able
vine her en iladiyidaal is peep

1..yosJ icb individuals are core
tkto do -the job. -

I

s \A\s\k
\'

\of cg.f.1.15' tini as compared4 VR Vest 4.t4
ni by using CR using cm you know

`,do a Job. ARM ;Tay be able to tell
pr red thesi others/ hu not vinich are .

=

- _CR at_STilit
.

Requires a careful ahalysis
of skills and krtowledg es
needed for performing tasks
on ithich individuals are to
be tted--Task analytic
data provide the basis for
the construction of it--Is

-

.

.

.

Hay be based on core content
taught or instructor's --assumptions

.of utat individuals need to know--
Task analytic data are not neces-
sarily considered

g ..ww.
.

- -.
Test results indicate
whether or not an individ-

al pan perform a task to
ecc9tabli standards

1 Test results indi te how well
an individual dam (5r how
much an individual knows) as
compared to others who
have tak&n the test

test 4sults are most use-
ful -far raking absolute
decisions, spch as uthether
or not a persbri--i s ready
to pee/oral a particular
job task

Test results are most -useful
for raking relative decisions

. such as sitio knows core, who
watts core quickly, or -class-A
_rank

- -

.

figure 1-1.. ,-
-

.

Comparison of CR Testing . .

with W Testing , -:
-F,

e

MEN TO USE CRTs
. . .0- .. -.

You can develop and use CRTs for a ,variety of purposes. The fore-
rost use of CRTs isto a.n..*e.r; the question °Row well can the inpvidua)
perform Compared to how well he needs to Perform to accomplish a tas/In
In other words, yciu should use a CRT whenever you need to find out if in
individual know; and can do what is reqifirid.in order to perform the tasks
for which he is Lein .trained.

18
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-member though,' you 11 4v-e ale to et /AvO other criteria,

as cle till' armvmf'-IL*eltue_Zitst.i.P". barpri.t_2 cz-i) ;)11:41f7rt
\

4 First, you'll have to be ?..blif to bate your test items' on trainliv
objectives which were developed from perfonrance
external to -training. So, if. Yol Can't odint tz external
perfornance objectfves (what 'the individual should be able .

do on the job aft .. training), you can't develop a CRT that will
-be a 4useful measure job pe:forma --.

Second, you'll have to be able to score the tist-lin an absolute
basis. If the test won't be scoreable in this waythat is,
if you can't specify the mininum a able standards for
adeouatf perforrancethen you won't be able to build a CRT.

A properly constructed CRT will allow you.to classify the people who
take it into 'two groups:

Masteri---those who you are reasonably sure can do what they are

trained for,.

and 7

- lion-eastersthose who you are reasonably sure cannot adequately
dalehat 4-they are trained for.

A CRT, then, lets youi.find out whether or not an individual lia.s mastered

a _task or ski-it -

r
s

.

-

- If are interested in finding out who does best, who does average,
and who ao-n.- worst,-4pu should not use a CRT_ in fact, whenever you Want
to answer the qUestion Now well does an individual do compared to others?ff,

you should use a MT instead of a DU. tiRTs are designed go produce lerge::"'
.differences in the scores of people taking them, so they'clfre be used for -

belong you find out who doe-,_best, _second best, third -best, etc. CRTS,

'though, usually dory praducelatg. e score differencesall rasters ray gef
just about the same-Scoreso- they are not good for helping you put people

in the order. Of ,t.hey to compared to one another.
-'

3' CRT or MU, .

_

Supppie you vcdn testa class at the end.of training and name

the two top scorers as &nor graduates.

's Question -mould you..yant to giVe the clasS. a £RT or a liRT2

1

\y,



1 41'
1L4fri givo a CV7*. t5:1 ray rid that t of Ile c ass are rthisters'.

L. of the cl can dd, that yo , have trait' ad th far:. eurn people
cla&s:.ra get the top score, so Ai too& .1 tans as honor

g uatE.? On t _ other hand, if you give ih... a ICRT,you will probably.
fi two irldividjals uto clearly score higher 4. the refit of the people -

in_ tile class. \But, with a tin all you knoll is =t theseAndivid,
b e s t C o m p a r e d to. o t h e r people m h o t o o k t h e t e s . YOU nems-
sarily know ifnether or not these two have rastered a tasks.; Oust the
same, you would have a clear .basis for naming the two indivicals xto
scored bight on .the MT as honor graduates. So, if you rust:pane honor
graduate (or select a few people for promotion ar other speclal honors),
,knu would.be better off using a KRT. &t if you w.nt to fitA out who in
your dais. has ralsterA.d_ the training, you had bet.r. use a MT.

f"
Now, suppose you riCeive.a directive indicating that approxirately

five percent of your class are to be identified as honor graduates. You
give the class a CRT rich has e cut -off point at the score of 70. Anyone
wto scores 70 or above on the test h t the minimum acceptable standards
on the tasks you've: trained theh to p rm. Eighty isIthe top score pos-
sibleit represents perfect performanit on the tasks tasted.,

There -are 100 peop,le in your class and they received the following .t
`scores: . .,-

Score --Humber of pe Ople in class who get this scbre._

80 f 20
78 . 40

77 10
7& 10 .

5.1
74 ,
72 ,:'5
71 5

2-Q0

Figure 3 -.2. Sample Iasi Resplts
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T.Ilow What_ o you do? Not ly has ever yne in your class passe \the test,
t FOlercent of the cl s hive achieved perfect score.- Aid) ,eople..

Aould designate as hopor graduateS.?, Yop would ban 10 fi'd Stife way

,4!=ates. CRT scores to identif? five ,Oercint of Yburidass ili,honor
. .

i .1,-1,
- \

i So-:11jf you need, o use a -ti, :pall ould.pot chbose anong cla.ss
ors on the basis of resuTtsl, :II ya can really say is
lit:o can do wha-6:they're s sed to, -d-i% it.'

Screening Devices

Another use of CRTs is as a screening device. If an individual
needs to possess 'certain entry behaviors before he starts an advanced
course, for example, you right want to give him a CRT before permitting
him to start _the course. In this case, the CRT would be based on objec-
tives for tasks that the individual should be able to POrform before
beginning the course. A learner's permit test, for.example,.is often
used as a screening device in automobile driver licensing: sIf an
individual passes this test it means that he has the entr)c level knowl-
edge -- knowledge of state ,traffic laws--and can be considered ready to
begin hands-on driver tralnlng.

. . ,

Ydu can also use a CRt as.a screening device to see if the individual
a ready knows how to perform some of the tasks. In some cases,*an.

, individual may be Ito do a job without taking a training. ourse be-
cause he has had appropriate past experience, or was rained for something

similar. For cases like this, you night want to test this individual at
the beginning of the course (or block of instruction; or sub course, or
specialty Area) with the, same CRTs you would give' to the rest of the class
at the end of: the course (or block of instruction, etc.):. If the in-,

- dividual achieves a mastery-level score on the test, then you won't have
to waste resources or time b putting him through something that he can

already do. -

DiagnoStio_ Aids

. CRTs may also be useful as diagnostic aids. You can build a CRT so
that it shows just what objectives an individual isweak on (has not yet
rastered) and even what particular steps of a certain procedure he is-

unable to perform. A diagnostic 4:3?,:on, drill and ceremonies, for exaffiple.



\ #\\ \
.

show that an individual cannot correctly Oc..ute vparaerest.° 3y
.

-ning that individual's test score steetoyou mightfind Oat he failed
lakitirest because he did .not hold his headand eyes at the position of
attentlon. Remediation for this person be simple: You don't hive to

tea hir;a11 the steps of parade rest --his feet, arms and hands are in
rigapositions--you only have to teach him to hold his head and

at Wention. Of course, this.is an overly sipplf example, but the
prin.iple,holds true for ich more complicated tasks, such As flying,a
helitoptei', .1

..
4,

Evaluation of instruction

A final, rajor use of CRTs is to answer the question "Has my instruc-
tional program taught uhat it is supposed to teach? That is, you can -
use a CRT-to evaluate how good an instructional program is. If you have
designed an instructional' program to train people in specific tasks, you
can use a CRT to find out how good the program is, as follows:

first, you find an appropriate group of people who cannot do the
tasks--the CRT should show that they are non-masters-on thttss

tasks.-

Then these people

Finally, you t

through the instructional program.

witty the CRT again.

.If e instructional program is good, Est should score as rasters

on the CRT after they've had the program.
.

:h. .01/ERVIN OF CRT CONSTRUCTION PROCESS
-

There is no single correct way to construct-a CRT. Tie construction ..

process outlined in this section is designed to help you construct and

use CRTs that will be suitable for their intended applications. Follow
irgg this process will help you cover all points necessary for_an adequate

-test. However, your own imagination and ingenuity will'be required to

create workable tests. The process presented in this, manual' is designed
to be applicable to.diversetypes of testing needs and situations, regard- .

less of subject rattir.a.Laus, yob will need adequate knowledge of the

subject ratter or acce.W.tb sutject getter experts.
.

. 4,

.
RemeMber, the CRT" construction Process presented bere, is otilY .one

may of constructing and Using CRTs. There ray. be "other useful approaches

which you hive been following. Consequently, regard, the infproitton pre-

, sented within the steps of this process as guideTine$ to aid yob, riot as
3

.,
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'absalute doctrine. If the proms mn cts With your p ures, use
only those guidelinenith help you I 6 the other hand, you are
'starting frap scratch in the-test de4alopmeht process, you milt find the
CRT construction procedufts presented; here to bS a simple and e!gcient
method fix. constructing CRTs thatmill do pie job. Here is a b f outline
of the rajor steps.for constructing, using and evaluating CRTs. They will
be described in greater detail in Chapters 2 through 7.

,

I. Assessing Inputs to 4 e CRT Development process. In this step you
assess the adequacy o the Objectives that you will us in &veld frig
CRTs. inadequate objectives mist bla.revised or dis ' ed. In as s

ing the adequacy of objectives, -you *ill carefully co ,ider their ree

rain parts:

4,'Performancesmtat the objective r044res people to know and do.

Conditions - -the situati.on under mhtch-people's performance
will be evaluated.

. I .

- Standards- -the level of performance which indicates satisfactory
achievement of ip-ajective:

2. Developing a Ttst Plan. Bifor4 Witing test items, you should plan
the test. In this step you develop a test plan by considering a

_ number of fac4 rs including: .

.10 Practical co straintsdo factors such as tine and ranpower
availabiifity, costs, etc. affect the way the test must

be built?

f Item format-- the o Actives best tested by written items,'
p erfoimanceTitems, ne uresofhow aserformance is- dani4
measure of products ,-ulting from performance, etc.? HOW
realistic should the te t items be?

taber items-how ma y items thould be made for each e
objectivg- What, kinds s f conditions should the items

include?-

.3- Constructing the Item Pool. In this step you create the items_ called

for by your test"plan. Whe ver your test plan calls for one item,

you create two. In this you will create an item pool from which
the best Its can be e ed,Py tryout and review procedures. After
yov haye prepared all e items for your item pool, you assess the,;

adequacy of each item considering.such factors-as:

Does it etch the'obJective-forylith it was created?

Is it clear and'unambiguouil



r

Is it reasonably easy to nester

"-

- ' \
4

lism as specified in the
test plan? . . .

In this step you also prepare-instrcctions lipid, tell bow each it #472
is to ke_ arhintstenad. In addition, general instrrJctions for the
test as a whole rust also be develbped.

. . _ .
_ .

4. Selecting Final Test Ices. In this step you try out the item pool and
. obtain reviews of the test item. Poor and,,, edundant test item are

revised or discarded, $ necessary. You may .also -have to create and

- Is it at the appropriate level of

try out new items,- if the first tryout and review s _eliminate item
utiich leave gaps in the test-plan.

5. 'Adininistering aDd Scoring the T e'st. In this, step you-creatA--ttne
scoring standards and administrative procedures for the to t. You

' develop and document standardized conditions_ for test ad? nistration
so thP test -care -be adifiniste.red and scored lisothirs use g your
doct.mv24itatiori.. You also deielop cut-off points for you test which
pall what a .passing score on the test Or on each of tt objectives)

-is.

easuing Reliability and Validity. In this step evaluate the
liability of your test--that-is, you find out if 4.-,e test measures
e same thing each _tine it is given. You also e -luau the validity
your test - -that -is, you deter; ine whether or it ',Ts actually...

measuring what it is supposed to measure. If your test has low
reliability or validity you must consider ways/of improving the test.

ESSENTIAL TPS

-Whether or riot you use the CRT construction protesS step-for-step as
described in the manual, you should be sure that the following essential
points a're covered in developing.and_using tests:-

Test items should be deieldPed to reflect the attainment of-
objectives, which in turn are developed from independent .

analyses of the tasks. Test items shoulasi.itt*eer-
formance sPecified In the bjectives, under the appropriate
conditietis,to the specified Stanbards.

'ou should rake sure.stbit yafir-test ftemS peat the practical
constraints of the training and testing situations, and that
you --try out' your test :items; Tryingout items is the only
certain-iiarof ding-out which itws work best.

24
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.
You sbtu1d review the results bf the tryout,a6devalate
the it4r. s with ppers, test evaluation units and subject-

atterlexperts. ' ', -

You should provide appropriate administration a nd scoring

procedures to be used with yoUr CRT to ensure that the
:CRTs will be adoinistered and used in a uniform. ark

appropriate way__ - A-

deo

I

25
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'C'': d.frya.frCIII,Oct.3ves that tcl what people must do
succeftell-sr complete ttinfng or..pedor.P1,.,,trtkin tasks. In this hapter
we wil-lejirrttfli--,z4uss_cljtftet4-L,;-01s-011140-tives. Next, we wi I,

.,:.---. ,..,rAiTiM" the three aalii par 45ellth AT- iitUalyes should include. 1. Then
we will set O'w to assess th..e.a,-*_,y.,.,0f,-4)jectives. If objectiyes arewe
inad .a# any tee divelWecl-fr-r*...'.ta'n will 121, inadequate,.

v:_efori-iiA___,..."-

\i-;-,1...-,_,,,,,
, c:r

....._.-. -. _.,..'', . ,:r- -. .. ir... v.
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ter "I.
t1V1: / . , , %. ';. '., eCeiai OF -.P.-.4.5trilTES'....,".. -s- - I : -'-' .-
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..-..-.-/ ... -.. Ah.

ilefc,t,1-tat, and
-,/the igTs -mech. areteieloptd frott dm, 'ran be, written

at ;seviti-pt differ en i-kiels. of.4ta.fj-;---11A inportant td grasp what these
. .lpielcirelzecalse they ipliuente fami: tests are prepared and, used. *13nder-

Standing these_ levels -can 'also help you Budge the adeopacy.pf the objectives
front which tests vtust 4` deriVed.--- :

a . .

''....."?,.... 11, .F. ...

Three basic levels can be identified:

Level-1 refers to objectives Which are prepared...on the.baiis of
doctrine and/tir experience about.actual, meaningful Unfts of work
activity which occur iiioperatibniVeffirrnFa-Y.,tinimber of 't------,
different labels have ffeen applied to objectives including:

.4.-- ./.-
Per-to-mance' RequirA:nants ( aPps)-

. --.. 4
Ve for-lance Objectives-. 0

. ,...:,. . ..-r,..- ... Per4orrance -P.easitret *Is)
. . _

4.
. Job .Objectivet 00s) -.-=.4-

1 . _

task Objectives'- .
..

The qiact jaliels are not important. at is important is knowing ..,
that Level 1 ObJe4ives.reer...,to mea rarilts of work activity,
performed under operational deinditions, and according to operation=
al standards." that is, Level 1 obje45vei tell. what =1st be clone
on- the.job. The job -task analyst is- principally respont-ibler for
such objectives, . - -' .=-. . -... 4 . .

.

."

-



4 *Level 2 oVectives are ess entially en objectives which baye
been bodified by-the training system by.the training Program

designer so that they wrath training 'apd safety require-

. -rents- Leiel 2 still 'refers to meaningfut Tdts of work artivjty.
Objectives in this category have been label

_ Training Objectives

Instructional Objectives
. -

Instructional Goals

Learning Objectives

Terminal training Objectives

Mat

This level describes work activities which can stand by themselves

and still be reaningful. For example, operating,a =Riveter would
be a Level 2 objective, jfthe intentidh were,to tvain assembly
line workers to perform quality-checks to rake sure that nultimeters
are operating properlbefore they are packaged fpr shipment.'

fctever,.oparating a =Riveter is not necessarily a ceaningfUl
activity, apart from troubleshooting a malfunctioning electronic

circuit. Operation of a multimeter in that case-would be defined

'as=a Level 3 objective, which will bedes later.'

-

The: point is: Level 2 objectives tell.uhat a person most be able,
tirdo-At the end of training, not decessarify in an operationat7,
envtrontent(on the job)... While the training program designef-iS

principally responsible for these objectives, test deielopers:haVe
important contributions to. c=rake along with job 'task analysts and

..unit eammande6. Testing at this levil is desigied to screen °Lt.
individuals who have not mastered the objective(s) of a particular

stage-of training. _ .
.64

Level 3 objectives refer to activities. (component skills and knowl-
edges) which arse not directly useful-by themselves. They ave.
generated in an attempt toareke training efficient and hahageable.

Labels Wised' at this level include:

- ' 4

En-3bl ing Objectives a .. -
.. '-. . .

- -

73-rowledges .
i 7

Skills

±2Xernediate -Objectiqes , ..,

. ...t.
. ,

Learning Elements (reenta1 , PhYsicaL illfnrvatjnn, and
_ attitude el I.. '. 1 *- '. _

...---
. /

-k

1 27
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Level 3 obtectives tell Ishat a ov-...;,n A-t kmw and do as a ore-
recuisite for doing. Ler& 2 ebjectives. Testing at :this level
priiiily Serves a training and diagnostic p-..irpose erd is usually

- &Alt into the-raining in the form of "-

Tirc ;r1.- MIN PARTS CF (.37.4ECTIVES

Before constructing a CPS, it is-nersar$ X° take a close li741: at
the objectivets) on ifthich the CRT is to bo :ras.. :You =1st tharmghly
che.ck each part of the objective. A properly written objective, regard-
less of lftvel, should, cl:=.4st of the' following ttr# parts:

._ .
*Performance (Task) 9*

"4,

CODditiOnS.

Standards .

IIS

4 St

YOU are probably already familliar with,these
ybit you ziay Arne thel by otther names. -Figure 2-1
lapels by which the tain parts of 4)bjtives..-are

Air. 4.

Performance, .
Conditions

--6144;w_

parts -of an objettive,
shows some the other
clentified

e.P°
-

Standards

Task '4 COndiiitMS * Trai ni ng standard

Action
A

Environriefitt s-crk t.crion (plzrais;
- . Criteria) .

knowledges, ToOls and eqaipf-
andoeleiThade-S - , fient=i- -*Job standaids

o

- ISubtisk , - '' --; *WorkingrCanditiorm*. '" .Pass'/fail standards. . ,
..- ,

*Objectilt (sometimes ellob aids* --:-. fio,-- standards
used as a Label for . .,,

perforrance only) *Materials required.

-4 ., slintes*

rthese are specified kinds of conditions, -all of-which go to
rakib. up conditions as whole.

a
. .

Figure 2-1.- Some Syhgnyrs for the Parts of. an Objective
cs

s S.

-- .

1 4,,
: 0

-2-3
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us-oonsider each of these main parts separately. JeFter this we
will look at examples of how to divi de. objectives into their three parts.

Perforrence

Every objective should state precisely Iffnat the individual.nust do.

statement of performance.must te clear ensugh or that performance toy
be trained and tested. Exiles of performances stated in objectives 4re:

oClirtrthe telephone pale.

Disaverble-an tt-li rifle

*State the'conditims son which a tourniouet should be applied
. -

Camouflage the helmet.

"eAdd two five-digit numbers-

Uotethatevery statement of perfornance includes an attion verb. This
verb usually fs trre key to the performance. It tells uhat im4st be done.
For exanple, in the statementof perforrarice 'State the conditions for
Which a tourniquet should bfapplied," the action verb is 'state.' You
can test-the student's ability to state thfrz.e cond4ions. ,Suppose that
statement of performance had read 'Appreciate the conditions for which
tourniquet should be applied.' Would you know ihat to test? How would
you know when a student "appreciates" the conditicps?

Ssaetires, tho5gh, the action verb is'notthe key to the performance
to be trained and tested. It:nay be only the indicator of the performance.
Any`tire that you can't point to the performance itself, the action verb
should.specify the appropriate indicator of that performance. For example,
consider thFstatement ofdperformance "Add two five-digit numbers.' It
is clear that the perforrance called for is 'adding.' But how do you know
when someone sliccessfully adds two numbers? Obviously, an indicator must
be supplied,since you can't observe the act of adding. So you would
attach,an indicator to the statement of perforranCe; i.e.; 'AO two five-
digit.numbers ana write the answer inithe spate.below." Note that although
" write. . ." is the observable action, the main intent of the performance
is adding, not writing. If thqStatment of performance calls,for,ap
action (has a rain intent) that is not directly Obseryablel an appropriate
indicator rust be added. lie will discuss rain,intenfgand indicators fur-
ther i' the next_section,.*Assessimg the.Adequacy of Objectives.'
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Conditions

Every 66jective should intljde a statement of the conditions under
mbich the performance rust be dlconstrated. Such statements should
indicate:

What the student has to wort with=-what he is allowed
to use (tools, reference vaterials, etc.)

The en nronrerntal circumstaiices urder %bid) the pertbr-
-"fsbnance rtst ba.d_monstraz. (nighttire conditiws, class-

room conditiors, etc.)

What the student must work- onhis sza.rtino points (the
"givens "--e.g., given a tiark I l chassis. . .)

Any limitations, special instructions, etc.

it is ,very important for,..an objective to specify all conditions.. tics
nay affect performance. Without statements of ese conditions, you can't
be sure of just what to train or to test, SuppoSe, fcr exauple,.that an
objective stat.PA *Se able to disassemble and reassemble an l'11-50 rachine_
gan.11 You, the foot soldier, red the objtive, receive training, and
are ready to be tested. Tour drill siftglij. takes you into a windowless
room, closes the door, hands you the machine .gun, turns off the lights
and says "okay, disassemble and &assemble-ibis weapon.'

You say, "&t Sergeant, the objective didn't say anything about doing
it in the 'lark.' lie arsters, *This,is a -Combat wpon and yousight have
to use it anytine-s-tright o r day. I woof,t Always, be around _to turn the
lights on for you.4

_Sp, if conditions 4ren't seed, the student won't know exactly
what be needs to learn to doAritr; as a test developer, you won't know
just What it is yoU should test......if you reaci.the preceding objective.,
what .congitions would you test er? pay? }light? Classroom? Vain?
You would have to rake an ecbcated guess because you really wouldn't know.

,
Oftoi performance vast be temnstrated vernier multiple conditions.

These must be specified. For example, if a student rust learn Vp navigate
through many different types of terrain, the objective should state each
of the terrain conditions -through which the student will 4ratre to find his
way. Sozetire.s_perforrence bust be dmohstrated under any of several con-
ditions.. in such cases, he statemint of conditions in. the objective
should maee clear that the Regformarice need be demonstrated under only one-

..of the cOnditions. For-exec2ple, an objective requiring a trainee to deter-
mirie the coordinates of 4 grid on a map rmy state The trainee ray do his
indoors -or Outdoors.'

S 30
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rine following stat_ents represent s examale conditions Ista.m+nents.

of conditions are Widerlined)i

*Given the voles of a sphere arri the appropriate fermi:Rev =nee
the diarpe-_,.. of the spbere. -

st

*Cross a Standa-rd o-cle course, in the rain.

List th? major components of arleep clutch and their part nutbers,
usinn the 1.-e-T-a-ence nanaal orovIded. s-

*Replete the transistor on this circuit board'Aiithaut mina h-;t
damage to the.adjacent crystal diode.

Standards

Each objective snauld specify the standard (criterlo) by which
performance is evaluated.

A

In other wards, every objective should indicate how well Cr how
quickly (or both) a petari.w.Joceinist be done. As is the case for state-
rents of performance and conditions, standards, too, rust be clearly stated
in the objective or you won't know how to train cr test. For example,
suppose an objqptive only stated "Be able to type reasonably accurately
using an electric typewriter under standard office co*ditions.' Lacking
standards for speed and accuracy, how fast you-My= train people to type
in order to satisfy the objective? lbw fast would they have to type to
pass a al? Obviously, the objective is lacking a clear statement of
standards ("reasonably accurately' doesn't really tell you anything). A
complete objective might read 'Using an electric typewriter in standard
office conditions, be able to type 50 words per ndpute corretted-for
accuracy (one word per minute subtracted for each mistake)." Working
fram such an objective you would know what standards to shoot for in training
and the level of performance a persbn has to demonstrate on a test.

/-
There are six specific types of standards that can be stated.in objec-se.. er

tives to indicate how well (quality) or bow quickly (ttme) a peif6rmanpe
naSt be done ora product completed. Figure 2-2 describes these types of
standards. An objective should specify at Matt one of the six types of
standards in ordei to be complete. Often an objective: will combine sev-
eral types of standards; for example, one of quality wand one of tine.
specificatiOns.

31
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Refers #:

1-3..r.ie of
- Sn re (Sitiof

I $ndarl.V.,:tderliniid)
_ . -Quality:-

-

"Givp: 1. IMP Stith forward obsm'.-
vers and emu b.00P ;mitt=
aim e3, the trainee -s` x/A issde, a
'call-for-fire" using the

o-J'ixatirr4 off-;
372374 122St traten a spec-

ified SDP. This staard spec-
tiles that a p&fornarce be-- i.lel parts of fir- ;_u,fd as somifiw it-tne
sr-q e itrilii s'epence. ktillery rails tiendOott: .__

Quality

.

Zero errorperformance must "Thetrainee will set the sciadrant
on a YAM Switzer quadrant sisht
to a specified nil. Se must set

be aurrpl....ed to 10:11.` ar=racy'
(or product J.-a.ist:.be made
exactly righti. it at the 6:act mil (for examole

,

345) be is told If toe train4
is off ty- one mil, be dom not
rept: thestandard. -

_Q.30 -ty

.

Rini= acce...le level 'Using a sta:&.rd oral the-In:meter,
lake a patient's temperature and
record it, to V*. haamest wo-ionthi,

pv-forxance mu.st meet a spec-
ified minium acct.-4 table level'
(or pro±act must specified
#1erancia)

-4.- - .

...-

Of a tree The laintimn acceptable.
standard hwe is the -neArest ti ---.

of a lireAreeot t_be_neareit'
. i -

ctialitY

.
. - a

. -

.

Subjective quality _ . Se able tali-Id-a 7311-ID helicopter
with' power off using aarta-rtatiom.,
and 3rakino a soft landirm from Lopp-

sztst, echleye certain er-
istics which are measured goal-
itatively (or pl'oduct must have
certain subjective character-
isticsfor example, boots =1St
have a bright shine).

-feeV'-,--Tpe standard of a "soft -
landing' is qualitative. Cart. ll:1# ie
used to define standards of s-',..bjec-
live quality-as precisely_ as petsible
so that 143 observe rs would ,agree in
Boit oases. .

.
.

Time
-

.

.

Time reouirenentserformance irrettlY Ar-litiPlY Pairs of Vice-
digit rates using a desVtafrical----
culator. The -trainee must be abl'e to
Vet the comet answer for at least- .

must -be done at a certain min-
imum speed. .

4
,

%- . .

,
- -

10 such ilaft45-icabons tier-minute- ,

It Is; important for this itra nee to.
be able to multiply -quickly using -thi
calculator hente the -thee fequiref?
mat._ Vort4.4:er-iltirriti is a siVlal"
requirement for- tYpiSts. __

_ - _ ..

Time

-

Production rateperformance "A three-fianAtire. temi itioild be -able
to lay andspTice in tifixe Ellin Oft yield a certain -daily or

irior. tbly otrtizzt. (products must
be ccepleted'at a certain rate.)

wire per day-over-amderately diff."
cilt terrain, COnnectini,it 'alma--
thrie different Iodations '',;-:fiere. ti4
siount of Xi?* laid -pa. day, rather*
than a' certain-minimal speed, is iisat

figuregee 22 . Six Tr. ypes of Standar .

_
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.Srating Objectives Into Their Three Parts

- - It is a relatively easy ratter to se2arate au objective into its`-three,
"parts.. Let's look at a couple of examples of doing

. Consider Vrislbjective:.. °Given a rap with two points circled and a
protractor, be able to measure the grid azirrith flan point A to point B
and state the correct ansv...(within .1." 2 degrees) in 120 seconds -or-

- =Here is how yotkierrild divide the objective into its three parts:

-Perfo ,r7ance. One per:formance is called for: _'Being able to m- sure'
grid azircrths.* Note at_ urine azimuths is the in intent
-Of the objective, while stating the arimith is the. indier of
.the performance. You would ve no doubt about the t-.-'.237----7-)ee s ability
to state something; tehai yb want to know is if he can correctly

- -measure grid azifit;ths (but you'll- onLy.know this if he easuies
it, then states it.) _ Other indicators rrightiticlude-writing_thF-
grid azimuth, checking the correct answer on a multiple choice
list of five alternatives, etc.

1 -"

411

H I

Conditions. The conditions stated in this objective are .'"giverit,21-:
that js, the rap with two points circled and a Erotractor. Envir-
ronnental conditions are not important, so they are not stated.;
You could assume that the train would /save to -be able to Perform-
this task onderany ordinary tonditions-- indoors or outdoors, in
bright light, or relatively dim light, etc:

Staridar,d.s. Two s'a.ndards are stated in this objective. first,
the trainee must state the correct grid ezirtrth within = 2 degrees.
This is a 'minimum acceptable. lever standard. Seo5nd, tie trainee

s t - p er fo rra the task within 2 minutes. This is a 'tine paquire--.
merre standard.

_,Now consider this objective: 'Using an j4543 xrecker and art H-6 slit)
the wrecker operator trainee will be able to ,operate the hoist as di
in unpackaging the Honest John Warhead section following the sequence
specified in DI 9-1340-202-12. Perforranceldll occur on an outdoor, flat,
hard surface.* .

; ; ,
Dividing 7t.h-is objective into its parts:

Perforeance. *erating the hoist. Here the main intent, of the
objective carrbe directly observed and needs no indicator."

Conditions. /There are-several conditions stated throughout this
objective; 1mnd-it-ions are not clustered in one part of the objec-_
lave, Fir t, the equipment to be used is speCified.,. Second, the
material 6. be -operated, on Ube warhead) is specified. Third, the
enviro,nrrerital conditions are.deSixibed. And finally, special in-
structions are implied: the trainee will be - directed in )cis

2-8
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nperation- of the hoist. So, in this objective, all four types of
_condition statements Mat student hit available to work with, what
he is to work on, enviromental ctecumstapces, and limitations
special 440 :ructions) are used.

Szandardsf: rn this objective, the standard isof the sta 'ard
operating procedure type. In girder to satisfy the obi 'v.e, the
trainee Trust follow the sequeire _specified in the app pria tech-nical mama for the Hoilt John socket SyStera. A steps in the
seven-de rust be /completed. time standard suggested in the
objecti ye, tit yOu could infer that the task rust be performed.
within reasianable time limits.

AS you have seen Objectives ray or ray not be "neatly packaged.° That
is: you ray have to dig a little to find th'e performance required and to
organize the conditions and standaHs that apply, and express then in toms.
of performasces which can be observed. To be suitable for u e in developing
test itens, an qbjectiye must contain explicit statements Perforranizz, -conditions and standards. If it doesn't, it won't be much elp

Just having the essential three partt; however, doe nt automatically
rake an bb'ective suitable for test development purpo*- Objectives can
have all three parts and still be inadequate.

ASSESSiliG THE ADEQUACY OF THE 0311ECTIVES

-

There arei, Pryor cheeks that you should/rake. in assessing the
adequacy of objectives. These decks will" be facilitated by working from
your list of objectives broken eown into theii- three parts (performances,
rnditions and standards). The chetki inclirde determining that:

'Each objective covers a -single task, and is not a combination
of taxies: ,

Thd main intents of objectives are clear.

Ferri:it-mance indicatort are simple, duct, -and part of
- wtrat--the-traft reas-m-a-lready.

Perfoimances, conditioss-and s ndar.ds are spdcified
.ecise, operational terms.

.

Figure 2-3, a foldout at the end of thi chapter, shows the sequence:
of pperaitions for EheCking the adeqtfacy objective.. We, will dis, .

oust each, type of check separately. Please, ald_out_Figure 2-3-4. this
-doe,

34
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)421eeking That Objectives nitary

Looking -at Figure 2-3, you can s"-thai if any objective given as
input to the art development process is lacking one or tore of its- main
parts -- perform, conditions or standards - -you cannot begin. to assess its
adequacy. Instead, you roust send such incomplete objectives fact through
channels reqLgast clarification. If ycitu think you CO fill in the
missing parts of sta. objectives,, you may do so, but send then bad; for
approval. Ain you have received clarification from,the originators of
the objective(s), you can begin to assess their adequacy. ,

10.

It is importatt that the objectives you use to develop a test are'
unitarythat each covers one task only. It is much rare difficult to
write test item for compound objectivesthose covering more than one

_task. Figure 2-3 shows that if youobjectives each over only one task,
you can proceed to the next-step of assessing their adequacy. However,

any compound objectives must first be broken down into unitary objctivei
before proceeding.

.16

To check that objectives are unitary, you should examine the parts
that describd the performance. (Remember, this may be.libeled as "task,'

eti.). So, looking at the performances called- for in your objec-
tives, ask yourself the follokingquestions:

4) 4 Does each objective, call for pert)ormatces.pn *just one task?
*
r -, Are all tasks independent? That is, successful performance

on one objective does not require successful performance -on .
-,a preceding one. .

. If your answer to either question is a definite "no.,'`. your objectives
. are proteably not unitary, and need to be broken down into unitary ones., Do

this by tCarefully subdividing theca as. appropriate. Be sure-to seek veri-
-so fication, though, by Agraitting your list-of unitary objectives through

channels -to. their criginatori, I --- 1.
4. I

.4 4 . R. /..'-''s , .e

- aememher; when subdividing onmpound objectixes.into unitary ones,, all
that is broken down is the "task' (performancel/part of the corapound objec-
tive. Each unitary ob'-

, mcj comp o j
will include the"same Standards

as s fled in compound Nrwhich it -irs'deriv . - tit

Let's Took at a couple of examples. 1rilst, here are the peiformance
parts of three objeatives, each of which ar unitary:

rm activities for, azintenante of 4e SP:Howitzer
fled in the operations .and maIntenance, manual.;

246
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2. Affirm the appropriate before-firing Itities for the
SP Howitzer a;s specified. . .

3. Perf6rm the ne ssary before-opeation service activities
on the SP Howltzer as specified. . .

Mote that each Of t hese ?objectives covers a single, separate task:"
-(I) maintenalve task, (2) set-up task, and (3) service task. Each task

is relatively independent of the others. Consequently, there is no reed
to break these -objectives down any futgr.

lbw consider t.e following objectives which rea d in part:

1. Treat for hock. . .

2. Treat for nerve gas inhalation. . .

3.- Administer iLouth to mouth resuscitation. . .

4. Control,arte al bleedini.:), ,
,.,

- _

5. Give first ai for burns; chest wounds; abdcaninal wounds;
head, face, an neck wounds; and -open arm 3rd open leg
fractures. . i\..

6. ,Correctly apply tourniquet and cOnstruct a Jitter.
note that objectives five artird six call for performance on several different
tasks, while the other objectives concern single tasks. In addition., ,there,
is a lot of overlap - -lack of independence--among objectives: For example,

controlling arterial. bleeding is a part of what must be dcirie in objective
; five, awhile treating for shock 4 probably, cormon to all objectives.

:"

. If one were to try to makq the above six objectives unitary, it mighi
be done as follows:

1. Treat for nerve gas inhailla :on.

2. Give first aid for burns.- .

3. Give first aid for chest wounds.

: 4. Give first :aid -fOr- abdominal' wounds,.

4. Give first aid for Bead,, face and neck wounds. .

- *

Treat opeg aropand openTigfracfi"retibl-e6dilfg-,-cannot-
be contro1led1Sidirect pressure, digital-pre sure-to

pressure points, oreIevation).

I;
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7. Construct a hasty litter.

AdtUinister mouth-to-nouth resuscitation..

Now the otijeitives are more nearly inkpendent and.cover separate, singletasks. Mope that apply- a tourniqtet is incorporated in objective six--it is not really a separate task; it is a norMel part of treating compound
fracturesIghere blood flow cannot be otherwise. controlled. Ai50 note that
objectiVes five and six may each seem to cover'several tasks. They reallydo not: first..:aid- for held, face, and neck wounds is one task--Procedures
don't differ... The procedfrres for treating open arm and open leg fractures
are also the same.- !11 tasks covered in the original six objectifies arenow covered in a unitary fashion' y the eight new objectives. No Per.-
formances have been changed --only -broken down into unitary performances.
The conditions and standards for each objective Kill remain the same.

Checking for Clarity of Pain Intents

The next check is to ensure that the rain intent of the objective isclear. To 6 this; look at your performance statement for the objective.Then aslycurself:
' **Toes the performance statement call for that performahci which itdenonstrates the objective?"

a.

If you can answer this question affirmatively, the main intent of yourobjective, is clear: if your answer is ono, perhaps the-perforWancetalledfor misses the main intent-of the objective, or possibly does net provide
-directly observable performance.' in either-case, you should make sure thatthe main intent itself is clear and is _defined operationally.

Here are some examples Of perforrnahce statements in 'Which the mainintent is a clearly specified., directly obset=vable performance.
)

tross a wire_ obstacle. 4 .41 The perforpance called for is crossing- a wire obstacle mid that js the main intent. Crossing the wirecan be directly obstrved.

fUnlocrthe security Container. . Unlocking is directly obser-
vable, and the objective's main intent is that a person be a eto uNk the container'. -1/2.*

37,
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Mere is an example of, a performance statement in which the rain intent
is clear but the performance called for is an indfcator:

"Circle the picture of the'proper shears to use for tatting
atarryed fine in sheet netai.

'Circling the picture is the performance called for,' but Certainly not the
main intent of the objective. The main intent is clear, thoughknowing
.which type of she.is to -.use for the task. if thp objective wanted the
individual to know witch type of shears to 4se and how to use thm, it
might have been stated as follows:

"Given five different types of shears, select tpa proper.
shears and cut a curved line in the piece--of sheet metal.'

In this case the rain intent of the pefoipance is cutting
a curved line with the appropriate shears;i.there is no
indicator.

The following are examples of performance statements in Which the dein
intent is unclear and no indicator is provided:

"

"Be aware of--techniques- for setting--urr7a-drop One.- .

., _

'being aware" of something is vague and ambiguous.. fitie could a trainee

show that he is 'aware? What action.is called for? Does the objective
"want the person to be able to set up &drop zone, or supervise setting up,,
or teach how to set up a drop zone? You can't tell from the performance
statement because the main intent is unclear. Alto note that there is no
indicator provickid which would tell you how to measure "being aware."

*Dmonstrate an Understatiding of tti. e differences between
- treating a simple fracture and a -compound fratture.

As in the preceding example, intent is unclear; you don't yeally
_know the purpose of the objective.t,Are you supposed to, find out if an
individual can treat both types of fracture, or are you supposed to see
if a person. tries to treat a compound fracture like a simple-one? You
can't tell. Alto there is no indicator to help you figure out how_you
are supposed to treasure the "demonstration of an understanding: " So you
really don't have any idea of what performance is called for, though at
first glance the. statement may have, 4ppeated.to actually state a Performance.

oknaliy-s- let's look at some examples of pftrformance staidibents. with
clear _indicators but with unclear main intents.

It is important toknOw what the main intent is, even when there"
is a clear indicator, otherwise_you can't know whether the indicator
is really acceptable because you don't know what_it is supposed to
indicate. -

-



Consider this example: 1..

;

*".Place a check nark 11,04ide the part numbers of the parts needed

to. replace the brush assemblies on the 45 KW generator. . ,

= Note that the indicator is perfectly clear but that the rain intent is not
readily apparent. The raip intent could include any of the following!

4,
*Be able to.seleCtthe correct pails for replacing genirator bTushes.

Be able to correctly read and inter net a list:of part nimbirs.

?Be able to fill out a request for replacement parts.

Bei able to stint parts needed for one repair task from parts needed

for another repair task.
.

.

So you really don't know what the indicator is supposed to indicate.

look at this example:

aDmonstrate an understanding of good briefing skills.by listing
- the three rain parts of A briefing... .'

Here the indicator is clear; it calls for an observable act--listing. And
it might sound like therein intent is clear. But is it really? Does .

"listing the three rain parts. of a briefing" Aeaonstrate an understanding
of good briefing skills? Listing the main parts of a briefing only indicates
an individual's knowledge of such parts, not his ability to conduct .a
successful briefing nor even to recognize whether a particular briefing
is organized in three- parts. Although the men intent is stated, it is
.not clear- In any case, the indicator-doesn't'eVen teen to be in the same
ballpark. The point is that you don't really_know what the main intent
is; and the indicator doesn't give you any help in interpreting it. Naybe
the indlcator is the perfamance.that the person who wrote the objective
wants measured and the rain intent was just poorly stated. Or perhaps
the indicator is poor and the main in should be clarified and supported
by a different indicator.

/
In summary, the performance statements for any objectives frociwhich

you have evel a test must contain clear main intents. If the intent

c alls,for a r mance that,is not directbvbseriable, an Appropriate
indfrator mus be provided. When you cannotbe sure what the main intent
of an objective s, it must be revised,, clarified'eAd.apyroved'before you

. begin%the next, -ck.

39
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Efsuring That l'erformance- Indicators Are
--Directs-and Part of the Thai:zees' Retertoire-

of.Behavior . .

1

Figure 2-3 shows that if tha rain intent of the objtive is clear,
you must next ask whether it is overt or covert. An overt main intent is
one which' is observable and measurable.- In the preceding section, the
examples of "cross a wire obstacle" 111'"unlock the.security container:' .
were_ overt main intents. Overt main intents do not require indicators:
They already tell y u what perforrance is called for and how to measure it.

Covert rain intents require indicators since the performances they
require are not directly observable. A covert main intent tells you the
unoSservable performance which the objective is about, while its indicator
telit. you how to measure whether or not an individual can perform it.

If your objective's znairk'iq.ent is measured through an indicator, you
tfisoct make sure that the indicator is appropriate. A good indicator-is:

Simple.. That is, it 'is as uncomplicated-as possible, You don't
want the Main intent obscured by an-unnecessarily complicated
indicator.

. Direct. Indicators are used when the performance called fo, by
the main intent of the performanie stateaent is either pot

9 directly observable. or not practical in the. testing situation.
But the indicator should be as straightforward as posstblh-.-. It
/should al w you to determine whether or not the:main intent
has been atisfied without your having to go through chains of
inferenc

Part the trilkietzzi2 nur4nal _reo ertoife of-behavior. The trainee
should be able to perform the indicator behavior: The. indicator

behavior itself is not what you want to train di-. test. You only
use-it as a measure of the main l'atent. So it is important that
tie indicator is simpler than the main' intent and that the trainee ,

can do it. If the indicator were not a part of the trainee's nor,"
Taal repertoire, you would be measuring two things--performance on
the indicator and performance-on' the main intent: ."

.

Let's analyze-isOhe examples of indicators to see if they are as simple
. . and direct as passible, and part of the normal *I5ertoire. Here's the

first example: . rN

' ..-
- ,k-- .

"Shos4that you can recognize the major hon-drstf the human
skeletal system-by drawing a picture of each bone beside the
names of the bones grovided. on `a mimeographed handout."

40.
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- ..- .i.... . .
Okay-, recognizing bones is the mairrintent, while dtawing.fpictares of

bon.. is-how yr4 indicate recognition. Cr singwpic xres of hon- is a .

_direct inditcr in this case, since if a gerscn can draw the correct

picture n._:t to- the rare of a bone; know he can r-ognife the bons

you don't Ipve torake any inferTca.- Eat drawing a picture is notch e

n....,.. simple indicator., gorse yet; drawing a tone yell enough so tha an.'

-ft m.nniner could identify'it is not a part of the trainees naval repertoitt .

unless the trainees trapp:41 to be skille.:.3. illustrators. This, Teeri=

t.. 011.11d fail to satisf y the objective because he can't draw well, not because

fie- 'Can't recognize tht-,-bone.

- *ft i,

in fact, the indienor is a poor One for another reason: The rain--

intent is to recognize banes but the indicator requires the person to

recall urat it locks likfl'then draw if.

V/P' A better indicator for this-rein intent would be v. . .by writing the

-Ilarerof th'e tone next to to picture of the 5one" orv, better yet, . .by

loosing the correct name from the list prioyidW and writing it next to thi

pittuie of the bone.;' (The pictures of the bones are_vided on a
mimeographed handout.)

low consider this example: - .
st-

Alr

ei3;,.. able to recognize properly filled7out and Ir.:properly ctaileted
orders.. Show your ability to do this by writing examulesofAach."

. - . .
The indj.cator. is 'by,- writing examples of each." This InditatOr appqars to
be rAit4er sis.21g 'nor direct. The performance called for is a ample); one-:.
writing orders--and you would have to infer that an individual could recog,
nize properly and iMproterlY filled out orders based on. his ability to
write examples ot eaa. In adflition, the indicator'beheivior required apprs
-to_ be core diffitult thail the behavior-that-tilt main intertis concerned

to discriminate between properly filled..0 girders, and

those Which ve not been:properly completed. Thus, the indicator is less
likely to...hp a part of the individual's repertoire than' e main intent;

this is .eoctly the opposite of the way things should be. : -*

A better indicator would be ". . .by sorting

,two piles--those that are properly filled out_and
this case,alrge individual has to do is sort doc
direct indicator of ,ability.to recognize groper and
This indicator would also be well within the nornal

- of rartrainees.

9

4a liw
pxamples of orders -into--440,-
cho,se that -argnit.' in
Obdrits--2 s,icple and.

in *Per docwaents.,-
behavioral, .reoartoires

.
41=
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In SlIalirj, if tke mita irt-it of an obiettiire is or= --not eirestly
"2neaturab3e (for whatever reason)--you S'noild cbeck to be sire that. an
a.Pprqpriate indicator is poled d. Such an "indicator will be as simple
and direct a an *ire of the in intent as possible, and will require a
behavior which the trainee is easily able to per rm. :., . Amilift...., .,_ 1

i . . ..-
..0.1

L'Gdee
_

If i-ndicators are not adequate--becZnse L-4ey areaspotOmple or dire -.1.. ..
enthgh, or not a part of the trainees neal rep-toire of behavior--oro, -
-if necessary indicators are iritsing, yOu may rirrilify the indicators cr .'
create new ones. Ee sure, thoh, to have them approv by the objective
writer. If you don't feel you can properly modify or ate a new indicator,

A you 4sholld request improved indicators. 1,.."4Jen the ne.csary indicators are
-revis&land approved, proceed with theawfinal check on the adeoieey of yo-Jr

objectiv-. .
:1 i

v
.

. ,
!.... Chea :ing That: Performances, Conditions. a-nd Standards

. are Saecifie in Precise. Operational Term

. The till] cheek you should rakg for.an objective is to ensure that
the state rents of pertiormance, condititns and standards are written in
preci5e, operational terms. This ta.=2ns that each statement should, be
easily ;translatable into act ions. Top have essentially already done this
for the statement oPperfortranee by checking for clarity of the main
intent and appooppiatenesis'of the indicator. 'A fixtber check on the
perforrance'statement oh your objective will be helpful -at this point,
thouh.

Ake

4,...... take sure Plat the statement of uses a specific,, action
verb and you've about .won the kettle.. Figg.re 2 -4 shows. examples of verbs

L often found in the perforranc%statements pf objectiv." The left half
of Figure 2-4 thorn examp)es of lion-action verbs whith generally are not
suitable for perform:nee statements. The right half shows examples of
action verbs which maybe 'suitable: Of course, it is impossible to list
all appropriate action verbs or all inappropria0 non - action .gerbs.

_ -
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Nom-Action ierbs

Ap;sedate

Be amare 07

Be families- uritil

Feel

,

KnoW '

-Understand

Specific Action ieebs

_

Brake

Check off

. Label.
.

,

- g;TESr
.,, . .

State

Tarn '

Figure 2-4.

I

Examples Of ierbs Often Used to
Specify Performance in Objectives.
(Only those on the right are
really sui ta0 e. )

Sometines wilat sounds like an action verb- may not be suitable 4n a
particular context, and what appears to be a non-action:verb may dpi to
Oserwable actions. So, use Figure 2-4 si y_ as eiamales of non-action
and action ver's. If the ,verb iri a perho _ state-oent is more like
'those On the left side than those on the ri -nt side of the Figure, the
performance is probably not stated in terms precise or coerational enough
for you to "Ae. But alleys examine_the verb in the context of the state-
ment of performance and determine if it is as soecific'an action verb as
possible.. .

,

4 .

2 Statements of conditions and standa;ds must also be written in precise;
... operational terzs.'4' If they are not, you will 'not have enough information

to build an adequate test. Figure 2-5 shows examplis -0f statenents.of con--
ditians and standards, some of which are specifiid in prgcise, operational.-
tprms, apd see of which are not. The column on. the left shows what the
standard on conditions ire supposed to say in certain objectiyes. The - .

right column shows how such meanings could be incompletely. or.incorrectly
specified. Note that properly specified statements cf conditions will tell
lire all you nes i. to know in order to set u0 the apo_roPriate conditions for
a test, Standards rust tell. you as Precisely as possible how. the in4ividual
will be scored- -about hplf is not good en9ugh. You, the item )friter.raust
actually determine how, to comply with the standard when you write an item.
For example, if the objective calls for 20% occuray you must decide whether
this malls 4 out of 5, 8 out of 10, 16 out; of 20, etc. - -based wod your

. astessments of the requila.lants of the situation, arid'of--1.--tre-resources
available. Also note tthat, at first glance, some of the poorly specified ,.

conditions art standards might appear adequate.,
.

Ar.
. . . .

. - 42-. . .
..

.t ,
I
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If The CsmditiOn Cr Szndard
Is Lnte:rded To State: --
_

*Given a 45 Kii generatcr with
- a brcken shaft br . .. .ing

* - ,, .t...-r3r-r ardirasy field_ cipn-

1

Then This Is An 111;112p?-flY
_

_
Sp i ied Statemnt.

GiAt. a Mal functioning
beneratcr. . _.
. . cede oriinary
conditiOns-

. . -ming ..--;rzpri.s". ze
test equipzent
.

. -king_srOper -
preca4.4 o't'''

ditio in daylight

.4. . - ...using a arultimater and
signal s;enera tr:r only

.
. . -without getting glue on
the morale si.mfaces

=.27
IS

Z
4.,
VI

-.row
. -following the best

sequence

,inn slide rule, multi:-
ply two five-digit, UM-
dninal place nuthers and
record the- chrreceansIver

-following tiee sequence
specified in the Field Artillery
Rocket Crerman's SVART bock

*Using a 10" slide rule, multiply
five-digit, two-declual place

nT i rs and write the answer to
the n rest tenth .

. . . typing at least 6D words .

per znipit.e corrected for errors
11.. . ..thf steak should be li

to iii um pink in Vie al:riddle
. --. ..

.

. . ..4yping at a crick
rate

.
_ I

..

. -. ..the steak sjtooldte
of an acceptable color in
the Addle

.- . .. . -
Figure 2-5. Examples oar Statents of Conditions-and Standards

.

You shayld sk yourself,- 'Does it really tell ire all I need to. know to
establish Proper conditions or primer standards, or will I have, to SupPy
information onsta.ndards and conditions rayself3 1f your answer 5s th# <4-
you'll have. to suppfy inrorratioi3 or fill in detailiett-, Thee the cram -.
diticins angl standards are not specified in.precite, operational .terms and '
you won't-be aLle to use them. if you. tried to use them, y.64'4-11111' the risk
of going throuh a tot of effort acid ending up with a useless- ijes:t-

4.,
r

vote that apps prig conditions and standards are often 'elated ..
the level of prur objeptive-"-that is, at ghat level the objective specifies
perforzance. 'For exeripIes Leifel..One objective may be to repair any
malfunctioning generator. In this case 'give a malfqnctioning generator"
is an approprjate statment Of conditions. If hpkiever,,, the objectiya is,
to repair a 45 131 generator with a brokel) shaft bear/ malfoctiorring
generator nay not conform 'to these- requirements, and there ore wouifi be
an inappropriate condition.

-2-19



men yo review ob.-;--tivela.-if you find some that do pot have tasks,
Conditions, or standards specified in operational, precise term; Vr.1.4 shoad
not croce_g with test develoonert activiti. Instead; send th lnee..eq.ate
objeive back .to its criginat. loci should at4-3.ch a sue. to each
inadequate objective sp.elling out-What is wnorrig vrith it., and 40,44 you cannot
develop a test -for it until you receive clarification. (Se sure you are
rot-nit-pickipg and that the objective really doesn't give you eho4h
linandtiqn.1 Then, wait until you receive sLc_h crarificliticn before you

n the next step oftest developrent.

tursery
s

s

4
Let us review what you, have done so far. 1.:p to this point you have

examined the three parts of yozir input objectives, rad e sure that all cb-
jectives are tmitary, ensured that.their rain intents are clear and that
appropriate indicators are csed when necessary, and have chec ked to see
that all parts of the objectives are specified in precise, operational term.
Whenever a. check. has revealed that an objective is inadequate you have
either modified it and sent it back for approval, or docuirented the protiler
and sent it back for 1-evision. Objectives ye have been considered inappno-
priatie for one or more iof the f9llowingreasons: ..

--

e
*One or more of the objective-4s -three parts were 3rissing

*Arrobjtive covered more thal one-separate task

Titteirt as iinclear--;-

Indicator was improper
'Is

411

.

Per4lormances, conditions or standards wbre not specified in
_precise, operational tkrrs.

-111.
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.MAPTER 3

10EVEI.OPING. A TEST PLAN

how that you've assessed the adequacy of the objectives on which your
PIT will be based, and modified them as necessary, you are ready to plan
the tint itself. Develcptng a test plan is an important step in CRT con-
struction. In this step, you consitrer factors which will enable you to
construct test item based upon objectives.

Figure 3-1, which folds out at the end of this chapter, shows the
sequence of operations, involved in developing a test plan. Please fold
out figure 3-1. First, you %examine practical constraints, such as tire
and ranpower availability, to determine if they. affect how the objectives
are to be tested. Then, if such constraftrts are prpblens, you rust decide
"how to proceedeither by developing a_p_lan for selecting -among objectives
or, If that is not workable, by rodifying object=fies. Next, you-plan the
te of items (item format) to use in the test, and their level of fidelity

lisra)." Then, if necessary,. you develop plans for item sampling and
for saipling among conditions. Finally, decide how vany items should be
included on the test, and document the entire test plan. You then can use
this plan to guide you in constructing a pool of items - -which is covered
in the next chapter.

iXAMINING PRACTICAL CONSTRAINTS

Now that you have checked your objectives closely to make sure they
--are adequate, yotrvust-exaarlirE-thevriZi --fe e that they are actualry-
trabile. To do this you need to take into account several different types
of practicaLl constraints by ga thering as much information as possible on
test administration and training conditions. Practical constraints include:

Time availability

Manpower availability

Costs.

lquipment.and facility availability .

0

:-
Degree of realisi in training and degree of realism required in
testing

knd others



Note that thne types of Constraints are all interrelated... For exanple,
time availability, manpower availability, equipent availability, and
costs afm often all different aspects of the sane problem. -

few

L.

The first type0 practical constraint, time availability, is easily.
understood: Often the situation is such. that it is impractical to test
the objective as it is tat- in the available tine, Perhaps the objective
is 'March 25 miles- through rushy terrain daring inclemelt weather conditicms
in 12 hors' or 'Watch a radar scope for enmy blips for 14 hours, main-
taining prow vigilance as indicated by detecting the three simulated
enmy blips presented during the interval." got of these examples would
take inch too long to test practicably in most situations. These objectives
ray Have to be modified to permit testing in less time. In general, time
lindts rust be placed on test administration, which in-turn may limit the
objectives "being tested. Sometimes there are several-cbjectIves which,
if tested, would takLmore tine than is Available. in such cases, it may
be possible to seleaanong these objectives without having to modify them.

Itnnower

Yznpower availability can also impose practical constraints. For
6:ample, if under normal conditions, it take's 4 men to operate a main
battle tank--a commander, driver, gunner, =arid a crewmaniloader---and you*
want to test a class of assistant crewman/lceders under normal operational
conditions, then personnel trained in the fictions of commander, gunner,.
and driver will te required for the test. If these personnel are not.
available, then there IS insufficteint manpower available for conducting
the assistant crevran/gunner test under normal operating conditions.

Often manpower constraints are severewhen -only a few teatIttfministratOrs
1411-be available, yet many trainees will have to be tested concurrently.
-For example, 20 soldiers ray be tested simultaneously in basic first aid
irocedurei by Only two administrators 'who rust thus try to nonitor,the
perforce of ten-individuals apiece. There are many instances in.uhich
an objective appears to call fbr.nore manpower than is availatile-n.suth
instances you may wish to select among objectives,.so that enough manpower
can beavailabTe far te testing, or to modify objectives so that less
manpower is required.

- .48;
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Cost is an important fatter in developing aft.' The cosiiof-
"administrdtion must be kept within the limits dictated by the testing
Ix-Aptly the facility- i.tP_st will telvmd. For example, it mould
be entirely too costly (and. unreasorahle) to have a demolition- specialist
trainee blow up a bridge to test his ability to achieve ziaxinum damage.
There rust be other more practical means of_ testing this objective. If
the actual objective specifies demolishing a bridge, it may well have to
be codified so that the bridge is not actrally-desolished, but the trainees
,denoristr-dte:the processes leading up.to demolition. -

If the cost of bitting all objectives is prohibitive, and if selecting"
among objectives is feasible, then the best alternative may be to test a
subset of them.

Facilities/Equipment

Often the situation is such, that equiment and/qr facilities are not
available for'test administration. This is especially true for soohistt-
cated'equipmelt and, very specialized facilities. 3-or example, how can a
trainee demonstrate competence in escape and evasion in a tropical jungle,
when the testing rust take place in the So4thwestern United States?. An
extreme example of a facility-caused constraint may be firing
down range. At many test sites it is impossible to obtain a range that
is long enough.

, .

An'exampie of a practical .constraint concerning equipment availability
might involve a course on troubleshooting a terrain-following radar system.
The performance objective may include"pranting a bug in the system and
having ,trainees locate the problem and replace or repair the necessary parts.
Ijowever, this radar system is sufficiently complex and costly that it it.
not made available for training purp6sel,and therefore prohipits testing
on the actual equipment. In this case;-equipment availability is a very-
severe practical. constraint. Another example is troubleshooting a computer:
The Aowntire of the computer may be SO cosfly ,Tat---E64-fegate its..use for

training.purposes.' . .-. .._,
.

.

. - , -

If you have many objec tives which would tax facillitiet/equipment le',

beyond feasible limits, it may be possible to select among themrather
than to modify the objectives-. -, -

.
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Degree of Realism

Another import:int practical constraint that may impact on CRT devel-
opmeit is esta "shbrmt Of an acceptable degree of realism in training
and Eider training in first aid: _In .almost all cases of
teaching first aid for an open leg- wound, a patient with such.a wound is
not availMe-exez for observation, let alone practice. A suitable sub-
_Stibite rust be made here, thereby decreasing the degree of realism,_ Another
_suchcaie, just as.obvicws, is training disarmament of live mines. The

of course, in trainihy cu& i.ever-live;therefore, the training
conditibns are not very close to the real situation;

A high degfteofrrealisia in testing is also similarly diffieult to
provide. In testing basic marching maneuvers associated with the drill
and ceremony tompobent of basic training, a parade field is necessary.
The degree of realism in testing decreases as the direhsions of the testing
field differ, from a standard parade-size field. How real are the testing
condition's if a 4Q-ft field is being used? Another, example involves .

testing trainees on detecting and challenging intruders.. How real is a
testing situation where the test administrator jumps odt at a trainee
while the other trainees wait within hearing distance for their turn? The
clegree,of realism sCould not differ from training to-testing.

There are other practical constraints whiclitnu may encounter in the
development of your tests however, this section h%s covered the most
common ones. Less common types of practical constraints include:

*Logistics

Supervisory effectiveness

Conraunications

.
Ethical considerations

Legal considerations

a

-

:Remember that in onst cases constraints are interrelated. As you'll
recall, the practical in the exatpleofAhe-terrain4011owing
radar system was categorized under equipment availability. This constraint
could altp be categotizekrunder costs., Another instanceolfihterrelation
was -in the example of the 40-ft. field being used for'testing bask marching
m4iieuVers. Not onlyWasthe.4egree Of realism low, as indicated in the
example, but the objective was limited.by facility availability.

3-4
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Potential Sources of _Data

'Information on Practical constraints can be:obtained from a variety
of sources- One source is currant documentation on test administration
and training conditions (such as Army Field Yanual 21 -5, TRADOC Reg 350-100-1,

TRAD0C Pam 600-11, ett.). These documents are good sources for urrent
procedures in this area, but more direct sources of informationon traiAing/

testing situations at specific locations are pfeferable. Such direct
sources include personal experience and observations, and the observatius
of your associates, especially those who have given similar tests before

at the same place. The best single source of information on practical con-
straints at a particular site, is a visit to that site. Ifopossible, you
should arrange to go to the site and observe first-hand the availability

of facilities, equipment, and manpower. While there you should talk "with
personnel who conduct training and testing to find out core about time
availability and budgeting considerations at the site. ,

Other Sources of data may also be available to you. Use your discre-

tion and ensure that this information fs accurate.

Assessing Practical Constraints

After you have identified practical constraints, .you must determine

whether they are severe enough to prohibit testing all objectives as

. stated. As, you have probably noticed, some constraints "may be very strong,
while others are relatively unimportant. Each must be considered' carefully.

Some constraints may be so severe that they necessitate modification of the
objectives, or selecting among objectives, whereas other constraintsmay

be easily overc.

As you can see -from Figure 3-1, if practical constraints do not con-

strain testing Of all objectives as they are stated, there is *no need to

either select among objectives' or modify objectives.

However, if practical constraints prevent testing orall objectives

as-stated, you will have to select among objectives or modify objectives.

First deterqine whether it is feasible to select along objectives_. It often
is- feasible, unless objectives concern critical tasks..

..-

When your objectivet concern critical tasks, you should probably'
not _select among them. That is, ifsiisperforrante could lead to

loss of life, property, qr mission failure, y.ou should be sure

-that everyone-can meet every objective-. 4

...

- constraints: Sometimes selection won't overcome practical constraints
Then. determine if selecting among objectives will overr.orne Practical

- . .

_ .--
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since it is possible that any one objective, as staW;-would overtax
4,resmrces. SD, before decitiing to- select "atting-objectiires, rake sure

that doing so will solve -Val corsfraintS problem,

'Selecting among Objectives

_e

If it isfeasible to select among objectives, and doing so will over-
come practical constraints, then,' instead of modifying objectives--which
run; the risk of distorting their original intent--you inc.jude,objectives
as originally stated, by selecting among then. Don't inform trainees
Which objectives you intend to test, however. If trainees know they ray
be tested on any objectiv.e, but don't know which, they must prepare for
all of them. let's look at an exa.mfrle:

Suppose we are ddveloping a CRT to use in evaluating pie-raking-7
ability in a food service course. Assume that there are 10 -testable
objectives. Each involves being able to bake a pie -which is rated as
adequate by tiffee independent judges. The following 10 pies are taught:

Apple pie

Cherry pie

Peach pie .

Blueberry pie

*Coconut -cream- pie

Pecan pie

Raisin pie

Black raspberry pie

Banana -cream pie

Lemon meringue pie

now, assume that the training lasts 10 hours (1 hour peri_pie) and
-that-100 students are to be tested. We have two hours available for our.
end-of-unit CRT, It is prohibitively expensive to provide sufficient
ingredients for each student to bake each pie. Here is.a case, sere we
might legitimately select_ among objectives in _developing CRIB, _rather thy`
tetting on each individua objective. Thus; trainees bight be tested nO

their ability to prepare only _two pieS (one fruit.type and one cream type).
This is an example of "stratified' selection among objectives. One
is selected froM each Of two strata. if all pies were of,the SaMe type,
there would be no strata, Ancl- any objective could be rindomly selected.

52
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Similarly, if an electronics r-frp.Orman was to be tested on his ability

to fix radios, ossilloscop, and Ogre] generators; objectives night be

selected randomly from among ties?' three strata. Thus, he would be tested
on repairing at least one radio, one oscilloscope, and one signal generator.

In any case, it is4important that_the:trainees not know which particular
objectives (which pie, whim radio; etc.) they .14-11 be tested on. They
rust be responsible for all objectives.

Two important aspects of selecting among objectives in CRT development
are indicated in Figure 3?2,

Men selecting-among objectives in CR'T development be sure #tat:'

The objective or objectives to be tested are
chosen at randoes from the entire population
of "objeEficsilable for testing

The students to be tested are not informed
of the -sample of items selected for. thing

; Figure 3-2: Guideline for Selecting Among DidectiVes in
CRT Development -

Re her, if you select ng objectives, you can only gTar.antee that
trainees can perform objectives on which they were tested (arid patSed).t
You can also document the testi g procedure to inforb people that trainees
were responsi all objet Ives, did not know which they would be 'tested
on, and had an equa ante be tested on any objective (since you select-
ed at random from among tne objectives). As noted, this is not appropriate
for critical objectives, 'but it will be satisfactory for many others.

I

Document your plan for selecting among' objectives so that yoti will
have a 111-cnrcLafincto do it When you build your test. "Documentation
might simpTytay:. 'Select randomly any two of_the five objectives, or
(as in_ the case of the pie-making _example), "Select any oge fruit pie

. randomly, -and er iy-onefreara pie randomly. °'

. .

Modifying Objectives in-Light of Practical Constrai'nts-

n_light of the constraints fotnii, objectives may haVe to be Modified.
- -Consider the three parts of objectives discussed earlier: performakes,

Standaids.and conditions. Performances should not be-modified unless abso-
ititely necessary. .54ln-dards, oh the other hanCliaY be modified.
'example.. you tay-have to lengthen or shorten time Mitts for testing. In
many cases you find 'it necessary to rabilify conditions, such as settings,
locations :ett. Assess-. each constraint, separately and modify the objective -
as- requi4d. Modify as little as possible to make theobjective acceptable
and acturatt, but still _apptoki4te for testing.

,
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Now let's look at an en.nple of a situation in utrich you would have
to modify an objective because of practical constrairft in the training/
testing situation. are 4s the objective:

*Given a complete field kitrien set-up, the basic cook trainee All
prepare a standard dinner rackl for 250 persons under'tactical forward area
riess_ctar4ittions. The meal must be preilared within 3 bouts, and the student
mist _follow hygienic regulations as specffied in the POI for Ba.sic_Cook.
The trainee will have a food service apprentice under his sOervision-
Rood_srill have to be prepared. with a minimum of noise. and light, and nor-
mal perimeter security regulations must be observed,. The meal bust be
rated as satisfactory by three judges whore have held the HOS for
Basic Cook for five Sreart and have been first cook format least three years."

lis You rake a site inspection of the where the testing is to
be conducted and find the following facts which you feel are potential
practical constraints: - -

T. A test range equivalent to a forward area is nom= available..
--.

2. An average of 14-16 men are trained at once for the basic cook
MOS. Total test time available for the field kitchen unit is
12 hours and must include tests of setting up the field kitchen,:
maintaining equipment and preft:ring_morning and afternoon meals.,4

.- .. - .3. The training budget will riot alio/ for' food for .feeding.-250
people per testfood _cannot be wasted. All food prepared must
be eaten according to the SOp at this facility. -.

-
..._

4. Three cooks, each with thfee years experience as Pfirst cook, are
not available for testing purposes. Only one such individual is
available.. There are several other cooks availahle;but none

-has served as first-Cook, .

5. Only three test achinistratori are available.

.. Only two field -kitchen set-upsart available.
."Considering the above information on _practical 4)nstraints, it should be

obvious that the objective must be modified before a test can be developed
which will be suitable for -,that facility. The question isd'how can the
objective be codified so as to ,not violate its intent?" Let's consider
the types of donstraints'and,analyze how they affect the objective,

4

al

. .

facility arid_eqUipmerit,constraints db not appear important:
There are two'field kitchens available which should be ample. Although
there is no test range-sfrailar to a taCtical forward area, sucjian area -

can be Simulated., The simulation can be made More realistic by playing
tape-recorded "field" soundi (a rti 1 I dry, fire bursts, etc.), requiring



,i's ' r7 -I.14.

minimal cocking sounds, and mairraining minimum lintirvg. The resulting
loss in fidelity.should not be critical in Ole situation..

Yarpover. constraints do appear serious, tholtgli, on several counts.
With only three test administrators; it 441 be hard to determine whether
trainees are following _specifii hygienic r'egulatinns. Another manpower
constraint has to do -with the three cookijudges specified 331 the 'standards('
portion of the objective-only one such cock is available to participate.
The. ejudges mahpower constraint' can be disposed of now: The-objective's
specifications for judge; are probably too rigorous. They can be relaxed
wythout seriemslyr affecting the intent of the -objtive (mgaktirig the

inees' ability,to prepare a satisfacbary 311),./ The objective could be
modified' to read "...rated as satisfactory:by thriee judges currently

h lding.the ROS for basic cock and all having at least six mcnths experience.w
is is a much lower requirement for the judges,. but should be appropriate

and adequate for the test situation.

Time consaints-are quite severe. Assuming that the
.
other tests

which must be given 1-11? the field kitchen unit (setting-up, maiertenance,
etc.) will wire two-thirds- of the 12 h6urs available, only four hours
are availabl or testing 14-16- men--and each must be tested on his ability
to prepare a 1 for no people Within three hours. Obviously, the time
constraints too severe to get around by trying streten time avail-
ability-for testing or by slightly lessening the time requi&ments stated
in the objective. But, since time constraints are interrelated with man-
power availability, they can be overcome by manipulating the manpower.

given the two field kitchen setups available, two griups. of trainees
can be tested sat_once. Although the objectiie specified the trainee bgina
tested with a food service apprentice to: help Min, it shOuld riot alter the
spirit of the objective to require the trainee to serve either assuper-
'ri or or*as food service apprentice. If we'morlit. the objective in light
of this, we can now test WI teams of two trainees (one superyik.i and one
apprentice)--one at each field kitchen setup.

haw, the requirement that'ameal be prepared for 250 troops is probably
over-stringent. The trainee could just as easily demonstrate -.his ability
fo prepare meals for large groups by preparing a meal for 10A troops. This
should take only. pout two hours instead ,of three. If we.modify the objet;
Live accordingly, we can now have two teams of two working concurrently at
each field Ntchen. Thus, 16-trainees can be tested In four_flours.

,All trainees can take_a brief written test on planninj evening meals
for 250 troops--qtiantities of supplies involved, scheduling, logistics",
etc.--and ,on managing food service assistants.. .Thus, Aether a trainee
-served as cook (supervisor) or apprentice, he would be tested on planning.
.and managing preparation of ar2,eiteniirg meal fo4250.

3-9
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Finally;. there is a`cost corstraint: food cannot be ItiaStd._ 3a3 3s
not an important .corstrairt, since it -cln be easily ove.rcope. A tote
of 800 troops could be fed from the meals produced by the eight groups

These BDO portiorzs could be served to-ether trams on field
exercises in the area, if scheduling were coordinated. 'Alternatively,
the --;aired food ccruldle trucked to a mess hall and served as the din.sier

--zeal. -*.

It is is helpful to make a table of the conditions and standirds
.-c35j.44ive that re uirs modification in light of practical constraints.
Figure 3-3 shows slid) a fable filled in with "fnformation from the food
ervice exempla we have been disarssing. Note that the tie presents

_the conditions and standards which-r4iire change, 36.11y Ihey. require change,
d bow they should be ch edang.

3 1

Use of a tabular sun-nary such as Fig7re 3-3 will help you organize
information on snodifyiog objectives to overcome orazctical jxrnstrraints.

using a surmary table, you won't lose sight/ the forest by concen-
trating on the trees.

Mere is is how the objective light 'read after modified by praktical
constraints:

'Given a complete field kitchen set-up-, the basic
cook trainee will help prepare a standard dinnpr meal for
100 troops urZer simulated tactical forward area mess con-
ditions. . The trainee may serve as .cogk or food service_
apprentice. A team of one apprentice and one cook will'
,:repare the 17121 within two hours. The food will be' pre- -

pared with a minimum of noise and light and normal perimeter
security regulations will be observed.;"! Proper hygienic'
practices, as specified in the P01 for Basic Cook, '11

be followed. The meal must be rated as satisfact ry by
three judges currently holding the MOS for 'Iasi_ cook and
all having at least six months experience. In 4ddition,
the meal bust be suitable for constpuption, asySpetified
by standard food service regulations, since' it may be.
served to actual troaps."

t

Submit Modified Objectives .

After modification; send the objectives back ta their originator for
approval before proceeding. Be sure to include reasons for modification .

with the modified objectives. By doing this; you,make sure that the
modified objectives are suitable that modification has not distorted the .

original intent of the objectives.

5 5
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Conditivasandi'cr...
Stindards Knich
-74r-ire Change

iv4,7y The Con:NV-v:5.

and Standards uire
Change

H3W to Ibdifi Crx4itIons and
Stmdarts so the$C4rercome
Pratt:4ml Constraints

12.VIlipple
..m7ST. be fed

_

C- only cook for a'
raximcn of 109 Ra:91i,
not 253

1. !b modification, be..ek
procedur- don't &an?
significantly *ben going
;ram lap to a") puaple

-

.

r

-

.

.

Planning a ilea for 1
people is less involwed
--in terns of supplies,
schedbling, assistance
required, etc.than
planning a neal for
259 pecple. .

-- -

2_ it'al:e papSi- and pencil

zest: tiiza accarit

of food and stemsils
for 259

.

. Indicatehow assisUnts
would be Ira.nag-.

--,

.

"master cooksch *.a.npower availability.

cannot get three
highly experithiced
cooksoks

P

- 4
Substitjte less experielped
cooks to do the routine
aspects of the judging.

-

.....

ninth 3 vears_exper-
lende------7*

_

. _

'Supervise one
apprentice"

....

.
Manpower availability

4

.
Have one trainee serve as
an apprentice:

-

.

*Location in for-
ward tactical
area*

-

t'

-

.

Availability of
pou.ipmenttfacili-
ties: ms's oreard tacti-

cal area not available

-

.

Sinulate Forward Tactical
Area:

.

1.. play tape recorded
*field sounds:.

artillery, etc.

2. Maintain RiDiRJM.
lighting, mininal
cooking sounds-

'3 hour tine . Too nany trainees-
to devote 3 hours
to test each one

.-

.

- .

.
t

Test two at a tine for
about 2 triurs eachMAW

- (feasible, if meal is
for about 100 people]

.

2. Have die trainee serve
-.as-an apirentice

_ .

Figure 3-3. Tabular Forx for Stfr4rizing Conditions and Standards -
. that -Require Change in an Objective andliow to Change

. Them(With Sampleinforraticm from Food Service
Example)

.

-
.
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PL1-201ING ITEM FDFIcif AND Lerfa. s multi

Fire constructing your test you will be faced with crues).1ms
of i s format. Do 'you want:

-?aper and pencil

-liands=c n performance items?

tlelultiple choice

P-ecall Treasures?.
_ - /-

*Job simulations?

Supereisorr peer ratings?

;Vi teal ly any of these formats can Ve adapted to any testing situation.
There ray eves be others that are more apprbpriate. Ulrich shbuld you
choose? These are questions involving it= format and test fidelity.

First, let us discuss ve:at we mean by the term °fidelity.° Thi term
'test -fidelity' addresses the extent to with a CRT resembles the actual

objective (or performance) being tested. The more the CRT resembles the
Performance in question, the higher the fidelity of the UT. It is.proh
ably obvious to you that this is one place where practical testing con-
straints have a direct impact on car development. If, for example, it is
top costly to use an actual aircraft for a maintenance test and you must
therefore use a simaulator,you lose fidelity,unless the simulator is
very cauqii like the actual aircraft in thrmis of required performances. To
the extent that the performances required on the simulator approach those
required on the actual equipment, the fidelity loss is minimized. Some
simulators, however, 'cause. a great loss in fidelity. For example, if e
simulator is a series of 35m slides of an azimuth cursor and the per. or-'
mote required of the trainee 'is to check which of four alternative slidet
is post like the required cursor placement, the fidelity loss from-an'
actual operational radarscope is dramatic. One useful test fidelity scale
is shown in Figure 3-4.

01.



Fideliiyievel Types of ratso.oaant
1

c,w Fidelity

.

I As_k for Cpinihs

2 Ask for Attitudes "
3 Meas-4re rnosledge

1
1:measure PerdledEehavior'.
--.

0 1

. _

4 Measure Simulated Po$avier- ... 3, .1...4.

High Fidelity ti 1- tiiaisure 'Reailife Beh-alior
.

Figure 3-4. Fidelity Levels and
Types of Feesurement

.
.

.

Now that you have an idea of what is meant by the tern nfidality,'
yma can see that itm format and test fidelity are closely related. Prac-

tical testing constraints say dictate the use of a four-alternative sal-
tiple choice paper:and-pencil test, for example, because such tests are
simple to administer and easy to score, although the test fidelity may be

low.

A .good guideline for; item format is:

Select the forrat that best approximates the behavior specified by
the objective.

If the instruction is aimed at prOlem-solving, then the items should
address problem-solving tasks and not, for example, knowledge about the
reOired background content. If the instruction is intended to teach bow
to evaluate a particular perfolakince, the items should be atkr evaluating

that performance, not.actually doin.:,that peeforaante.

Item format and 'test fidelity are difficult issues- Follbw thevide-
line in the Sp; above to the extent.possible, consisted; with pricticarcon-
straints. Use a format,which will permit the highest level of fidelity

Practicable. . .



Basically,' it is easier &eels? high cadeliCy CRTs for hard_ skill
subject aratter areas (such as_electronlc maintenance and.artillery fire
direction oorgout&) than for soft skill areas (such. as leadership and
tactics). This is because. hard skill areas generally include P'es
which are ECM easily specified terms of concrete behaviors.

Typ.-- of rte for Written Tests ,,
Some objectives can best be tested by paper- and - pencil item. Such

tests am usually printed on a form with spates for answers. Paw-and--
pencil items .c-re best suit. ed for evaluating knowledge, abiiity U: use
information, problem-solvitia, and written computatipns. 1 my are some-
times used as. low fidelity m_nsure.s cif hands-orr performance skills.

Written test iterrs'ic rain advantage is that they can to-4,en be easily
scored (indeed, in some cases they can be compiler-scored) in contrast to
per forrranoe test item-where scoring -depends on the test asIministratorts

,obsenetions. Therefore, critter its-rs are often relatively reliable
measuresthat is, they.measure approximately the same thing each time
they are administ.eted. Performance test items, while often less reliable,
are usually. more dwronstrably valid measures --that is they ,are more likely
to measure what they are supposed to measure. Written items sbeuld be

.used in performance testing only xfien the performance itself involves
writing or when practical ,Constraints -(such as time availability) prevent
selecting among objectives.

. -

Ths;zt

re.several different types of formats which are often used
for wri test ite-rs,--iiicluding:

Multiple -Choice itgra

/latching 'Was

Ccapje.dion items

true-False Reit

Production items
AP

Multiple-Choice items can be adapted to almost all types oi written
tests. The standard best answer (but not necessarily the only correct
answer) is included in the test item itself. This type of item is versa-
tile, can take a ,variety of different forms and can be used to test differ-

- At aspects of knowledge.

-60
i-14
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Matching itens generally employ two colurrs of eItreols. The studett
is typically as o retch one cilom=rt from the firat list to the cost.
clostily related element in the second list. It is prlgferable to have

_different rumb--Js.of elemeitk in. the l srs to di' courage the s' de from
usinga process of elimination when be gets down to the last match.

Completion
that requires a
pal blarYkc that

care in writing
rake a sentence

"-
'items may core in J:wro di: fermi forms: line being a question
short-phrase answer and the other having one or rpre inter-
rewire single words .or short phrases. You should use
this second type of completion item--tco many blacks may.

ensible.

True-false its have man disadvantges:

Many tiles such item are built_earound sentencesichtch are lifted
verbatim from training materials (perhaps only changing one ward),
which encourages memorization -

Often it is difficult to determine whether ite-ms are true or false
.when thesentences are out of context.

nigh scores" can be obtained by mere good-cues since there are
ohly two possible answers -.

good rule of thumb is to avoid true -fads- test items'enlirely.

Production items ('essai"-items or oral exams) should'also be avoided
due to their subjectivity. There are marry ways.a student can express an
answer to this type of item which makes scoring eXtremely difficult. What's
worse, an lndividteambo can express himself well in writing or orally has
an edge over the individual who cannot, regardless of their relative achieve -
ment -on theubject ratter.

Some general advantages of using written_testsTinclude:
,

4rfasy and 'reliable administration._

t

.-. Easy scoring by hand or machine.

Coverage of a lii4e quantity, of material in a relatively
-...

,-

.amount of time -

, -

.

a Easy Maintenance- of efficient records...

&IA.
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However, it is often hard to relate written tests to job per In
many cases the student may be able to pass a written test on a performance
and not bt able to actually perform the required task. (Fcr 0. c

an individual could pass a written, multiple-choice test 6,71 bomb disposal
propedres, would you be 'willing to send him out to defuse an actual, live
bomb?) nen: using an objectile written test you should be certain that
the testitms are suitable for assessirg the achievement of tile objecti4e.

Written tests are rbst often appropriate for testing abstract.
concepts and objectives which require knowledge instead 'of 1

perfOrmance., -

if
Items For,Performance Tests: Process and Product Yeasures

,

. ';'Performance tests require the student to perform an overt action Or
--- series °f ,actions, rather.than to verbalize or to (unless the required
_ .._

performance is speaking or writing). Figure 3-5 shows a comparison be-.
tween-Performance test items and writi-.....teEt_itsics.

AO,

_

.
.

WRITTEN.TEST ITEMS PERFOMANCE..1"00,0,-. -

Primarily abstract or verbal.

Items address knowledge and
content.

. .

3,t:-Lutsually.:dlress. inde-

aspects.-

c Primarily non - verbal. , e
i

Items are skills, performances or
' job related decisions..

Items may be sequentially presented,,
Errors early in the sequence say
affect later items. . . -----_---1

. .

Figure 3-5. Sore Common Differences Between Performance - . ,

Test Items and Written Test Item 7-

S

In a performance test, the student actually perforns a task and is
judged against predetermined criteria. A performance test nay- involve
product measurement, process measurement or both. Before consipering
types of performance .items, let's.discuss the problem of whether the, itms
should-measure processes or products.

,/
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- In developing your test plan you II,411 have to determine *tether the
objectives require neasurement of a product that is, something which is

and .which can be readily neasured as to its .once or absence)
cr a procns (for example, the degree to which a student follows prose-
durel correctly, regardlesS of the cutcare of his actions)-

. t
Product m=surement'is alwayt'appropriate if the objective specifies.

a product. if aaproduct measure is called fcr, it should be incQrPorated
into the trainin§ objeitive and it should be carried over into the test.
items- PrOuct neasutoqent is appropriate when:

-v

*The objective specifies peoduct.

The product can be measured as to either presence Cr characteristics
(such as voltage, length, etc.)- .

00e Thoprocedure leading to the produtt can var=y without affecting
thelo;Rduct.

...1?roas measurement is indicated wherithe'objective speiiiies a
uenc of performances which can be aSserved, and when the performance
as important as the product. Process neasurament is also appropriate
_re the product cannot be distinguished from the promos or where, the

product cannot be reasuredifor safety or other constraining reasons-
Generally speaking, prpcess measurement appeais appropriate when;

Diagnostic information is &sired-

*Additional scores are needed on a particular tasi-.

There Is no product at the end of the process..

The product always followi prom the process,. but high costs
or other practical constraints prevent measurement of the product.

/

Following are descriptions-of condition which naY call for%oth
product and -process. vieaurement;

Although the'product is more important than the prodessis that
led to its completion, there are critical points in the processes
which,.if tisperformed; may cause damage to personnerbr equipment.

1°`--

Tile process and Product are of similar,importance but it cannot ,

be,,astutheciAat phidutt will meet criterion levels.just because
the, process it-followed at criterion levels.

. _
Diagnostic infolimation is needed. Dy havfig process measures as
well as the product teasure, information as to why the produtt
does not meet the criterion can often be obtained. That is, If
the product does not reet the criterion then something which has
been. done wrong in the process ray be diarnvared,

. .
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Uhen both process and product measures are taken for a given objective,
storing rustf011ow the.criterion specified in the objective. That is, -

if V.-4e criterion specifies only a product, not a process, than procep_
stores cannot be used to assess achievement of the criterion. This,roT
course, does not preclude-obtaining additional -Process informatipp wlere
such information is useful in an auxiliary way (for example, as diaonostic
information)-antis feasible to obtain.

One classification has sup oested three types of tasks to illustrate
the relative roles of produtt and process measurement:

I. Tasks Where the; product is the procs-

2. Tasks in wtich the product always follows froz the irocess-

3. Tasks in Which the product ray follow 'from the process-

*Relatively few tasks are of the first type. Dfill and ceremoni4s, playing
a musical instrument and public speaking are examples. More tasks (such
as fixed procedure tasks) are df the second type. in these tasks, if the
process is correctly executed, the' product follows. Fo le, if you
pack a parathute by following the correct process, the roduc , a properly
packed parachute, will follow.

A large number of tasks are of the third type, where-the process appears
-to have been correctly carried out but the. product was not attained. There
are at least two reasons why.this can happen: .Either we were unable to
specify fully the necessary and sufficient steps ih task performance,-or
we did not accurately measure them. Rifle firing, for example, illustrates
that there is no guarantee of acceptable marksmanship even if Ill procedures
are followed. In this case, process measurement would not adequately sub-
stitute for product measurement. So, before using a process measure, ask
yourself this question: -

!`If I use only a process measure t a man's achtevement on
a task, how certain can I be-from this process score that he.
would also be able to'achieve the product or outcome of the task ?'

-

If your answer is "I can't be very certain," you'd fetter -add a pioduct
measure.

-

now,--lietimakgttypes of items for performance tests. You will
see that these,ftems can-be bsed for process ci}- product measurement.

.,

64 ,
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'Noes of Items for Performance Tests: Process Ratinn
- -

When sing a rating scale, you should specify the rating a student

needs to achieve the performance specified by the objective. -For example,

a scale from 1 to 6 right be used to rattspblic speaking ability.(See

Figure 3-5). Here, 6 is the acceptable standard for achieving the objec-

tite, while 1 is the.begingm-lever.-

Is poor speaker but
speaks withdut
speech impediment

Speaks fldently in a`
well-rodulaibd voice,-
is interesting, does
not pause inappro-
priately, etc.

2 '3
A., 6

-Rating needed

for entry into ,

the course

__ Rating i2eeded to pass

criterion test at end

of course

"Figure 3-6: Sample Numerical Scale for Rating Public

Speaking Ability

4

. Such a scale might also be used to/assess entering. behavior at the start

of instruction. For example, a student may be required to achieve a 1 in

order to enter the course. kf he already can perform at Tevel 6, he may

not need the instruction at all.

e

The rating scale Ohy also be Used to inform a student of his progress .

For example, he may be rated once a week throughout the course, and from

these scores be able to pace himself accordingly. If students consis-

tently/fail,ta obtain the rating necessary to achieve the criterion per-.

formance, revision orthe course,curriculum maybe indicated. Consis-

tently low performante ratings require increasing amounts of revisio.:

then a student.achievescthe criterion; "no further instruction is neces-

sary. Rating scales, however, require observers to score performance.

So, the-scoring is based on judgments, which sometimes makes the ratings

unreliable, The more-clearly specified the performance is at each -

rating scale point, the more reliable the ratings will be. Figure 3-7

shqws a befter rating scale for'oublic speaking ability;

65 .
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1 , 1 1

,

t /
_ ---',73

Is poor
speaker but
speaks with-
out speech
impediment

.

.

.

&s -.5e)s

ervotzs -

mannerism

.

'eh'

a lot

Presents
acceptable
speech but
delivery
is too . '

slow or is
not suff-
iciently
clear f

Presents
acceptable
speech
but'is
boring
. _ .

_

Speaks fluently
in a well7 . -

modulated voice,
is interesting,
does not pause
inappropriately,
etc.

. .

.

Figure 3-7. Sample Behaviorally-Anch4red Rating Seale

Nevertheless-,--eTroTs are easily made ,en rating Ees7so let's look
at several different types of rating eis and-ways to minimize them_

Since performance tests require the trainee to display actual outpbts
(product or process), they depend heavily on actual observations and rating
of outputs. An examiner should rate performances or products under con-
trolled conditions which should not change from one trainee to another.
Also, the same performance standards should be used with each student.
For..example, a scale of l to 7 maybe used to rate ability to drive a
truck. Figure 3-8 shows such a scale with a rating of 4 specified as. the

#
standard acceptable for achieving the criterion.

1 2 - 3 -4 .5 6 7

Rating
needed
6 pass

criterion
% t

,

.

:

,
.

-

..

Figure 3-8: Sample Humeri l Scale for Rating
Driving a Truck

'''This standard should be the same for all studen s (A 7 means that the
truck was- driven in the best,potsible manner). rating of 4 should mean
that the truck.was driven-to minimum acceptables ndardt; ideally, all
raters should...agree as to what Ihese standards are.

L.66
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The problem of rating scales lies in the differing 3, nt of the
observers. These differences (or ratio; errors) nay be clas ified into
four cateyries:

.

1. Error of Standards. Errors are sometime; made because o diff-
erences in observers' standards. if rating is done withou any
discrete, specified standards, there ray-te as many differen.
standards is observers, thereby causipa.overratingor underrat g.

Standards et-each point in the scale Est be clearly specified.
Consider the following example:

Ten persons are similtaneously being rated on their
swinming ability. Judgments of the nbservers 14111,, in

this case, be dependent on their views of swimming stan-
dards --and theit. relative experience in the area. The
more knowledge and experience they have in the aiea,
the core nearly alike their ratings of the stunts
will be. More importantly, the morethe swimming stan-
--rds can be specified in terms of actual behaviors
(for example, "legs do not bend at knees while

kicking = 3"),_the better-the intertater agreement.
6

2. Error of Halo.' An observer's ratings ;y be biased because he
.

allows his general impression of an individual to influence his

judgment. This results a shift of the rating and is known
as an "error of halo.' If the observer is favorably, impressed,
the shift is toward the high end of the Stale.- If the impres-
sion is unfavorable, the shift is toward the loll end. This
type of error frequently goes undetected unless it is extreme.
Its is, therefae, a difficult error to overcome. Error of
ho ,is reduced by reminding the rater that he is judging -

specific perfordances and should not take into consideration
his impression of the individual as a whole-

3 Logical Error. A. logical error may occur when simultaneously
rating two or more. traits. When an observer tends to give_
similar ratings to traits which aren't necessarily related,
he is making a logical error. It may appear.to him that these

two traits are similar when they really aren't. It seems

log:foal to him but more than likely doesn't, to the other

observers. For-example, if 'efficiency" and "productivity"
are both being rated, some observers may think that they are

von-rano; Thus, they would tend-to rate bothrtrafts
at the same level: If a person is.efficient, he must be '

productive. This isn't necessarily' so, but a logical error

is easily made.ia such cases.

3-21
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The "y to minimize logicat errors. is to rake the distinctions
among dififerent traits to_be rated as clear as possible'. Point
out to the raters that only separa4 ind.wendent traits am.. to
be rates. If possible, oive .s.o.e.mplesof the bavicrs associated
with each trait.

4. Error of Central Tendenvg. ifin error of central. tendericy is (on-
stratei when rsdifferent rate tend to rats rtest sturi

Ik
ents td:Marti

the ralsidle of the distribution. If for exaMole, the scale has
seven points and you get a lame number of 4s frorl your_ raters.,
they may be exhibiting an error of central tendency.-

Cne way to -counter- this is to use: rating scales with 'an even
(4,6 or 8) nutTjher,of points. Such scales have rid midpoint and
you therefdri force raters to spread their ratings more than with
a scale having a midpoint. The best solution, however,_ is to

_anchor your rating points with %cords which describe the behaviors
andfor performances required (as shoini in Fioure 3-7).

_

Let's now look at a few specific types of proceSs rating methods.
There are several types of scales for rating perforsaances that are obser-
vable but transient. You can

A numerical scale

A clescrjpitive scales_ _ _

A behaviorally-anchored marical scale

A checklist

If at all
performances

the checklist.. The o4ecklist is generally derived
from job performances and is the most reliable' rating scale.

1. Checklist. 'A checklist is- useful for rating,ability to perforri ,
set procedure. iIt's also a simple method of rating skills when
your purpOse is to see if students have reached a certain mini
_level. The performance is tulokensdowlfinto ,elwents,, which allows
the observer to indicate tstetikrAach step has been successfully
achieved rather than merely whether or not final perforrance has
been achieved. This helps- to reduce the error of standards be-
cause it tends to minimize subjectivity. Instead of a large number

- of categories from whith the observer's may choose, there are only
--two, lige alid "no -gou on many different.itens.,_

a

. 8-
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or

Numfrical Scale. A numerical scale divides:performasce into a

fixed number of poict (Otater than two), deoendina on the num-

ber of discriminations requited and the ility of the raters to

rake ttigse discriminations. In most cases, observers can rake
at least five discriminations reliably, but not ire -than nine,
so most-numerical rating scales should contain five to nine points.

3. *Descriptive Scale. The descriptive scale uses phrases to indicate
levels of'ability rather than numbers. Here, the discriminations
can bevaried to, suit the performance, naking such a- scale more
versatile thab a nurrical stale.. Bowever,*:tere are also disad-
vaniages. One major disadvii-et4ge is the intel-nretation of the

phrases. A phras!amay not:mean-the same thing to all observers.
The more behaviorally descriptive the phrase, the 6etter. Another_

disadvantage is the difficulty in selecting phrses which describe"
-degrees of performance'which are *equally spaced.' For examole,e
rpm observers consider vpoSe and "fair' to to more closely re-
lated-than 'fair* and 'VA.'

It

-4. Behaviorally-Anchored Aumerical Scale. The tehaviorally-anchored
numerical scale includeg a numerical scale along with behaviorally
descriptive phrases bIlow each nth-cber. Both the number and the

phrase must-be considered by thesbservert The description can

be a single word_pr can be relatively deiailed. The more detail

the ;descriptions, and the more they describe actual behavior- he

better the rating results are.

Types Of Items for Performan e Tests: Product Rating

...

.--.

Product rating is rare reliabletthan process ratin, since a product

, . is usually tAngible. after. completing a performance `t, the product

produced is compared- with the required product. F this comparison, the

rating is produced. This procedure minimizes- y rating errors, since it
provides the observer-with a tangible standardAith which to compare the

- . product's suitability.. -- 'V ,

. , .0-
.t.

_ w

. . " 4 4a
_Product rating metheds include the same rain types as process rating

, .
,

methods: ,-

chedaists (go - items)

. ittraiarical ,scales

f4: -* D oti scales

iorallylanchored pgmefical scales

'1

, ;:$S
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For example, a product checklist for attaching a bayonet to a rifle nicht
insist of item such as the following:

Circle one

is the bayonet firmly attached to the rifle? (go - no-go)

fs the bayonet' positioned properly? -OD no-go)

-.
A behaviorally-anchored rtmarical scale for a product (oorrec_ly-gpped
sparkolug) might look like this:

1 1 2 .3 4
1

5 .

Sparkplug gap
off by I' .004'
of specified
tolerance -

ISparkplug gap
off by t. .003'1
of specified.
tolerance

.

sparkpli.tg gap
off by : .002"
of specified
tolerance

spar4lug gap
o + .001."4

specified ,

lerance
.

Sparkolup gag
set at exact
tolerance

.specified .

,
.

. -
. Figure 379. Sample Behaviorally-Anchored Rating Scale ,:

Example of aeterrar*,g- item Format and Est Fidelity

Now that you are familiar with different types of items, and theit
advant.ages'and disaftantages, you should be able to rake a considered
judgment of the.t ype required for each of your objectives. you decide
what type of items your CRT should include and,the necessary el of -

fidelity, dommerit your decision so you n refer to it when actually
start construrting your CRT.

.

Le.rs- look it an example of deterain'tp g appropriate ittra for, and
_test

, -

Assiume that you are p1annirC4 CRT to cover a block of instruction
on presoritirigorat briefings in lagership course. The specific objective
is:

4

Given four bourn, ,i;EfAibrary research, -be able to prepare and
deliver a 10-minut&;,briefin4 to a Genefol Officer on the status. ... il

7

. IL il
V

1
I70
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of oil sale deposits as a najor.potential source if enegly for
the U.S. Afar'. The briefing rust present clearly and succinctly
tho following topics:

-

I. How oil stale is formed

Xhere oil shale deposits are found

3. Potential products and uses of oil stale

. .

4. Estinated amount of oil shale-in the continental U:S.

Now, what test,format do you use? You obviously do not have a spare
Genera "ficef available to practice on. An appropriate CRT ft-mat hefe
might-b_ an oral presentation.to the coarse instructor scored on a go - no-go
using a ,ecklist to reflect appropriate aspects of coverace and presen-
tation (a fairly high level of test fidelity). A test having a roch lower
level of fidelitx and certainly not recommended .1.ere) would be a paper
and pencil multiple choice test on knowledge about oily shale deposits,
and principles of oral presentation.

ITEM SWUNG AND SWAINS AMONG CONTITIONS 7)

41,

From Figure 3-1, you can see that once 1t en! fbrmat and level of
fidelity are planned; the next consideration is whether or not items
should be sampled for objectives. item sampling within objectives should
be considered when there are large numbers of items that could bb created
-for an objective. If an objective calls oz ly for a few specific items,
(such as carrying out fixed procedures) there is no need to sample.

Sampling within objectives is often ,necessary in situations where
. the objectives to be tested involve abstract concepts- Example-4 of such

abstract concepts include:

Mathematical concepts (addition, multiplication, diff
tion, vector analysis, etc.)

Categorical concepts (identifying species of plantlife, recognizing
'synptoms of emotional disorder, selecting suitable positions for
defensive fortification, etc_)

*.Problem solving .{be able to troubleshoot and identifi-the malfunction
in- any internal combustion engine)

71
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Item sampling witi:)in en objective.usually occurs in sitaations where .

the objective requires learning a concept (such asaddition) as opposed
to a process requiring a fixed order of doing things (suc) as folding
an American .Flap or issuin; a.call for firel.

.

In cases of teaching conc=ts it is generally not cessible to develop
test items for all lOssible examples of the ccncept. Consider the concept
of ad41'tbn. if the objective specified ih the training program =cams
lethilng to ad two three-digit numbers, development of a series of CRT

whitems ich effectively tests.all possible two-way combinations of three-
digit numbers is virtanly imposble, He =e, CRT items must sample from
the :population of itets which could be 44nerated to test the concept. Ue
might, fort example. develop five br six item, each of whii-,h call for the
additionanf tmo t'i-fee-digit numbers, atd assume that if the criterion had
been met on these items, the student possesses adequate knowledge of the
conc_t to generalize to any series of two three-digit numbers.

/,----.7- ,

.i

_The more difficult it is to learn a concept, and the groyter the num-
ber of possible items in the concept class, the more items will be required--
in your samOt. In general, the more aspects.there are to learn about a
concept, the snore difficult it is to learn. -

Also, the more aspects a concept has that are similar to another,
different concept, the more difficult it is to learn. for example, if

.you are teaching people to r size types Of quartz, there are a number _

of aspects of quartz tha you'll have coverhardness, shape, etc.
There are alsqa number*of aspects that quartz shares with other minerals--
because of theSi-ginilarities, tea thing recognition of quartz 'rill be more
difficult: The student will have to learn to discriminate between quarti

'land other minerals having quariz-like aspects.

There are at least two other factors that affect the number of items
necessary for sampling within objectives. First, the relative importance
of a correct classificatignwhether or not the trainee has mastered the
concept -- should help delermtne the number of items necessary. If it is
critical that a trainee nester a concept, more items should be included
for the objective to ensure that the traine6 can &curately.apply the
concept. For example,-in survival-training, an individual must be
able to distinguish biligen edible plants and poisonous varieties. So, ,a

relatively large numbirbf items requiring the individual to discriminate
edible from nonedible plants is necessary.

72--
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Another factor that ray affect.the number of iteis required when
sampling within objectives, is limitations irposed by practical constraints.
Tot is, often tire.availability, costs, etc. may not allow you to incliAe
as many items as right otherwise be desirable.

Document your item sarpling plan so you will have a record 'When ore-.
ating items. This plan should d_ rib? the characteristics that the
items to be sanoled should have-.

e

Should Performances be -Tested under single

or tnder MIlitiole Conditions?

In many situatiols, CRT performances require testing under multiple

--44x&i_tizin!. You ray need to perform certain tasks under both daylight
and nightti ie cOhltttoss.,.._for 'le. As another example, astronauts
must perfo .certain uaintenaRi tas*s-both inside the spacecraft and
during e, (extra vehicular activity) ouiii& the_Joraft while tethered

by a Lifeline_ You may have to perform tasks under ovrleaded_ conditions
including high noise levels, humidity levels, temperature levelS,
so forth.

One job which you as a CRT developer will have, is the determination
of conditions under which your test will be administered. Your objectives

will .specifj the condition or conditions required. Often, you may need

to develop test items which could be administered under multiple conditions
For situations in which performance must be exhibited under a large
number .of conditions, you may wish to devise a samplihg plan to .wide

you in determining which conditions to develop test items for. (This_

assumes that it is tm,ractical to test kinder all possible conditions.)

for each objective upon which a test item is to-be aolstructed, you
should examine the range of conditions stated. 11ext, yousbouldfmake a_

listoWf these conditions and rank them in order of priority. Fir re 3-10

presentguidelines for testing Under multiple conditions.
.

Mien developing a scheme for sampling among a large number of testing

conditions, rank the conditions in order of irportane, and 'develop a CRT-

item for the performance under each condition rahked in the top.30,pertent.
ThO'top 30 percent should inoludd all the more -critical conditions; if

, it dpesn't, you need t test under more than 30 percen of the

-conditiOns.
x- . - .-

73
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*If the per4krranze rust be exTied under each of two
condition--S,ou-should develop a CRT item for each con-_
diticn..

if the objective statAs :ham .the performance rair Le
exhibited ender eitherof two conditions, toss a coin
and pick a condition.

elf the performance must be exhibited under three
mnditions--you should develop a CRT item which tests
the oerfcrrance under the two most irri.sornt conditions.

If the pirforrance rust be exhibited under a large
number of-conditions--you should develop a CRT to test
the perforrance under at least 30 percent of the neces-
sary conditions. Be sure to intrude the more critical
conditions.

Figure 3-10. Multiple Testing Conditions
. .

.

Let's consider an example: Assume an objective specifies testing
marksmanship accuracy with an M:16. The trainee is allowed to fire 30
rounds of ammunition at a statihary target and rust place at least 10
rounds within the bullseye. He rust do this under the fiollowirg
conditions: id*

Daytime and nighttime (illuminaieJ ranger
0

Wind prevailing from left and from right

. Wind velocities of 0, 10 mph, 20 mph, and 30 mph.

The coditigps combine sixteep.ueys, such as.:.

Day-tine, no mind

. Daytime, with 2a mph prevailing wind from the left

Nighttime fitiuminited range), with 30 mph prevailing
mdnd from the right

le
o Etc..

Since a large number Of-L-anditions and yam, can't test under

all of them ctical reasons), you should dcT.velnp-CBT items to test-7

14
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aarksmanshlp proficiency under at least 30 percent of them.- Ras- the con-
ditions in order of importance, and develop CRT itenS for at st the top
four items f3n vercent of 16). Eere wind vplocity, direction, and day/
night conditions are important. Sol you may wish to develop items for:-

*Laytire, with 30 mph prevailing mind from right to left

Nighttine, at an illuminated test range,
prevailing mind from left to right

Daytime, no wild

?
Iiighttime, at an illuminated test ranEp, mith.20 mph
prevailt wind from right to left .

By 1iesting under the more difficult conditions, you can usually be sure
that the trainee can perform under the easier conditions. In this example,
though, one easy condition is included: 'Daytime, no wind.' Inclusion
of this condition is an aid to diagnosis. That is, if you had only the

you wouldn't know if the failure was due to the difficulty or,
more difficult conditions and the trainee failed to peu rform y Odards,

condi-

tions just an inability to perform the target shooting in general.
Thus, the easy condition provides a checkA-

with 30 mph

Document your condition.sampling plan so you will haYe a record When

you create test items. The sampling plan should indicate the conditions
(or combinations of conditions) under which the trainees will lietested.

DETEPMINING HOW FANY ITDS TO INCLUDE IN
YOWL TEST, AND D)DU! CiTINO YOUR TEST PLAN

. -One task remains: You rust decide how many itergyour test Should
include. The answer to the question -'Slow zany items should .1 create?'
depends upon the,objective: The more complex the objective (the more
subtasks ft includes) the more items will be required to it. This
is true, but it does not provide enough guidance in decision making for
the item developer, Two other basic factors govern the number of items
to be developed: .

The variety of cbnditions-unOr tibia the objective must
be tested.

The objectivels level of acceptible Performance, specified
as stag:dards,

I-
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The first!factor, variety of conditions, has been covered in the
preceding section in terms of sampling among multiple corOitions. There
are, however, objectives which do not specify multiple conditions, yet
which-1*-logically-beTestable ondeicany.conditions. For exampTe, if
an objective requires a pilot to be able to land a light plane on the_
rain-east/west landing strip at ?pIles Airport in Virginia, we might be
able to test the objective with one item (that is, actually requiring the
pilot to land his light plane on that runny). t, if the objective
requires-the pilot to land on any paved airs rap, Wriost require the
pilot to make as zany landings as we feel are necessary-on various air-
strips, under various conditions. In doing this, we,are considering the
range of conditions specified in the objective whenfre determine the
number of items in,the test. Develop as rany items as are ne?ded to
demonstrate that the trainees can perform under the required conditions,
sampling the range of objects the trainee must work with, and the range
of conditions under which he rust work.

The second factor, level of acceptable performa2ce specified as
standards,. must also be ed in determining the " -r of item to
include. You mustintlude enoug iteus to ensure that the standards are
met. For example suppose an o jective states:

+11i41; the appropriate sparkplug wrench, be able to remove a
sparkplu§ from a 1970 six-cylinder staff car in one minute.

To meet the standard as stated in this objective, a trainee needs only to
remove one spirkplug in one minute. Suppose the trainee removes the plug
in 59.5 seconds but he is rushing frantically. He gasses the item, but
you aren't sure that it isn't a ratter of luckyou're not certain that
he could do it eNtry-lime. In a case such as this, yell rdght want to
include two or,three items. Each item must rataithe objective though.
Thus, you (tight plan three items:

Of

. . .remove the #6 sparkplug in onemiinute.

_
. ...remove the #5 sparkplug in one minu*

.-remove the 42 spar plug in one minute.

You must plan these items before the test, and, not vary them during testing.
Actually, you are modifying the objective to state: '. . -remove three

sparkplugs. . .in one minute or less per plug."

Consider this objective:

given your position as observd, and the position of the early
d.k

and description of his materiel, issue an appropriate call-for-fire

-/'
-'''' according to the so?.

3-30
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If the trainee gave a correct call-for-fire but stumbled in saying i.tryou
tight be unsure whether he can suet the objective. Plus, you might write
several items, each requiring that .a.differeqt call-for-fire be issued.
Several items-would also allow for a wider range of stiamlus conditions--
ybur position, enemy position, and Sescription of enemy rateriel could
'all be varied. Again, you are nodifying the objective to -achieve a more
accurate measure of the standard--this rust be done before the test is
given. It is never proper to add items during a test administration.

So. . let's recap the general conditions for determining the number
of it ms to sample the range of performances and conditioms. Ile Emit

--,---.4,ate enough items to satisfy ourselves that, tfpassed, the trainee has
net-the standards. lge rust also be certain that each item matches the
objectives even if there are items for a given objective..

-
. .

Do not get yOurself into the conceAtual dilemma of stating that "wen
if the student perforirs these four items I would not be convinced he has
mastered the objective.' If ypu find yourself in this situation--write
more items. On the otter hand, the test writer nustspard agaihst writing
large numbers of items which test extremely rare performances under unten-
able and hard-to-iragine conditions. Simply make sure that all objectihs
are adequately semplediand that all conditions:and performances are covered- -
without being unreasonable and without writing large numbers of nitpicking,
items simply to watch the students squirm. It is ingirtant, however, that
you sample all objectives, cover the necessary performances and conditions,
and adequately coyer the standards.

The-reliability of your test--the extent to which it mill measure the
,same thing each time you give it--is influenced by the length of the test.
The more items you have on a test, the more data will be available fdr
making determinations about test reliability. (Rgiahility is covered in
detail in Chapter 7.) A good rule of thumb is: Write too many items rather

ham few. YQV can usg.t.11ose'whioh are left over to develop parallel,

Or7 a nafe forms' of the same test, or you can conduct an item analysis

(as Alio ussed in Chapter 5) and.eliminate unnecessary and ambiguous
_items.-Aeeping,pn y the best ones'for.the final form of your CRT.

The Jist-Plan_lio,rksheet-

In loping a -test -plan, we have discussed::

.Overcorring p ical constraints by selecting,

among objectives or txrdffying_obj-ectives

Planning item format and - level, of fidelity

%Sampling ites within objectives

3-31
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Sampling among,kultiple conditions

how ;any item to include on the test

Figure 3-11 shows a worksheet which will felp to collect and organize

all the documentation of the test plan that you have developed. !rwork-

sheet such as this oneishould be developed for each objective upon whish

yob.wishto constrict a CRT item. Figure 3-12 shows a sample worksheet

filled in for the objective:

-) *°6iven a set of climber's spikes and a safety
strap, be able to clirb a 30 ft. telephone
pole in 2 kihutes,'",

as well as for two other related o*ectives.:

Uote that you should fill in the 'number oT items' column with the
number of items reobired on the fical version of your test. AI you will

see-in the next chapter, you will create nre iteg than -this so that

you can select The best ores -by review and other technives. By creating

such a worksheet, you will have all the infonnatio needed for developi2g

a test.

78
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CHAPTER 4

CONSTMTIN6 THE ITEM POOL

'ConstruclAng the item 1 is Ae process of creating.a gripp of
item from which final test items _will be selected. The test plan, devel-,

opid in the preceding chapter,documents the characteristics of the iters

necessary for your test. You have specified in,your test plan the number

of itens required for each objectiye. You should create enough items to
satisfy yoUrself.that, if passed, the trainegilas performed to the required

----standar& under the appropriate conditions. it 'is advisable, however, to

actually create about twice as zany items as specified in the test plan.
This will give you the latitude to chbose the cost appropriate itens fron
a large item pool-rather than o settle for tie exact number you have

created. You can tryout and review the item plol, and Select among the

items. In addition, extra item can be used to create alternate test forms.

lt e tesptfroZi!emyouit ca for two, ;ouo= ,"our Thus.

that an objective require fair items, two under
you would construct eight iters--tour under each

should build two; where
if the test plan specifies

each of-iwo cbnations,
of.the two conditions.

3

Figure 4-1 (foldout at the end of this, chapter) shows the sequenge of .
operations necessary for constructing an item pool. Note that development.
of instructions is included as a part ofsthis process: This applie.both

0 to instructions which tell the test administrator how to give the iteM (and
,test= as a whole); and to instructions which tell the traipee.how to take
they. tem (and test as a whole).

CREME ITEMS BASED ON TEST PLAN SPECIFICATIONS-
--r- -

the proCess of .creating test items isLrelstively easy anq straight-
for4ai71, but calls for creatOity and ingenU14.- Take the_test_plapwork-
'sheet (completed in the operations described in the preceding chapter) and '.

follow. these steps to ensure construction Of the appropriate itemi: -

tan sider thefirst objecti ve-listedc If all objectives are
to be tested, start with this objective. there is a plan
for selectinGfamong objectives, start Hit the first, objective
specified'for selection by the plan.

4.;



next,.ccnsider, the. fotzet, fidelity level, type of measure-.

neat, and type of scoring specified/for iachliVen to be
crea for is ebjectivg. All is constructed for

"obj4-tive t reet-thespecifications_

next, look at t rksheet, &I= beaded- "Sample !teat
Mi nip .Ohjective *pis odium indicates whether items
will haVeitO be s led fronia iar a group of appropriate
-it or not. If 3 - nr.st be sampled, this column
IrOicates charec_ristics--tizt each item requires.

Then look at the 'Sample Ong conditionsv 'column.
- This Opium indica;fthe'cOrglitionsitinter which each iIT

4ecost tested. T coNtan will specify Mow any conditions
are to be tested and what these .conditions are.,

Finally, look the last column, °number of item for
objective_" This column tells you how raw. itens to create
for each objeCtive. ''iterne,Ver, if oise. i ;dust be tested
under two conditions., you create two itens--one fer each
condition. .

.
-

'now, create th&kInd specified in yo.ur test plan
worksheet torone.objectiye. Theo, repeat the eittire priocess,
for the next _objective specified an your test plan worksheet.

. .
...

'Wheli creating i!items, first note the performance c. alled for in the -s
objective (overt inaiii intent or indichor.). Then write thi'te.st items

t. following the test plan seecifications, raiking sure that the perforrance...
in each item writtep fog arrobjeclivematch the performance stated in

,- -7 -'the objecti'vez Yoir-shoold be concerned 'not only oith_the performance . -,..fi-,-- g(aIthough.tT)e performance is extremely Important); but also with con- . ......)-

'-ditions and standards, The rule for 'this is relatiyelpsimPle:
-...... ....

, -
A. -1 N.

/ -

1 IW:e- ihe test T-tems include the- sae,condirions
:-. II_ ana standards. (no more, no less) as those specified

.. - - 1 %-..inthe otijittie.a. ... .-
--

. .

.-
A .

#I ..
17: fY 1 . ", d .' ! I,

..
Remember"to coit-ult yotr,teSt plan, though--you may be saFpling among tike.,:,,

.-

.
,1 Ified conditions. , .i.-- . . - . "! ' '

V . ::-
- .1. Y -., .

- , X.onsider Vie following -object** ive:s : - >
, -.

. ,

. , :,...,..- Gwen a storAvosa of toi4 used daily at the actor pool,
.. _ ...., idenVifythe tools heeded to replace 1 fanbelt 0/1'. any- late

..: -... Doderjemb- taking those tools "out pk the storeroom,, ._
e . . ...-- .- ..,

. * .

Jai ;*

-%**"'!:. 4;f14:1 7:
-14t.

. .

a
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tow suppose.the item asks a student to remove is!Jois from a dagl: storeroom

Sat a specified-a6tor pool. Would this be an adequate itesig iho

e lled fp n the objective.called i

said anything-about the storeroom dark? nsbeipg dark? The ;pnditio called for

'in the test item are different ;rad thos
of but the corditic An4 standards also should be

the same in tke._objective and the test item iL That's the onlymay you
will find out if the objeotive bas been actilved. .

student's ability to comprehend difficult language is ordinarily not the

skill in question_ And remember, all indicators "should be within the

Vepertojr the'student. For example, if an item presents information
to the s e t and requires him to calculate manpower needs for a tactical

..-exercise,,iz should say 'Calculate the reguired manpowW or riiow nanY
men are'requiredr Not, 'Evaluate tnelogistiel considerations and
advance an estimate']of personnel requirements pursuant to the inforiration

,%preseAted'herein."

When writini test it6as, remehber to keep the language simple. The,-

flow, let's consider an example'of dgvelopingikarioustyPss of items
for the same objective: Assame that you have the folloming.objeitiy6 and
must develop a test iteth: -

A

0
OA

0 ' :

- Objective: llie student wrist indicate theIbest positipn,for

. locating s light switch to activate a light in
the supply closet of azbatallion headquarters

. '.../
ti office.

s
, . .

.-One possibility.is a,stathdard multiple choice item. Figure 4-2 shows

such an item: -.... . ,

The best place to locate- a light switch' for the_supply closet is:

,

:Al- Irk. the far 'Left inside corner of the closet.
.

.. B.. On thd right inside wall of the closet about' one foot
from the closet door.

:-.
:, .

left nsitle stall. of the closet about one font -

. _from the Closet poor.

/0. Outside the-closet, about one foot from the closet dpor,'
aid'on the simejwalras the Actor. .

4

tAnskir 7.

Figure 4-2. Sampled141tiille choice Tist
-4



kever, pus item.requires t!7e st-Jdent to visualize the locations
specified in the choices, A through D. The talent for this find of
vislelization may not be in the students normal repertories of bel-avicr_
This raises an important pint:

VSe graphs, drawings, and photographs when neca7sta
-fer-clear conimpication.

MO.

Keping .this point in grind, anther, better possibility for the nicht
switc ohiective is an i-ilastrated multiple choice item such as that

,*146 in Figure 4-3.

A

J

3ge1mnliele4sartersOrtfuz

at

DirectiAs: Place a circle around the letter Which indicates the es

position for the supply closet light sin

I Figure-4-3: ,Sample Illustrated Mulftple-Choice"Tet

;
0

1.-

.

tt
,
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,
, .. .,



A third-, even better, posstbility is a sinulatzA performance test
item as. shown in Figure 4-4.

e.igiire5e14-lexiquarmis Of-rim

/,
;--

- .
DirectiQns: Place ark- -r at the best positibn for locating the :light

- - switch p activaU: a light in the itppl): -closet*
/

-
_Figure/ 4-4: Samde Simulated Performance Tea

g.
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finally, the beA choice is an actual perforrance item where the
stue.ent enters the rooi with a-red grease_pencil and is instructed to
" ?lace an 'X' at the b-1 position for loCating a light switch to activate
a light in the supply closet." Of course, 1-xactical consttints rev
,pronibit arse of s.lch an item.-

- Another point to keep in.nind when creating items is-the following:

:;nasent the test so it does not give the student hints .

as to the correct answer, but never make it extremely
difficu1s sino1y to ensure a certain number of failures.

An example of a written item with a- hint might

unfriendly force is shelling your posititn prior
to attAck. As soon as the shelling starts, your squad
should begin a ,

1. 'Orderly retreat to get put of shelling range.

2. Attack to catch the ereny slkprise.

3. ,,Advance toward the enemy position.

4. Move toward cover in previously prepared positions.

his i4em, grammatical caltistency giver .a good hint. Choice 4 is the
one 'Web grammatically follows from the,item stem since 'begin a .

rxNe is proper; while !begin a orderly,' l'begin a attack," and "begiii
a advanced, are graamatically incorrect. .

Remember, your creativity and ingenuity are called for in creating
items. You will have to use your imagination to Create the best possible
items for each objective.

DEVELOP AND DOCUMENT INSTRUCTIONS ti

FOR ITEM osE
4

Once you have created the item for all objectivei tested in you'r CRT,
it is necessary to.develop and docu5ent instructions that describe how
act) item is- administered. Generally, tests consist of one type of itep.
(mrforr4nce items or multiple- choice items, for exazple), so instructions
izeOfic to ea Ch item are often not necessary:-gweral instructions covering

. . - 87 ,

4 -6
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the entire test apply to all S.X.41 iteu lime-will discuss general instruc-
ticmS in re last sectibn of this ciao-ter.)

Sometimes, thosgn, srec1f7:c instructicrs far ppc*) itTen are necessary.

They ray be necessary far two reasrrs:

The item requires special equipment Cr facility setops,
special conditions, or specific standartS which-the test
administrator rust implerent as a part of administering
that itee.

The item requires that special instrucgons be presented

to te trainee in,order fcr hie to.a1.1...eript it.

_ -

Sc?, sbetific rtr are part of the itemitownich they are
appended. 7ne iteus could not be administered or understood mittipt them!'
Thus, you must create specific :instructions. Since they are a part of
the item, item adequacy cannoabe assessed without then.

When developing specific instructions, keep in rind the following-
points:

Specific instructions should be placed withthe items to
which they apply. Those parts of the specific instrutticns
whichthe trainee should read are mitten into the item.
Thase patts which tell the aaministrator what to do, should
be included only in a separate °administrator's test copy.' .

Specific instructions should tell the trainee whether speed
er accuracy is mare jrpartant. Any time baits siiould be

specified.

Provide clear instructions to the administrator. Tell bin
exactly what to say to the trainee, and how to:answer
questions. (The safest' way is to have the-examiner.read
to the trainee directly from the written directions.)

Provide diagrams of equ pment setups and facility arrange-
ments for the dministftor, whenever necesssary for a
given item. Equipmeni settings (for example, dial settings
on retersj shotild also be specified.

Specific inaructions should tell the trainee exactly that
the performance, conditions, and standards.are for the itdm--
this is especially Important for hands-on performance items.
They ray also explain the purposes of certain items. An
example of. a spetific instruction 1s:.

At tifis station yoy will be testa on your ability
to perform certain tasks on ,the-breath mechanism.

4-7 .
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he fasts will require you toperforn the duties .

of several cannoneers.' Ygp have fiveminutes for ,
each per forrence reasure. You will respond approprir-

ately When instructed. Using the breectIblc# holding
toqls.and the eye bolts supplied, follow -ch icstrac.,

tica'the examiner gives you. Yca smst-respond to each
instruction correctly in order to passthe ,perforratce

reasure?

The adrdniitrator's specific instructior& for this itemAmActim-
clude'what tools and eye bolts to assenble, how to place -aim et the
station, and what instructicrs to give to the trainees.

Remember, an item is incomplete without neces§ary
specific instructions.

After creating the item and their associated specific instructions,4
you should assess their adequacy. Let's review some,of the reiuirments
for adequate items.

ASSESSIUG ADEQUACY OF ITEMS

Do Items Hatch Objectives?

.

Firit, you should ensure that items catch objectiyes.. Che4r.ti/e'
following in both the item and the objective to be sere.they are_ same:

. .2;7

Performances

Standards .

Conditions
- :
..; ...

....,...

,-.,
1-;

,.--:- .j :
:

. .: ... ..":".
.... 0 .

, -- .. , . .
. - . r -' - r . ;

t i...,- 11;,-........-!- :::: _-,- t.. . i:., ;.'
-

: - r .' . : ... ;"- t .. ..---- -
,...-- l'.... 4. .. .
..."..... .'-. ''''', .." : 1--

Then, find the overt main intent or ilidiicallirin tote `its.. pijk,...;

performance should be the same for eactiitpb.youtrifOr..000,146tivd,...
-Do they retch? If the answer is yes, proceed tp.the-Ileg,W;::Pthe,-..'
answer is no, the item should be revisedAsrli461.6.4t., - -.7' i- 7

i

A.17"4-..::
-1..---

Third, note the standards in t4g,robjectl...,+:41.4,s.4,1-gfAeyok
the standards in each item of the fifem pool"for th4s '4610ettw- If, /Tidy
do not Pie' item should berevisef pi- refectO `-'':-;-=-'; Si-'-''.."'.-c- --,- - L *S - '

I4

er- : .t. - ;7-"', r '
11L'% i

,"

e"

zo-f
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Fourth, ensure that the conditions
.

of tiio objective retch those of

-die item. '41f tee` matct, the item is successful. If they do not, the

iteashouldlbe revised or-rejected: '10- - 4

Other Checks on Item Adeouacy

You should als6 ensure that all item are clear and unambiguous.
There should be no question as to what is meant. if you are not certain
about any of your it or if you think that they can be taken more than
one way, see if they can be improved by revision.

) You should also take into account ubethdr or not the items are
reasonably easy to administer. An item should not be any moke difficult
to administer than is necessary while adequately retching the objective.
Items that are complex to administer will be subject to additional error,
both. on the part of the test administrator and the trainees. For example,

if your item is intended to assess beginning soldering skills, you would
not want it to involve soldering microminiature components. to a circuit
board. Such an item would be difficult to administer because of.the
necessity of guarding against daneging expensive components, and because
of the difficulty of observing the soldered connections. Instead, your

probably involve soldering major components to a large chastis
(or something similar which is more easily administered)... The point is,
not only.Should you g items' be feasible (be C-thin the burgs of practical
constraints), they ihould also be relatively easy to administer.

MO.

You have stated in your test plan worksheet the level of fidelity as
dictated, by the test format.- You should check now that your items are
at the appropriate level. If your objective calls for hands-on performance,_
then your test plan worksheet should so soetify. You must be sure that
your itess_call for the same kind oftands-onperjormance.

;4'

Keep in wind that the higher the level of fidelity, the better the
test. But remember, too, that the level of fidelity specified in the,
test plan mdst be adhered to, since it was based not only on the objective
but, also on practical constraints. (Practical constraints may have pre?
Vented higher levels of fidelity which would otherwise have been possible.)

When you revise inadequate items, be sure to revise their specific
instructions also.

How you have a pool of items and their associated specific instructions
which appear adequate. All that remains is to develop general test instruc-
tions for your CRT.

.9. 0
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LiaLOP £E .AL TEST LUSTRUCTi6S

Proper instructions are an essential part of any test. You should -

try to rake instructions as clear, unambi§uous, and brief as possible--
both general instructions g4v.en prior to the test, _and specific *strut-
tions immediately preceding the items to which they apply. Ge:heraT
instructions apply to the entire test, unlike specific ivtructrons which

.only to certaiA item -

Generaj instructions far any test should include the following types.
of information:

The purpose of the test. Fpr example,

-"This is a test of your ability to disassemble a
14-60 machine gun";

"This is a test of yofirability to unscramble code
words";

.

'This is a` test of your knowledge of traffic regulations";

etc,

iy

- lime limits for the test. For exampbg:---
So

You have 60 minutes to complete this test"; '

"You have 40 minutes to complete Part A-of this test,
30 minutes to complete Part B, and 45 minutes to complete
Part C";

°You should be able to complete this.test in -about one
hour. Take your time, yoy will be allowed to finish ilt
it takes-you longae;----

ett. ;

Describtion of test Conditions. For example,

"You will be allowed to..use your textbooks".;`

You will-be tested in a tent filled with CH tear gas";

You may use any'of the tools on the table in front'of you";

etc:
40.

f.

j 1 #
11.
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Description of test sitandards4 For example, -

, 1- ,

.- You will be scored\on how many itegs you complete
t4-. "correcr; '...

.

.

.
. .

"You mill'be scored on your-ability to follow the SUP
for doing this task";

rYou will be rated as to the smoothneSs of your landing";

"To receive ciedit, jou rbst get the exact answer for .
each problem';

etc..

Description of test items. For example,

"For each problem, record.vour answer to the nearest
tenth. Show your calculations";

"Troubleshoot each malfunction listed and record the
part to be replaced: Do one at a tine, continuing until
you have diagnosed each malfunction listed";

'Circle the letter indicating the correct choice; A,

etc.
.

Note: If the test is A written one, it is a good idillOko
include a- sample item with the correct answer. One
sample item is worth many words of instructions.

General test regulations. For examplet, -

"Do not talk to anyone--talking mill cause you to fail
the test";

"Raise your

Proceed to

hand if you reed assistance";

'the .next- station when you have'finished
the task";

Ac.

jJ-

ro
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Figure 4-1," Sequence. of Operations for
- Constructing the Item Pool
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CHAPTER, 5.

SELECTING FINAL TEST ITEMS

The preceding &looters have desFribed how to construct zest item

-fer a CRT. The key characte istic '' these items is that they are develioped
. to measure tte degree of attainment f an objective. The items you will .

. select for thee-final version of yog CRT will, therefore, depenb primarily
upon how effectively ach 'tem discriminates between those. have aahiewed
the objective ando_hose have no . In addition,,good. iterswiTI not
confuse trainees, and wil pass rexpeis by peers and experts. The seqoenci
of operations for selecting final test items from the item pool is shown
in Figure 5r1 (foldOut at the end- of this chapter).

IV

In or4eil to select final: test items, you will ne ed a pool of about
"tkrice as ran* potential items as are requirga fqr the final version of your
CRT. Ydu have 01-readyithecked each item to rake sure that it matches its
objective, and that the -item is clear, unambiguous, reasonablyeasy to
aqminister, and at the appropriate level' of fidelity.

Even after such careful re-examination, it is important to try out the
items. It is through tryout that problems*mthich you canpot anticipate ray
become apparent. In this,chaptb-, we will discuss how to tondupt an item
tryout and-How to use the results. In addition, we:will discuss other
ways -of reviiWing test items, to help you - select the best ones for the final
'version, of a test. The 00-Proddct will be a final vers4n of a,CRT which

ready to administer.
f

,

1

"TRYING Otit.:1HE ifEM PbOL fr

4.
.

) Selecting A Sample 6
4 ,

The sample of persons you use tattry out the test items musinciude : ° ,

persons who are similar to those for whom the test is Mended.' Here we
must keep in mind the purpose of theitems7rto differentiate between those
who have the Uowledges and skillq to reach the objectives on which the
items are based, and those who do npt. So, aboUt half ofjybur sample
should be composed of people who are "mesterethat is, 'people who halo

.

already passed the course segment that your. item pool is testing,. or those '

4

4
5-1
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who'are knowii to be competent In the subject ratter area,' such_as'instruc-.
tort, or others Rho. are alteady knOwn to be qualified. -The-othe.r half
sivuld composed of people. who are taking, or are likely to take, the
instructional raterial for which you are developing a test,- but who have
not vet passed the course, unit, or lesson in question. The setorld half:of
your sample, Viet,. should be =posed of peon-re who will tre taking the va,
but who are expbcted to be 'non-raster?' (silica they have not yfit. had the
appropriate training). .Thus, about half Of your sample inky.be expected to

:6%14.01 on the itams,in your item pool whilie the other half should not.

Suppose you had developed ai item poOl for irfdividuals who have &m-
eted the individual tactical training aripocent of WT. u"no you

.out yoior item pool on?. Half of yotir -sample should have people wit) havealready bden 'trained end tested 9n thiS.comporient BCT. The other half
shoulebe corosecE of individuals who are in 8CT out who haVe not yet btrained in the individual tactical training component.

7 o

Suppose your test is intended' for experienceds intelligence spec ial ths.Again, half your sapple should 6e, composed of such specialists; but the otherhalf should -be composed of people wlio haVe_been traine.drat ineelligence
specialists, and who are not yet experienced. It would bt- inapproPrjate

peopleuse pple who have not received any trainino as Intel igence specialists,
since tne purpose-df-tfte-test is to identify those intelligence specialists
who have had exper,ierice, from those- intellioente spetialists who have not

Try out your item pool on the same type of people as those -whti-will take( the final version of your test. 'Half the people' in
Stour -tryollt sample should be wreasters," and- the other half :
should be -Inon-flesteri".° - - ,

If your test will be given to several different groirps, you should-- try -out theite-a pool on samples of 'masters" an 'non-Masters" from -each- grOup.

Sample Size

The flirter. of individuals to include ih your tryout sampleriust be \given careful consideration. including" too" rrany is- rarely a problem; the\difficulty lies- in deter-Mining- the minimum number of people necessary forthe tryout. There are two factors to consider in.making this, 4'
The ntim6er of iteirts;'in your i-tisi pool .

. , -- . . .,, . - . 4The Size of the population for ADM the ;test is intended.. intended
.

. ---

s



The-firer` oritRms in your item pi:1i] is the nost critical factor.-
,Ifou lint MVe more people .in your:sample than items in your tryout pool.
Otherwise ydli won't be able to use the t-gout results properly.

In general, you should have at least 50 percent more people
in. your sample than iters in your pool.

For example, if ther4 arm twelve item
a sample of at least 18 people (nine
If possible, it is better to have an,

in your ti-yout pool, you vin need
".masters" and nine 7nov=masters').

en larger tryout sample. .

The greater the proportion of people in your sae to items
._

in. your pool, the more likely it is that your item analysit
results will be- reliable.

The second factor to` c,

sample is the size of t
principle here .is:

.

nsider in determintag.the size of,the tryout
population. for whom the testis intended. The

a

The tryout sample size should be proportionally. related toy
the size of the ppulation for which the test is intended. a.

That'is; the larger the size of the population for which the test is
intended, the larger the tryout -samg1R. shbuld, be.

-A

Ti) be.represintative, a sample should have enough people to.rgflect
the composition of the test population. -There are no set rules for relating
the sample site to the Size of the test population, but Figure t-2 provides
some'guidelines.

r
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yoar test will be adMinistered
about this many people during one
le:

.

Thin the cumber of pezple in jour
tryout semple should be about:

..

20 or less
--,

30'

50

100

200

500

.

1,000 or more
..,

.

.

8 to 12

12 to 15

I5'to 2Th

,

1....

w, 25 to 30
.

40 to 0 .

70.tq 80
. .

80 to 110
.

-..

-..

.

Figure 5-2: Guidelines for Choosing SampIeiiit-,,

pepu-1-n-lor whom the test is _tntendeds small, the sample

size can also be scalrand still be Effective; .$0, for small populations,

thesample size is more likely to be set by the number of items in the item
pool. 'For example, if the population for, a specific CRT in one adlninis-
tration Will be about 20 people, you can see from Figure 5-2 that eight
people will be enough for the sample (you would actually select four

"master and four s'non-mastere). But if your =Lest Will have about-six,

items, then your it pool will have about 12 items. Thus your sample
should have at.least 18 individuals (number of items in pool plus fifty

percent).

If tha test population is large, the sample size will be determined
more-by the size of the population than by the number of items in the test.

.Remember that the number of items is the most critical' factor, So, never

use less than 50 percent more people than ftems,**en if. the sample could be

smaller based-on-the population '--=

There.is one other important point in selecting a sample that will

be representative of the test population:

IThe tryout. s=ple Exist be rartddm.

I.



This means that the individAls chose front among all available people of

the appropriate type should be selec by chance. If you use a random
sample, you will have the best reoresentation of the test population.

.ta

It's very simple to construct 3 random sample. First, obtain two
lists of the appropriate types of people ("resters* and ',non-masters')
availahle for the tryout. Write the mares of the "rasters" on separate
slips of paper and place the slips in a helmet. Shuffle the slips
thoroughly and, without looking, pull slips out of the helmet. When you
have p'.11ed out as carry slips as needed for the "masters' half of the
sample, keep these and throw the rest away. Then, make slips for the "non-
nesters' and repeat the process, ending up with the necessary number of
'non-masters.' You will then have a random sample of the appropriate
number of 'resters* and anon- resters.'

Let's consider an example of determining a tryout sample. A very
likely sample could be students who are about to start a training cycle.
One group could be pretested (that is, tested before training) and called
'non - masters.' The second group, could be pasttestw (tested after
training and called 'nesters.'

-Determinatibn of Test Tryout Samples: Illustrative Problem

The test is to be five its in length. The course cycle has SO
people. Detenmine the-namber-of people to include in the test tryout
and the numberof items. Assume you will use students in a current train-
ing cycle to develop the test for the next cycle.

Solution:

'NO
T. A five-item test requires 10 _items for the tryout pool.

2. A 10-item pool requires a minirum of 15 people in the
test sample.

=
3. fifty people in the course cycles calls for 15 to 20.

people 4P the tryout.

Randomly select a minimum sample of 16 people for the
tryout, since the same amber of people should be.in

s , each group.

5. Randomly divide the l6 into two groups of eight each.

98
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F.

'Admirister the 1--item occa tO eight *non-masters*
...before training te-Ans.

7. Ad:lid/sta. the 1O-it pool to eight 'masterss' after
the training cycle is completed.

Canductino a Tryout.

flow that you have selected a sample, you are ready to conduct a try -
c4 of the it pool. The tryout should be administered in a standardized
fashion, just as if you were givizg the.final version of the test. (See
Chapter 6 for a detailed presentation of how to administer and score tests.)
The item pool used in the tryuLlt is litely, to tote twice as long for a
student to complete as will the final version bf the test, since it contains
about twice as many items.

Here are some 'conditions you should establish during the tryout of
the item pool:

elf possible, have someone else aOminister the item pool tryout;
so you can be free to observe thh process and note problems.

Individuals in the sample should be informed that they are serving
in a tryout to help develop a test. They should be asked to
make notes of confusing or ambiguous items, and of anything
they don't understand.

Essentially the same instructions that will be used with the
final version of the test should be used. It fay not be possible
to make these instructions exactly the same, since the test in-
structions may be modified based on feedback from the tryout.
Certain test items may be eliminated by the tryout and subsequent
review, so instructions associated with them, will also be eliminated.

The trajeaut fs also used to evaluate the instructions: Lack of
clarity, ambiguity, etc. should be noted by individUals in the
tryout sample, and the instructions improved. (It is important
to test for knowledge and skill' in the areas covered, rather than
for understanding of test directionst) Also, remetbet-to give
everyone in the sample the same instructionsthis isimportant for
Standardization.

Test conditions should be the same for the tryout as they will be
in the final version of the test. Do not try to short-cut the
specified conditions as this will affect your tryout results. For
example, if items require.the use of a 250 foot high jump tower for
parachutist training, use that tower, not a 40 foot high jump
platform. If a test item calls for outside administration, give it
outdoors, not inside,

5-6
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tacteiten should be adbindsterd fart Is it will be in the test
itSerf. This means, for e*.iple, that if it requires three test
administrators to athinister the nal form of the test, you
should also use threetgst administrators in the tryout.

Test standards should be the saran In the tryout as in tha final
veTsion'of the tat. You rust Wcireittl to score the items for
the ,people in the tryout eactlOs you will for the final version
of the test.

The tryout should to cont.r,cte4.44.Aly at if it were the final version
of the test. Se-sure to administer.* tryout in exactly tie spe we/ that
the test will be given.

Conducting An Item Analysis On The :TM lit Results

There are a number of techniques that can be used-to help sput.bad
items. -All rake use of the.follOwIng principle: f

cceptabje items discriminate betwon 'Festers' and Ilion-
.sters.' Unacceptable iiems are incapable of raking such
a discrimination.

One simple and widely used item analysis technique rakes use of a
statistic called a Phi coefficient (s, for Short). The data required to
use are:

Which people who fail an item are loa.stere and which who
fail it are *tion-Masters.' .

which people who pass an item are *Masters' and which who
pass it are *Non=Masters.'

Ifyou have these four bits of data available, you can cal'culate the value
of 0 for each item.

.
Calculating 4

Let's look at an example of calculating s. Suppose you have planned
to have faun' item in your test. You hive built an item pool consisting

5-7



tsf eight iters. To obtain a, pr -r siiiple consisting of 12 individuals

= SD percent rcre than the nutber of items, and the population for
Ifibmm the test is irtended is fairly trail). Figure 5-3 tbous the

of yot?r tryo. .

.7 Recall that it as suggested earlier in this aepter, that approxi-
rately Ealf of the people in your tryout sample should be 'masters' (that _

is, people who hate alma* completed the training segment that your CRT is
being-developed to tegt, or experienced people mfio are atknomiedged ',asters'
in the area tested). Tbe her half should be people iAbom yo..) not
expect to be 'masters' (that is, r.t..?; *tr.& efe net necessarily knoxledzer

able in the sJb:Iect ratter being tested, or 46o have not bad the appropriate
training).

Trainee
iNasterk I

or
ttizrastee

. Item Member *
7 2 3 4 5 6 7 8

er of
* Item
Passed

/
Tl N P PP PPPP P 8

T2 N PP'PPPF FP 6

T3 M. P F PPFPPP 6

T4 M PPFP.PFPF 5

T5 M P F P P F PPP 6

16 /4 'PPPP F F F 4

T7 .NM .PP F.PPF PP 6

T8 NM -F.PPFiFP P 4

T9 NM P'FPFFFF F 2

T10 NM F F.F PPP P F 3

Tll

T12

NM

NM

P F.'. E P F , P F ,

F F P F F ;F F F

-3

I

NitqW Passed - ?asters 5 4 5 6 4 3 4. 4 35

Nteber Passed - Non- Masters 3 2 3 3 2 ,/1" _:3 2 19

Total Number Passed 8 6 8 2' 6 4 7 5 54

''''
--

*P = pass the item; F' fail the item

.

_ _
-

. .. -

Fivre"5-. Results of Item T;;Qt

I
f.
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how, let's compute the 4 coefficient for the items in Figure 5-3. 0/
Look at Item & For Item 4, we need:

I. The nudber of ItaAers' who g;ave the correct
answer to Item 4.

2The number of feasters° who cave a wrong answer
to Item 4.

3. Tie cumber of 'non - meters' who gave the 'correct
answer to Item 4.-

4.- The number of °non-casters° ufio gave a wrong
answer to Item 4.

Figure 5-4 is a matrix which helps organize data to sinplify compu-
tation of *. Let's put these data for Itm 4 into the natrix in Figure 5-4.

.

Figure 5-4. :Organization of Tryout Results
For Computing * for Item 4

In the upper right margin you write the total of 'WVthe total number
of °rasters.° The lower right margin (C40) then is_filled in tosshow the
total number of people in the wnon-caster° group. The bottom left margin
(8+0) shows how many people failed the item, while the bottom right margin's
total (A+C) shows how many passed the item. The marginal totals (both the
right margin and the bottom margin) rust equal the total number of people
in the tryout sanp,le. .

It is important to set up this matrix exactly as shown in Figure 5-4.
0 _

The technique will not workxcorrectly if you don't.

Figure 5-5 shows item/test matrices filled out for each item shown
in the tryout results presented in Figures5-3. Compare Figure 5-5 to
Figure 5-3 to see how the ratrices in Figure 5-5 were filled in.

5-9
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Now, you are ready to calculate the value of 4 for each item.

Figure 5-5 shows the formula for .calculating 4.

=
(A4-8)(C40)(A+C)(3 -10)

That is: the numerator of 'c equals the value of cell A
Oultiplied by cell I3 minus the value of cell B rultiplied

by cell C. The denominator of 4 is the square root of

the rarginal totals multiplied together. 4 of course,

is the numerator divided by the denominator.

Figure 5-6. Forrula for 4,

Now let's calculate c for Item fl. Looking at Item #1 in Figure 5-5, you

find the following values:

A =5
8 = 1

C =3
0 =3
A4B

. A+C =
B4-0 = 4

C4-10 = 6

Substituting ttese values in the formula shown in Figure 5-6, you get:

Similarly,

c for Item fl

5x3-1x3

(6)(6)(8)(4)

i2

12

34

= .35

0 for Item 14 6x3-0x3

. (6)(6)(9)(3),

18

y/Tir

18

. -5-11
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a

Mote: Appendix D showi.the square roots of all members frOM
to 1,000. Youcan use this tablets) help in your

calculation of 0.

Using 4

The range of values of 0 goes from -1.00 through zero to 41.00.
The4value_of 0 for a specific calculation may be anywhere in that range.

- Figure 5-7'shows the range of values of 0.

s ,
-Values* .4 ray fall anywhere along this continuum.

+130
I

i

-1.00 -.75 -.50 -.25 0 +.25 +.50 +.75 +1.00
%._

.., .-..-- ,

"Warning Flag" Acceptable Item Values

2

Figure-5-.7. Range of Values of

The values of 0 for all eight items in the tryout are shown in
Figure 5 -8.

,

Iteifl

.

. 0
i..-

1 - .35

.2 ... .33
-3 .35 °

. 4 .. .58 -

, 5 .33 .

6 .35

,

7 .

8
.17 "

, .33

Figure 5-8. Values of 0 for Items'inTryout Sample

-If the value of 0 is less than f.30 or is negative, the.
.Item may be a poor one. Regard values ranging from +.30
to -1.00 as- "Warning Flags" that something may bemtong.

r
with the item.
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4

A valtie less than +.30 means that the-it toes not discriminate very well

between how masters and non-masters d. A negative value (-.55, for

example) means that non-masters do tter on the item than Tasters.

The values of for the eight ilems suggest that Item 4 is the best,
Wowed by Items 1, 3, and 6 and then Items 2, 5, and 8. Item-7 in the

example may be a poor item. Take a-close Took at this item before deciding

to use it. (Your tryout sample may have been, poor, or there may have beeil

something wrong with t& administration of the tryout, etc.) You should
always, regard an item with a 0 coefficient ranging from -1.00 to +AD with
cautionsomething may be wrong with the item. ft value of greater than
+.30 indicates that the item is a candidate for inclusion in the test.

Summary of Using 0 in Item Analysis

1. "13 is best used when iteMS.are scored pass-fail, go - no-go,
acceptable-unacceptable, or 1-0, and when there are about the
same number of persons in the "Masters" and "Non-Mastersn.groups.

2. To compute 0 for an item, determine:

A. How many "Masters" passed theqtem.
B. How many "Masters" failed-the item.
C. How man "Non-Masters" passed the item.

D. How man "Non-Masters" failed the item.

3. Fill i nformation determined above in a table such 4i
this ne (and_ make the additions indicated in the 'right and
bott m margins of the table):

"Masters"

. "Non-Masters"

Wet

Item

Fail

B

Pass

A

C

B+D A+C



. Caliulate 0 by substituting the values from the table into
this. formula:

AD -BC

--.1.7(A-1-6)(C+D)(A+C)(B+0)

S. If the value of 0'for an item ranges from -1-.30. to -1.00, consider
_ it a Iliarning flag" for thati *stem: rzy careful attention to the

item because' it may be a poo one--it is often better to-throw,
out that item,develooa new one and try it out.

Other Points About Item Analysis
r

0 may be used for conducting an item analysis of almost any CRT item
pool. It is the technique of choice tiYhen the items are scored .fipass-fail"

or "go - no-go.", However, 0 can also be used when individual test items
are given point values. In such &ses it is necessary to set a "pass- fail"-
cut -off score for each item. 1

- . -

1.-- , ..C.

Ther ,are other related statistical measures which are moreNappropri-
ate in of et situations and scoring artangements. These will be found in
most stan and books on elementary,statistics.*

The 0 technique desCribed hereis,the recommended technique for com-
puting item analyses. You should be aware, hoWever, that if you have a
very small sample,say less than 8 people (4 1,1asters" and 4 "Non-Masters")t
0 may not be appropriate. In such a case, you will have to, resort to a
more simple (and less accurate) technique.

Item Analysis by Inspection
#

, %

If you have less than 8 observations, is inappropriate. In,such a
. case, simply examine'the minters of "Masters° and "Non-Masters" who

' answered each item correctly. A rough interpretation about item selection
can be made on the basis of judgments about these numbers relative, to each

_ other.

.., ,

*For
, ...

fundamental
i -

.
.

For example: Guilford, J. P. fundamental Statittics P PsyChOlogy:and-
and:EducatiOn,- New York:, McGraw-HilL11965. . '-

, ....;

4
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LoOk'at the.data in Figure 5-3 for example. (Although.we have more
than 8 cases tOi.e, we can use this data to describe the procedure which is
appropriate for small samples.) The best item seems to be number 4, with

6 ".iasters" and 3 ion-Masters" giving the correct answer, Items 1 and 3

. lbok like the next best. Five out of 6 "Masters -Iiiied these items,
while 3 out of 6 "Non-Masters" gave the right answer. The fourth best items

are 2, 5, or 8. These are marginal with only 4 out of the 6 "Masters"
.giving_correct answers. Among these, the best choice would be that one
which best rounds out the coverage of the selected items. Items 6 and 7

are the poorest of the lot. Only half of the "Masters".gave right answers

to Item 6. It will need to be discarded or revised so more "Masters" will
answer it correctly. There may be an unusual word or phrase in it which
acts as a stumbling block. It.may be necessary to create a new item to
cover that objective. Item 7 shows too little discrimination.between
"Masters" and "Non-Masters."

You can see that these results correspond quite closely with the
results of the.ttalculations discussed earlier. Remethber, the .4 tec ique

is preferred'..
a

You should only use the inspection method if you have -
less than 8,persons in your tryout.

Cautions on Use of Item Analysis Teniques

There are a number of cautions that you should bear in mind when
using item analysis techniques on CRT item pool tryout results, These

include the fopowing:
.

1. An item analysis will only serve to warn you which items may
be inappropriate for the final version of a test. It will not

tell you which items are necessarily good. A low or negative
0 does not mean that an item is definitely bad--it just means
that you should consider it carefully before including it in
your test.

2.1 Use the most appropriate item analysis technique that your data

will permit. 0 is the technique of choke unless your sample
size is very small.

3. Some items may be'"chained together" on certain tests., That
.1s, they may all be a part of one performance measure. For

example, a CRT on the .disassembly of a specific weapon may have-
10 steps, each of which,is treated as an item andis scored

go - no-go. Each of these steps must be completed in-tn-urior
the weapon to be adequately disassembled. But--if all steps F

are relatively difficult to perform (that is, some people fail
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them, and some people paSs thea except for steps 3 and 4
which are very easy, and Which tryone passes, an item
analysis would indicate that 3 and 4 have a very low
value-tprObably around zero. -t is, !teas 3 and 4 in this
case, do not discriminate well *Pesters! and fibn-
iiasters." Thus, you have a "tarn g flag* for each of these .
two itens. But, you cannot throw rrt these item, since they
are necessary steps in the disasselly of the weapon.

Uhenever you have iteas that are *Opined together' such as
Items'3 add 4 in this example,, you 411 not Pe able to throw
some of the iteas out and keep other. You 4611 either have
to ut or keep them a

\)
REVID1ING REVAINING TEST ITEMS

So far we have discussed only one way of.selecti 3 test ltirs:
thd use of item analysis techniques. Since item anslysis, 1 qnry pro-
vide *Warning Flags' concerning items which may 12e poor yon . t.require-
additional ways'of judging items. Remember, sincd you'have created man
item pool of about twice as manY items as your, fThaitest requires, r:.
goul'is to choose the best items for the final version ofoyout test:* It
is not necessary to eliminate exactly half of tlid.iteas in your 'pool, .

since you .can always use extra items to cake alt&nate forms of tk test.

Theri are several ways in which you view items 4n the item.
pool as supplements to the item ana llvylare all .es7sentialty sub-
jective types of review and incl :

dn

*Feedback from individ0S'in the trjout sample.

*Peer review

Forral review by test evaluation units-
.

4Fornal review by subject matter experts
k

,

Feedback From Individuals in the Trvout:iample

f

C., H ..:.--...-- A
4,'' -. 1 4.. 1... 4.

4.:.. -4- i -.
.'

..t

-
A 4'

Feedback from the indivi;ivals in your.tryo sampie-can be extremely
_useful in helping you idenbify problem itens QAss discussed .in _thy section

_on adminIstertpg the trApt, students should. mmite down mItunOrstandlogs,
of. confusion, andbiguities noticed. during the'triEgut. yo4-ray"

=e' -mane to use a worksheet, such es the one tho*4 in Figliee 5-9, t4:_qp
-
t,

Teta, irkdifficiilttes with-the tryout.
, .

.
1.09-
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Item f Did you =ler-
stand-the
instricticns
for this item?

Did you have
enough time
to do this
item?

Did you under-
stand how you
would be
scored on
this item?

Were the equip-
rent and facili-
ties for this
itea suitable?

1

2
3 -

,

.

.
.

Did you have any difficulties with the general test instructicns?
What were they? ,

If so,

(Use as wch space as necessary)

Describeiny difficulties you had with items."' .

:
. (Use as nuch space as necessary)

.

For each *floc in the table above, describe hat the problem was.
. .

(Use is Truth space as necessary)

Any other coaments viii be appreciated.

. .

(Use as .much space as necessary)
.

.

,.,

figure 5-9: Worksheet for Recording Feedback From Tryout

.

.

If you,use su a rksbeet, point out to the individuals who complete it,
that their ho t feedback will help you to ixproire the test. Nate that
the column headed *Did you have enough tine-tb do this itenr is not rele-
vant-if you have items which involve .tire requirements or production rate

standards. This colt.= is intended to see if the individuals have enough.
time to complete ite s for which speed is not a part of the standard.

If many individuals (more than 2111 of your iazple)
have difficulties -with the same item(s)., the.item(s)
4ilquestion may be poor.

a
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If you have been able to get another person to actually administer
the tryout for so that you are free to observe, you should Erie the
following points during the aiiministration of the tryout: . .

Did the trainees appear to- follow the instructions easily? (If
trains appeared cofused, you may mant to ask them to repeat
the instructions in their own wards. If they do this

- adequately, rake a note of the confusing instruction and revise
it later.)

hate questions asked by trainees. You may reed. to revise your
instructions to take care of questions which cone yp frequently.

*Note problems wit or equipm_t. Such probls may
include ralfunctitning euipment, equipment breakdowns, poor
layout of facilities, hazards resulting from equipment or facili-
ties, administrative difficulties in running trainees through the
test on time, etc.

If different perforrance measures are taken at different 'test
stations,' note if there are any hack-ups or bottlenecks going
from station-to-station.

Vote whether the test administrator is able to adez,ntely observe
the performance of each individual. Also check to see if the
administrator is inadvertently helping the trainees to do better
tan they coUld do by themselves. ,

If you observe trainees making mistakes, talk with them to find
out whether the mistake was due to a risunterstanding of the item
or to an inability to perform.

You can use this record of observations to help discover poor item. In
addition, sore observations may aid in improting instructions, facilities,
equipment, andother conditions of administration:

It is a good idea to have several administrators score each trainee
independently. This is especially important ff subjective rating scales
are used. dote items which administrators consistently score differently--
thdse may be poor

Peer Review'
M.=

7.

. w- 1 .

Another useful technique for eo4aluating items is to have peers review
them. These should be fellow instructors, fellow test developers, etc.
Ask your peers to retiew your item pool and to cakenotes of any items
which they think should be revised or eliminated. .

1.1
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Fornal tenlew by Test Evaluation Units

Another important type of item reviem is provided, .test evaluation

:chits. These units range Iron post eduoational advisors",ind their staffs
to entire groups use sole purpose is the evaluation of test materials.
The to unit will be especially good at identifying problems
With items that violate establisred testing principles. For exampl-e, trey

nay easily idenfify items that are *give amaysi or are too easy.

You should also give the test evaluation unit a list of the objet-
tires, along with your item pool. They can then check to make sure that
your it match your objectives.

Formal Review by Subject Metter Experts

Obtain a review of your item pool by subject ratter experts. Since
test evaluation enits are often not experts cn any particular subject
ratter (other than testing), you should obtain a separate review Jy subject
natter experts fol- those teSts on which you are not expert in the subject
natter.

A subject ratter expert can make sure that the content of your items

is accurate. Request that,the subject matter expert note any items which
are confusing or misleadirg. Remember to give the subject ratter experts

your ibjectives, also.

REDUCING TEE rrEm POOL

*,
Now that you have completed an item analysis and submitted your item

pool to a review, you are ready to reduce the item pool into a final test.
Your goal here is to end up with a final test which incorporates the.best
items.

Figure 5-10 shoals a simple may to summarize findings- about it s. In

the /Item analysis" column, check any items getting a 0 from +.30 to -1.00.
In the "tryout feedback" column, check the items with which a significant
proportion of the people in your sample ;more than 20%) had difficulty.
Similarly, check the items which peers, test units, and subject natter ex-

perts agree are.popr.

112
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Item i
Item

Analysis

Tryout

Feedback

Peer

Review
Test Unit
Review

Subject Hatter .

Expert Review

1

2

3 . ,

r'
4

1 \,.__
.

etc.
.

.

Figure 5-1-0. Item Pool Review Summary Sheet
(Check item identified as poor)

Figure 5-11 shows a sample Item Pool Review Summary Shy filled out
for an item pool containing 10 itens. Notice that Items 1, 3, and 4 -
4ppear to be okay.: Neither the item analysis, nor feedback from the try-
out, nor any other form -of item review found fault with these items. Item
6 had a low t value, but since no other form of.review found fault with it
it is probably okay. Similarly, Item 7 may be okay, but you should check
its structure- -the test evaluation unit may have suggestions for approval.
Item 9 was found poor by all techniques except tryout feedback; it should
probably be elirdnated.

Item 2 may have faulty structure since iten analysis and the test
unit review found fault with it, and since it confised the people in the
tryout sample. Apparently its coverage of the subject matter seas a
priate. Item 5, on the other hand, may have faulty content but
structure.

Item 8 was found Malty only-by the subject matter experts. .Thus,
it may have a technical error. 'tea 10, though, had a poor rating in the
if..em analysis, caused confusion to the tryout sample, and was found faulty
by the subject matter experts. This item should probably be eliminated.

In smeary,. Ittims 1, 3, 4, and 6 could be used in the final version
of your tiftt with no changes. items 7 and S nigh* be made acceMple with
slight modifications, While items 2 and 5 worild probably require greater.
efforts to Fake them acceptable. Items 9 and 10 should probably be glip-
irated.

4 t
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it #
Item

Analysis

Tryo..it I Peer
FeedbaeA 1 Review

1

Testqval-
P

uatin Unit
Review

S.,:bject. Fatter

Expert Review

1
.

.

.

2
V V i V

.
,

3
1

,

.

.

4 _.
i

.

.

,
.

I

6 1 .

7
. .

8 ......., I /

I
V 1 V Y

10

Figure 5-11: Item Pool Review Sumnary Sheet with Samole
Entries For a'10-Item Pool
(Check Items Identified as Poor)

4

The Item Pool Review Summary Sheet is just an aid to help you organize
and consider the information you have collected about the adequacy of your
item pool. Your own judgment must still'play a for role, since you are
more familiar with the items than anyone. So, using the Summary Sheet as
an aid to your own judgment, you can decide which items are okay, which
need improveept land what kind of improl,eaant), and which should be elim-
inated. 4

a
What To Do If You Eliminate Too Few Or Too Many Items

Often you ray find that you have not been able to cut your item pool
in half, or, on the other hand, that you have had to eliminate too many

items. You don't really have a problem if.you haven't been able to elkmi-
nate half the items in your item pool. la fact, you should be pleased- -
you have demonstrated your ability to create good item. What's more, you

now have a choice. Either eliminate items-by personal preference, or use
the extra items to create alternate forms of your test. If you eliminate.
items by personal preference, be sure that you follow your test plan. For

4



eFriple, you may have pl I2-item test with 4 Objectives and 3 item
pea. objective, and a Rr reducing youi item pbol, find that lou have IS -
itenS with vitich to fake the final version of your tt. Be sure that you
have 3 items per objective, aft gr you discard the 6 extra item. 1)::,n't
wind up with S,it for I objeaive and 2 each for the other 3 objectives.

. ,
If you use the extra item to create alternate form of your test, .

recezker that alternate form can share i in common. Suppose, for
example, that you have eliminated only 2 item from an 8-item pool, and
that the final version of your test requires only 4 itemi. Figure 5-12
shows the possible alternate fel= of the test you can rake with the .5-
item, assailing that the item are intigp..ent and all'are related-to the
smR objective. !iota that F,Prh of these fifter_. f.orms has at least I item
diffirent from other form. Each ftirm,,though, has at least half the
item in cignon with ary other form. Each forTa should be equally suitable
as a final veriicn of your test. (Note.--there is non for 59 overlap,
it just 'works out that way in this example. If you had enough item left,
you could create alternate test form with no overlap. 5uch noricverlApping
versions are called 'parallel test forms.')

If you eliminate too trany item from your item pool, and don't have
enough left for. the final version of your test, you will have to create.
new item 47

Fbrms

Item f' I 2 j 3 J 4 5 6 .1.;p, 10 11 12 13 14 15.

I : It Al i° ii It! . I
T'2 I/ V I/ V

, .

Y if if- %

-3 ..V ifillr. V if V

4% . 14-I if I itr I/ ii:' ir if V

1/ V
/

''! 4 .11 lif_ : it- II V

41, V 4/44/ ,' _ii, -i- V

Figure 5-12. Alternate Test For= Possible f
"7 Four-Item Test Made From Six Hera

115
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If you must create new.itens, you shou.ld repeat the entire tryout item
analysis and item review procedure using a new tryout samplerand including
the good.items from the firtt tryout plus the new items. Often, though,
you won't have enough tirke to do this. So, if you can't repeat a tryout
(sing a not _sample, try only the mew items on your original sample. You
can then compute new item analysis values for the new items. Then
feedback from the sample on the new items, and submit the new_iteesfor
review by your peers, test evaluation unit, etc.

4

4
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CHAPTER 6

atutdsums ',up SCORING CRTs

This chapt. er will familiarize you with procedures for administering

and scoring CRTs. Efficient and objective methods of testing, accurate
scoring, and fairness in interpretation of scores a.re essential in CR

testing. This chapter will help you achieve these goals.

CONTROLLING THE TEST SITUATION

Although, the use of a CRT implies that you are not interested in
comparing the performance of one person with another, it-is still neces-
sary thatkAteraction among trainees in the testing situation be prevented
(unless, of course, the objective calls for the cooperation of two or core
people). This simply means that, in paper-and-pencil testing for example,
persons should be seated a reasonable distance from one another and. within
easy view of the supervisor; and that in group, tests of performance, suf-
ficient isolation should exist to_ finder,

or observe one another.

Whether testing is conducted individually or in groups, it is
-e?iential that test administration conditions be as nearly identical
as possible on all testing occasions. This is necessary for proper
assessment. .for example, students should not differ greatly in their
degree of fatigue, hunger, or on any other factor which could affect
performance. The tester should also standardize his own behavior, his
manner, and tone of speech when administering CRTs. Figure 6-1 (fold-
out at the end of this chapter) shows the sequence of operations for
administering and scoring CRTs.

Controlling Environmental Variables

When .administering CRTs,. environmental conditions such as lighting,-
temperature, and background noise level, which might affect performance,
should be standardized for all persons tested. For example,.if the test
involves visual acuity, the surrounding lighting must be very nearly the
sane from test-to-test. Conditions such as heat and humidity can seri-
ously affect human performance, so that, especially for objectives-

.
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requiring prolonged effort and concentration, groups tested at,720 F.
fight be expected to outperform equivalent groups tested at a humid
95o

Normally, the conditic4s required for testing should be stated in
the directions. It. is the responsibility of the tester to ensure that
these conditions exist at the time of testing.

Controlling Personal Variables.

Students should be tested under conditions =parable to those
experienced by others who are tested. These include personal, physical,
and emotional conditions. It mould not be fair, for instance, to test
one group of students>rmanual dexterity in the morning immediately
following breakfasi:4and to give the same test to another group in the
IneTni6g after a day of strenuous physical activity. Subjects complaining

'of minor-illness may be excused and tested at a later time at the dis-
cretion of the test administrator.

Instructions and Tester Variables

. Instructions Must be uniform for all persons tested in order to
minimize the possibility of cues and helpful, hints becoming available
to some persons and .nqt to others, The standard test instructions
should either be read, or recited from memory. Some typical and rep-
resentative instructions for existing tests are shown in-Figure 6-2.

The responsibility for standardization of test administration
conditions rests-with the testadministrator. This, includes standand-
ization of your-own behavior--the test administration ,procedures which

you follow. For example, you are responsible for the proper timing and
termination of the test.

t

In Chapter 2 the test designer was asked to keep injmindthree
main parts of a good objectjye: Performances, conditions, and 4tandards,_
You, as test adminiptratori should- also keep these componentS!iniiind.
It is your responsibitityto follow-the.specific guidelihe4 !Oa giveh
PRT.
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Stated Test Objective igstructims-

tral/Written-
Made

. Placing the M60 machinegun
into operation and performing

immediate action

. Passage of obstacles at
night and reaction to

flares

. Demonstrate an ability to
comprehend written Russian
by reading Russian prose
passages and answering
questions concerning them.

'At this situation you must Oral

load the M60 and engage

a target at . meters.

You have three minutes.'

'At this situation your unit\ Oral

is moving in the area of -

an enemy defensive position

under simulated night con-

ditions. You must cross

a wire obstacle, astrench,

and a danger area in order
to reach your objective.
Use nighttime techniques.
Se-prepared to react to

an aerial flare.'

"In your test booklet you
will find three passages
from Russian novels. Read

each passage carefully,
then answer the multiple
choice questions following
them. You may go back and
reread parts of a passage

if necessary. You have 30

minutes to complete this.

test.'

Figure 6-2. Typical.] Test Instructions

Written

Many objectives as written, are primarily product.oriented. You

, "should however, feel free to gathir additional precess information it

such information appear& to be useful.tn an auxiliary way, and-can be

obtained without interfering with the performance of those taking'the

test. For example, a trainee may be required to repair a radio/tele-

phone. The 'product' sought is an operationeradiateIeOlone unit.

'Process' information which might be noted-includes style of work,

care of tools, and adherence to approVed procedures.

12
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figure 6-3 shows some typical. steps which help ensure standardization
of your own behavior in test administration propelures.

Fam Tiarization

d instructions and test
i if possible observe test as-

g en by another tester

Set Up I
Check environmental conditions
against those specified

-adjust when necessary

Set Ui 2
As le necessary test caterialsL*

Instruc
Read
Give

Admission and briefing of subjects
Check that work area is standard
for each subject and that all
have necessary materials

ions

subjects
rder to -begin

Scoring
"-During or after test as pe-r2.-.1*

specifications

Process observations"
Subjectis individual work styles
Adherence to standard procedur
Etc.

Use of-Scores

Figure 6-3.- Some Typical Testing Steps.

Remember, you rust ensure standardization of all aspects of the test
situation. Figure 6:4 sumarizes the components of the, test situation
which you, as test achinistrator, must be sure are standardit0i.

ote
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&aponents
.

Exampl es

...

Envi ronmenta 1 Variables

.

,

Lighting conditicins

noise level
Temperature

Humidity -
t

f
.N

Personal Variables

.

State of hc31th

Time since rising
If& since last meal

.

.,

Inttruct.ional & Tester's

Variables

-

. Witten or spoken
instructions
Variations in tester
work load (especially
in group test situations

. when process observations
must br-made as well as'
product evaluations)

. -

Figure 6-4. Three Components of the Test Situation"

SCORING PROCEWRES

The aim of test scoring procedures is to obtain an accurate estimate

cf the trainee's competence. The less a test resembles a "ands -on"

measurement the more difficult it is to reach an accurate peifortanoe

measure. In cases where the -rdeasures are performance ratings, you should

use several raters to judge the performance, rather than using a single

observation. Be sure that raters are capable of raking the judgments

required. You are then in a position to assign scores with greater

*confidence, provided that the raters agree among themselves most of

- the time. If interrater agreement is very low, you should hesitate in

interpreting the results. If interrater agreerit cannot be achieved,

the test items need to be reevaluated. (More about this in-the "Rating

Scales" section of this chapter.)
V

,
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different of CRT scoring are carieltlyinuse. The
Oro; er scoring retbod,Js ehosen with reference to a particular CRT, and
irt0 cdhsideration.of the complexity of the tasks and/or.products required.
IIE following sections discuss sore cmarron types of CRT scaring, including;

*Assist scoring

6o - no-go scoring

Fixed, point systems

*Rating scales ,

Assist vs. Non-Interference Scoring

In CR testing, subjects generally proceed from the beginning beuend
of a test without comment or action on the part of the tester (non-inter-.?
ference). This type of scoring is oft vl used in tests which call for the.
completion of a series of steps or which require production of a-pre-
specified product. ,

Some CRTS may, however,, require scoring each step in a process.
A; at each step, the student's:performance is approvelrlscored *cal

or he is assisted (and-scored *no-gal before prcceeding. Assist scoring
may be emplbyed for dignostic reasons. Remedial training ray then be
...focused on missed steps. This saves retraining time and expense. Assist
"scoring ray, also furnish valuable clues to areas 4ere tnstruction might
be improved. to large number of errors inistep number 3 of a 6 .tee
procedure for example, may indicate an area where instruction could be
improved.)

Example of Assist Mthod. After pre)imin ery training, afood 'service
course objective might require testing a trainee's ability to prepare .a

large meal. Beret it:marbe appropriate to observe each step in the cleam-
ibg,'PrgParation and serving of the malcorrecting and recording-errors
as they Are obserued. If the entire sequence is carried out _properly,
the product measure will be scored *go,* Iferrors are oUserve4the

tutraidee,ray require additional training on the deficient steps. By
using an-assist method of scoring, ogtbnry is diagnostic informattan
nbtained, but a large meal- is *saved*-nfne: deal can be.servedt The
trainee would be-scored-go'-ge if be was assisted on the test. HowaYer,.
the need for additional training before retest ng woad be Minimized.

- -

.
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'moo - No-Sal Sccrinq_ t

S

_ Generally, noninterference scoring is used with CRT'S. The simplest
r0ninterfemce scoring is *too - no-go* scoring. It is gmmlly used

to sire simple, objective 'lard-skill* processes or products. Since.
the six= is either ego' or 'sue - p,' the action =st be performed for
ther.rcduct asserabled or crated) exactly as specified by the objective.
Tice item is essettially axi observable expression of the standard in the
objective. Either performance On the item meets t.)- standard or it does
ricitthvte is zra 'gray' area.

Alb

Examo les of G-o-- lio-Go Scoring.

A ran is given 10 minutes to detect and replice a defective
transistor in a radio set. He either does (go) or does not
(no-go) have the iunit operational thin the Allotted time. -

The assistant gunner on the ) 4-102 Ptcwitzer has the responsi-
bility for settir2ghe quadrant on the quadrant sight and
firing the weapon. The required processes are

*Turning the counter handle to the approprfate
numerical reading.

*Raiiing or loweilni the tufbentil -the bubbics
on the sight are level.

Firing the gun by pulling the lanyard on -command.

Since this task can be precisely checked for accuracy, a,
passing score (go) is assigned only if no errors areobserved
on ta of the above items.

Fixed Point Scoring

Another type of CRT scoring method is known as fiked point souring.
This type of scoring is appropriate when ,the task or ppoduCt to be sioted
can he broken into several levels which May be quantit41.YelY distinguished,
For example, the item say call for adj4sting values to speCified: tolErzintes.
If the trainee adjusts them to the exact tolerante,,be.gets 4_pOnts. if
he adjusts them to within + inch; he gets-3 points, * Ina 2
points, 4- .003 = I point. No points are awarded if the tinge 3s-.off by
+.004 gran inch or mote,

*

-14
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on ootroonen

a cm-buretcr,
-tett:

to type of fixed point scoring ,uses *go - no-ge decisions
of a 4sk. for example, fraineesmay be asked to overhaul
and a point value assigned to different components oft he

Paints

I

.Task eescriction

Correct disassembly of carburetor
Cdrreh cleaning of carburetor t-
-Correct replact of .lets and

parts of carburetor
Correct reinstallation ofcarboretbr

A score of 4 indicates that all components of the task have been correctly
performed. If the trainee failed to replace the jets and float but. czar-
rectly'Perforined components 1, 2, and 4, he would score 3 points on the
task as a whole. A single test could test several tasks, each requiring
performance on multiple components (subtasks).

Scoring is generally done using a checklist. Ali behaviors (or.-
products) required by objectives are clearly defined. if the objective
involves a produCt, sooring may compare the trainee's product with a sam-
ple product. -for example, if an objective requires filling, sanding, and
painting a dented metal surface to appropriate body shop standards, each
finished product (the painted surface) is compared to standard products.
The top standard is a smooth, high gloss metal surface. if the trainee's
product is sinner to this, be receives four points. The next standard
is a smooth, high gloss meta"( surface with slight ripples._ If the trainee's
product resembles this, he gets 3 points. This progresses down to the zero
point standard,, which is represented by a metal surface which is finished- -

So poorly that-no points can be assigned.

Mixed Scoring Techniques

1*

Sometimes several scoring procedures can he combined in one test.
For example, suppose a test for the position of Radio/Telephone operator
has the following overall Objective:.

"RIO (Radio/Telephone Operator) nust he able to maintain - -

the pack- counted PAC-25 -radio. Maintenanop includeselemen-
tary troubleshooting, spot painting, periodic.cheas-of-
rubber seals for cracks, and checking c b1e connectiont_
for fraying. The operator must demonstrate ability to
translate and transmit frequencies and call- signals :of
necessary units designated in the Signal. Operating7Instruc-
tions. He tust also der:Post-:ate ability to key the encoder
)wfth the Cryptographic Access Codes.''

125



In this example,
by Xiacandieatas:

&fifty -to maintain equip: eat in /citing order

2- toA:staSleshoct fictive

3. Ability .3:OcorneCt3; identify incoming message

4. Ability to accyratelv tram late incomingan

5. -Abilityrto acmrately leneCcee yin es_

So, _we have broken dog) the duties of the RIO into 5 separate skill m-ea
a, rich ray be tested and scored ,,i-Arately.

_ can identify several ob.t4tiv& i be arhiieved

Objectives I and 2 night be sccrable on a go - no-go basis. (Traineg4
ark given a defective PPX-25 and uniform anrr-r ts of tire to have their
set operational.) Cbjectives 3, 4,, aid 5 however, mig# be scored On a
point basis (go assigned for a score above a cut-off point burbelow
100 Percent). tf itesis pertaining to separate stills can be grtruped and
scared to3ether, tie is no real problem in t.ting an cbjktive 2thich
is composed of different subtasts.

Pat ales

P.atlig scales may be used to score ens, when dealing with tore cal-
plex situations than those iavolved in 'go , no-ge and fixed Point tys-
terns. If the objective specifies charTcteristics of an acceptable action
or product, a rating scale ray be appropriate. Eat@ item must be assigned,
a value on an explicit basis, so that independent raters will- be able to
agree consistently on their scoring. If possible, use two or =re raters,
who work independently.

To obtain a rough estivate of interrater agreement, line lip the
scores that each rater assigned each trainee on each iteci. Fisire 65
shows an example for a six-item test taken by six trainees and scored

, by the raters using a 1-5 rating scale. - .

Looking across a row, you can compare the sores assignee by -the
different raters for Bach trainee. In the sFpla data presented, you
can see that there is perfect agreement among raters on items One and
five. On items two, _three, and six, there is -toile iiisagreeMelt,
item- four, intetiater--- t is very tow - -re rateragree-offihe
score for any indliidImi and there is a range of four points between

.41

12#
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so ratirr s on tbat item. Was, for Wald either bate to be
$drastic-MY revised to increase interrater are t, Cr 4roppizA filom

-the test.*

Item Trainee Trainee 2 Trainee 3 Trainee A_ Tram 5 Trainee.

al °2 23 PA. f'il 23 gif 2; 1 alf-1 iii
----,

5 5 3 1 3 3 4 4 ,4 2 2 -'2 :1-

2 -5 4 4 4 4 '4 4 3 1 2 2 4 3 2

3 S 4 5 4 3 3 3 3 3 2 2 :4 4 4 l 2

3 5 2 3 , 1. 4 -2 4- 4 2 5 2 3 1

5 '4 4 4 4 4 4 3 3 3 2 2- 2 4. 4 4 2 2 2

4 4 3 3- 2 3 4 3 4 3 2 2 3 3 2

43=?z-ter; 1; P.?Pater 2. R3=Pater 3 -

Figure 5-5.. Conperistir of Ratings cn a i-items Test

The point system by iehich olirpic divers are compared to an "ideal
dive (perfect perforce of objective) is an example.of a rating scale.
Divert are- not being c-m-pa- red directly to each _other, but. to a 'hypothetical.
'perfect perforrancir frog ittich all divers fall share, Tn scire)qY or
another.

In deielopini rating scales, the point assigncent =1st be tied to
criterion levels-specified in the objective. If possible point assign-
rents should be behaviorally-anchored. For example:

1 = does not complete job

2 = completes 4th in 45 nitrates

la in 30 isinates

4 = cccpletes JO. in 15- istirutes

5 =,7cOttp1etes job. In 5 siniges

"Mere are precise statistical !`g es for Thearing inters
tient. florexample* see:

atift*J, P, Psychometric. Methods. 2rxtiedition, Peir Yor*:
MT, -054, pp. 395-333.



Such behavioral 'anchoring will help to improve interrater agreement.
The techaique is,_nevertheless, clearly more subjective than the fixed
point system, and therefore, places additional responsibility on the tester.
Ratings of ill-defined,.global behaviors should be avoided entirely. For
4ale, a rating scale with item sue) as 4i = ddes job poorly* and *5 =

. does job very welly mould n6t be suitable since it mould be likely toyeasure
rater attitudes and opinions rather than the rated person's performane.

Figure 6-6-summarizes the three typ*of .U:T scoring that we've discussed..

to I Scoring Methods Example
.

Go - No-go
_

Behavior performed correctly
or not, product produced
correctly or not

Trainee gust jump trench after
crouching and checking for
sounds . .

Fixed Point
. Assignment
, : ,

-

.

.

1 .

Points assigned to elements
of a task with maximum score
achieved when all items per-
fectly performed--maximum

points assigned for a per-
.fectly performed task or
perfect product; no points
are assigned if task is be-
low minimum acceptable scan-
dards

In a complex first aid pro-
cedure such as wrappitg a
bandage, 1 point Leyte as-
signed for selection of the
proper bandage, a second
point assigned form-rapping
the wound tightly, a third
for covering the wound con-,
pletely, etc.

Rating Scales Numerical values attached by
raters to a performance or
p .0 in which judgments
of different raters may vary
an8 therefore scores are
not fully objective

Judging divingt or marching
fors form with values assigned
to behavior ovrhasis of its
closeness to perfeCtion

Figure 6-6. Types of CRT Scoring

Establishing Cut-Off Scores
4

CRTs are designed to assess proficiency on a given task or objective.
Since it is often impractical to insist on complete gastery of the task
000 percent of Its performed correctly) it ray be necessary to decide
upon accut-off point (a score below %filch is consIdered.failing or 'no -go').
The sore complex the skillsatiessed by the CRT and'thi more varfEd the
type of performance or product, the greater is the danger ofmisclassi-
ficatton (designating a 'non- master" as a lizsteriir or vice versa).

6-11

128"



There are o fix. d rules or formulas for establishing =rt.-off pnlots,
hit a /Timber .of -factors can be arsidered:

*Traadiate lian,xxver m...npyger needs are very bigb _
it may be j--atifiable to lower cut-off levels esx:diallY
if emors are less critical ai no performance...at all.

41-

401;22W. feasible score for an. establish. 'taster --a target
cay be placed so that even the best marks= tay score Only
53 permit hits. if we set a cot -off at Papencent,,iste will
pass rro ca at all.

of t e objectivethe greater the -risk of sub-
stantial e.T.go to persons cr to property, the higho- the
cut-off score should be.

40. . -

I

-

If a test is reasuring ire Van one objective and cutoff'
scores are necessary, a cut-off level should be established
for each objective. .

.

For example, if one objective has four go - no-go items associated Iffiti) it,

the cut-off point for that objective night be passing any three Out of the
four /tens. ,'other objective in the same test ray have eight stets, with
a cut-off score of passing any 6 out of Ile B. Thus, a total of 12 points
are-possible on this two - objective test. If a person stores 9, he doesn't
necessarily pass the test. He ray have passed all fdur itera assbciated
with the first objective and failed 3 out of the 8 associated with the
second. -

Estagishing cut-off points is a complex ratter. You should Math a
decision on this matter, only after careful consideration of the accept-
able performance standards for the tast(s) and task criticality. in gen-
eral, cut-offs are useful ten:

Absolute-mstery.of the task is not expectea but a suitable
level of perforce is specified in the-objective.

is Absolute mastery is possible but factors other than cog-
petence affect the score {sue) as careless errors,. reasure-_,
gent errors, etc-4.

False Positives and rAlse Negat=ives

heart of CR testing is that 'rasters" wrist 'die corT`ecttY 41stin-
s4heri fry `rte -asters" i# terFs. of specified criteri*. Ttiis important

4-12-
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that cbmpetent people are not failed and that incompetent ones are !int
passed. Figure 66-7 outlines the concepts of "false positive' and "false
negative' and shows possible results of suchndsclassifications.

Terse

.

Definition Possible Pecans
for Error

-
Posse le
Comequmes

,

False .
Positive

A Versee is given t 'go' or
point =ore are the cvt -cff
'ha Is really not a 'tester* ..rda

.

114ay gliessina
9 CheattngSelective-

atiz-vtest just
'tie tte fish:.
/VMS

4 limscrenent error
es -

-

- age to ez.dp-
lent
Personal injury

s .Itsiiity to per-
font work pro-ply

False
Negative

.

A con;etent parson tel3 has in
fact mastered tee task Is given
a failing scare

.
.

Illness
Z.V2known be rural
flu:twit/ors
M e e s u r e n e a t e r r o r

Bias
Complexity of
itstr=tions -.

.

,

,

waste of training -.
money
Possible ona-yail- "':
ability of coo-
petent asa.n hose;
his skills are
unrecognized

. .

.

Figure 6-7. False Positives and False Negatives

Figure 6- show that the consequences of either type of error may be
extremely costly. Since CRTs may be employed to assess competence in
widely varied tasks, it is difficult to make a general rule about appro-
priate places to set cut-off levels. However, a good guideline is speci-
fied below.

, .

If the cost of a false positive (passingan incd-petent man)
is very high, the cut-off point shou-id be set very high.

Thts,will eliminate trainees who are fairly competent (but not "masters:).

One technique for reducing the numbers of false positive's and false
negatives, thereby reducing the likelihood of misclassification, is to
increase the number of test items in use. It ray be possible in sore

6-13
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situations to increase V...e rrumberof its Skply by repmting- the smre
item/lore -ean once its in reguiting student pilots to land a plane on

itnway iany times). ,

li_EPORTVIS ,.,gect-witis TEST RESULTS

gemrding and reporting CRT resufts.rusf'te done ig a precise, factual
rannv. After administering L...4 scoring the tes The tester my,- is
edition, wish to obtain adli-tional inforration. The following Steps
_should be taken after dismissing the trainees- frot the testing _situation.

...Retrieval and storage of relevant test mammals, if
any (pencils, answer sheets, rifles, dry mines, etc.).

Spot'recheck of trainee's records for

a Reconling of any additional process or -product infor-
mation which the tester observed and considers relevant
to:assessing the mastery of the task. -

Eehavioral observations altich ray shed light on the intenimetation,pf
test scores_should be included with results whenever possible.. for exaple,
if trainees consistently complete all tasks on a go - no-go Series in a

very short time, this may be relevant to future training. On de Other_
hand, a student may successfully get his radio in operatio41 shape, but
use an excessive amount of materials in doing so, or may damage the casing.
Strictly adhering to the standardized scoring of the test tight indicate
a 4.4i? score, but the tester may feel the task was carried improPerly..
The correct course of action in this case is to score the individual ac-
cording to standard procedures but to supplement the report with abp-fopriate
observatiens.

SiECIAL PROBLEMS-

Standardizing format,. adminittration- COnditiOnS, and scoring,pf a CRT
oil Minfinize unusual, problems. 'Nevertheless 4iffiOult cases '16ay. appear

w.
Foie e4:41ep1e-; =

-A Soldier halfwaY 11)0-1411 the obi available for* PMof a:
-- -develops an- illness (or is for -sofie ,-4thfar-fejltizip-te_rigon

-unable. to contlinie) Them it. no *mend fotek Of the'tftst
and the-SOIdier hat already seen thilirst form. Witatt=t4 4.01-

t. . -.
.-....r.
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*CRT res is for a v=p of man asst $e obtained immediately,
butt re is inadkpate staffews=e1 to observe all of
the information rec.:tired to assess ktether oblettivet

adequately zet.

The CD requests the of t&e5axmtsiiIled'soldiers,
The CRT.show5 I8 .m*) with perfect scores. How Are the hpor

-graduates chosen?

Such problems are not internal to the CRT, .but invnivelouttide constraints
or demnds uSich cannot beret withOut-weakeling the standardization of
the tester using it in a way fOr-mtich it was frAdeslgned.

Insituations such as these, you must decide, inionjunction with
other interested persons, what are likely to be the costs an3 results.
The xran in the first example who developed an, illness during the test
might be observed individually in a glands-on" sftuation to assess his.
competence. fir, when manpower needs are considered, this particular
person may not be needed for that particular task. Answers to stfth
questions can only be decided by personnel in a position ,to assess the.
needs of the prOgram, the ran, and the costs of various alternatives-

.

If special considerations seen to dicind that testing is needed immaA-
lately (even if the standardization of scoring is below par due to a short-
age of trained personnel, for example) the person requesting the incediate
information should be informed of the dangers involved. If it is still
necessary to administer the test under such circumstances; gall scores are .

called into question, and this should be noted on the report. Ideally,
a retest with an alternate fora of 6e sane CRT should be administered later.

Finally, as has been emphasized previously, it is not usually appro-
priate to use CRT results in a normative way (i.e., deciding who is best
among those passing or worst among those failing). A ERT is called for
in such cases. CRIs should be used in such a context only with the great-
est caution, and preferably not at all.*

I -

*Seethe section entitled 'CAT or we in Chapter 1..

432-
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Report
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I Chapter- 7
iheacarin

and MditY
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Administering and StoringARTs
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-CHAFER 7

ASSESSING RELIABILITY Ah9.11ALIDITY

Two very important activities Ervriain after you have developed your
CRTmeasuring the reliability of ypur test, and determining your tests
validity.

Reliability' refers to the extent to which a test yields consistent
scores: If a test has high reliability, the same people should fail each
time they take the test, while those who pass should do so consistently
(assuming that no learning has intervened between test administrations).
.O a test which his low reliability, on the other hand, people.of similar
ability on the task may vary widely in their test scores, with 'some passing
and some failing each time they take the test. If a test it highly Un-
reliable, the tam individual may pass it one day and fail it the next or
vice -versa) dit b chance fluctuationf. Ttras, it is essential that your
test be reliable: f it isn't, using it would .be like using an altimeter
which sometimes rea s "4200 ft" when you're at 200 feet above sea level_ and
sometimes gives the same reading when your are at 18 feet above sea level.
The results of using an unreliable CRT are likely to be nearly as unfortun-
ate as flying a plane with an unreliable altimeter and, conceivably,
equally disastrous.

Validity refers to the extent to which a test actually measures what
it is supposed to measure. or example, consider a multiple-choice paper-
and pencil test on first rocedures, developed as a low fidelity
measure of ability to, a n ster correct first aid treatment. This test
may be reliable--that is, the same people may score about the same on if
each time they take it (or take alternate forms of it)--but it is not nec-
essarily valid. To determine if it is valid, you woul&have to detemine
whether a high score on the test means that a person can actually adminis-
ter correct first aid treatment, while a low score means that he cannot.
In.other words, just because a test is reliable does not necessarily mean
Wt it is-va4-44.

On the other hand, a test which is not reliable cannot be valid. If
. a test does not give consistent results, it cannot be said to measure any-

thing accurately. Consider the altimeter whicksometimes registered "200
ft" at 200 ft,above sea level and sometimes 1200,ft" when actually at 18 ft
above sea level. Is it a valid measure of height above sea level? No! It
clearly is odt accurately measuring altitude.

fh
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Suppose this sane altimeter consistently registered *21:00 ft' when
plane was flying at 20D mph, 'OD ft* at 400 snpb, 1`5n ftv at 50 ripb, etc;
In a sense the .altimeter is. "reliable * --it give& the same results Undenthe
sere conditions. But a 'wire is crossed so here, the altimeter is rea.sur-
Jag ,aitspeed--not whg, it is supposed to be measuring--altitt.le.

,

CRTs/ of course, should be as reliable and as valid as possible. If
you have followed the steps for the construction and administration of CRTs
outlined in the preceding chapters, you hare already gone a long ways toward
Maximizing reliability and validity. The steps presented helped you 2build
in' reliability by standardizing test conditions and by increasing the n*
her of items in your test. The item-rool tryout and review pro ses
helped you increase reliability and v4lidity by selecting the d matt
consistent items. Matching the item to the objectives helped you ionize
validity by assuring that the test items measure what they are sup sed to
reasure..

Nevertheless, you cannot assume that your test is reliable and valid
enough to be useful simply on the basis of having carefully followed the

sCRT construction process. There are many potential sources of error that
can lower reliability and validity of the most carefully thought-put test.
Whab you must do, is to determine your test's reliability and validity in
actual use. This chapter presents techniques for doing that. Figure 7-1
(foldout at the end of this chapter) shows the sequence of Operations in-
volved in assessing reliability and validity.

ASSESSING RELIABILITY

The first thing to do in evaluating the usefulness of your test, is to
assess its reliability. If it is not reliable, there is` little sense in.
checKing, its validity.. When you assess the reliability of a test;, you are
essentiaity.askingfhow consistent a measure is this test?"

A' CRT, like .any measurement device, has possibility for error in its
-use. --Consider a ruler, probably the simplest type of.ffe,astii-ement device:
If you, measure a person's height over 10 days, you uquitt+-xpOOt to get t54
same, asTilts on each day th'ere will always be some measurement
error, even.under the best, standardized- Conditions: So, the fittt days
you-may find.the height to be 5t9-5/32', the, second day 5194/fr`, the third'

. day 5,3 ilfi*, etc. The extent to which your iai.soriatient is consistent
over repeated trials defines its reliability.

. IZ



03117Ai111 o as an Estinati of Reliability

One good way to estimate the overall reliability of your test is to
see the consistency with which people pass or fail it. The principle is:

"tribe test is reliable, people who pass the first tire should
Tess the second time, while people who fail thefiist timet-should,
fail the second time.

t .

0 Reliability estinates based on this principle are called estimates of test-
/ ' retest reliability.

In Chapter 5, you saw haw to cmpute 0 for item analysis purposces.
You can also use 0 simple stimate of test - retest reliability. To do
this, you should have (1-group of at least 30 people to whomyou_can .admip-
ister the test twice. These people should be sampled randcaly-from the
population of igoigiuto would ordinarily take this test. In order to
estimate test-retest reliability properly, you need to test the same group:
of people twice, close together in time.

You should let only about. one day elapse between the.firSt
time you test them and the second tide.

Another important point is:

Do not tell the trainees that they.will be tested again.
_

This is vary important since you don't want students to practice between
test administrations or try to recall the test in detail. Test-retest re-
liability assumes no practice between administrations and equivalent condi-
tions both times. So, it is helpful'if the trainees are kept octapied
between administrations and don't have-tire to practice.

%.

, .

"Equivalent conditions" applies not only to the test environment but . ,

also to-the trainees themselves--trainees should be. equally rested,,equally,
hungrY, etc. during each adminiStration.. Thus, it is a goad idet, to test ,

_them at the same time both days:

TO calculate 0 for test- retest reliability esttMates, set up yOur
results from the- two test administrations in a matrix such-AS thatshown
in Figure 7-2.

, _ 4 ,
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Pass

2nd Test
Adminritration

Fail

1st Test Administratich
Fail Pass

-,... :

.

ABC'

-

Figure 7-2. Matrix Used lor Computing in lest-Retest eiiability
Estirratm

.1/ 4

You fill out this matrix sizailarly to .the way you filled out the item
analysti tatrices described in Chapter 5: In cell A, you enter the number
Of _people who passed the test both times; in enter the ;umber of
people who failed the test the first time, but passed it thesec.onsi time.
In cell C, enter the n.ber of peeple wto passe4_the test the first time,'
but failg it the-second tire. And in cell' 0,.Apter thi number of people
who failed thd test both tires..The,marginal t4a1 A÷B.shous the number
of people wbo passed the second test administratron, While*C÷D shows the
number -iiho failed the second time. B+1) shows goy many failed the first
tite, chile A+C shows how many passed the fit adzinistratiog.

-

Figure 7=3 shows test- retest matrices filled out fin:Jr:different
tests.. Let's use these ratrices -to calculate an estirate-erf"tetrzietest
reliability far. each of the two tests.

s -
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A

(Adt4istere:14.0 33 pomple) (Administered to 43 pimple)

a+ 15 MC 15 33 3+3 23

Figure 7-3: tiztrices for Tt-Rettest Re liability-Est/rates Wit
Sample Data, for Two Efiffertntjests

der that the foraula for computing is:

. -..."-
.0 ; At

... 41-
VGA÷B)(C-10)01iC)0+D)

Thils, for Test A, (14){10)-(5)(1) ,. 135
4
- - -401}(39)(!5)(15) .-ilifi-25

.
135' = .62

216.85 -
`And, for Test 8, (16)(10)-(10)(4) $ 120

4,

V(.14)(26)(201(20) *- -\5745,600

1 120

381.58
.31.

So, Test A is tore reliebre than Text 8, in term of test-retE*1, relia-
bility. rut, what value of indicates that a test is.suftiaently
reliable? A useful railetof-thirab is: -

.1-A 4- lesS than+.50 indicates that the tilt is of question 61g:
reliability,. A 4, of +.50 or more _indicates that the, testhai-
,syfficient reliability._ (Rerember that.4.-caiane fi-Ole --4.00'-
thraugh -0 to *1.00).
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Thus, t.at A In ow- gnmple qualifies as' reliable. Tisk B does not.
gesesber tat *.53 is a rule-of-thy andshouTd not be followed rigidly.
'for example if you fond LT-atone test had a test-retest reliability of
.52, while loather bad a reliability of .48., you woidd not-be .j;:stified in
saYingetirfat the first was reliable and the second not.

ASSESSIES VALIDITY

ence you have determined that your test has acceptable
you can tern your attention to validity., A reliable test Aelich doesn't
measure the apprspriate thin§ is so better than an unreliable test. There
are three types of validity that are recommended for CRTs;

*Content Validity

Concurrent Validity

Predictive Vilidity

Each type of validity addresses the question 'Des this test rensure what
.it is supposed to measure?' in a different way. 'figure 7-4 compares the
three types of validit'. s

Type

.

- iirilf It Works ' . Ii To Determine .
.

.

Content

.

.

Comparee.liontents of test to objectives--
Do iters measure what the objectives say
they should measure? .

.

Systematically, but
nonstatistically

1

Concurrent .

-

-,
Compares

-

results on test to resultt on
Anotherreasure of the objectives--Is
success (failure, on test associated.
with success (failure) on another
measure of the specified perforra&e '
taken at the same tine (concurrently)?

.

.

Statistically

.' .

Predictive
. -

"-

Cares results onrtest to results
measured later on the job -Is success
(failure) on test associated with -

success (failure) on another measure.
of the specified-performance takeh

.

later when the trainee is actually
on th; job?

,

...

Statistically

.
.

.

figure 7-4. Three Types of Validity
,

liow let's diicuss each of these types of validity -separately.
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Determining Content Validity

a
Content validity is probably the single best way

t
of assessing, wher

or not your CRT measures what it is supposed to measure. In assessing the
content validity of a CRT, ypo systematically check to see if each test
item is measuring exactly whlt the associated cbjective says it should.
If all item measure what the objective calls for, the test is content
valid; if they don't, it isn't.* A simile exanple should help rske this
clear: Suppose yon have a one-item CRT. The item and its.ajective are
shown in"Figure 7-5.

Objective "'CRT (One-Item,

Given the appropriate tools, per- In front °typo is a 45 KW genera-
fella routine preventive mainte- for and the appropriate tools.
nance,on the 45 KW generator as Perform routine preventive rainte-
specifie in the operating and nance on the generators specified
maintenance ranual for same,
within 30 ninutes.

in the operating and reintenance
manual. You have 3D.rinuto to

.
complete this-task.

.

Figure 7-5. A One -Item CRT and Its Objective :-

..

Does this test have content vaHdity? Well, performing routine pre-
vehtive raintenance on a 45 KW generator (the test) is obviously the best

me1sure'ef the objective (performing routine preventive maintenance on a
45 KW generator). So the test is content valid. That is, there is no
better way to measure the objective than the test. Of course, if the .

objective itself was not properly developed, then the test is useless.
That is, if the people you are testing are being trained to troubleshoot
the generator, rather than to maintain it, the objective--and any test
based on inappropriate.

Content validity, then, is a matter of the extent to which a test
..

corresponds with its objectives. Content validity is best viewed as absq-
lute measurement. From an absolute point of view, the results of a CRT
suggest that either an individual does possess the Ability-to adequately
perform the task which the objective defines, or.he doesn't. If the test
items and objective(s) are precisely matched, the test is content valtd.
If All items are not precisely matched with their associated objectives,
the test is not content valid.. The items rust be representatiye of all
aspects of their associated objective. :Thus, if the objective involves
applying a concept which has three characteristics, the items rust include
all three characteristics.

------------
This assumes that the objectives themselves have been derived from an
appropriate analysis of what the trainee mutt be able to do.'
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So, establishing contert validity is.simply4a matter of systematically

theOking ciblectives and itans. Basically, thare are two steps involved:

'First, check to be s;.Te the objectives have bit properly derived
fnam an aralysis of what the trait *ems must know andfor 63 fn order

perform the tasks for ithich they are tering trained.

do_in

chect each test item against its associated objective to
see if the It reasures exactly what the objective says stpold

be measured. Stature that to item covers all aspects of the
objective.

If both checks are affirnettive, your testis conleni valid,'

If you have many item on your test associated with one objective, be
sure that each item raasures exactly ghat the objective indicates, If your
test includes wary objectives, each with mare thait one item, check each item
against its associated objective. Do this systenatically for each item,
and you've assessed the content validity of your test.

.

You should be aware of following principle:

If objectives have been properly developed and the test

consists of high fidelity items based on these objectives,
yolir test will probably be content valid. If, hgwever,
the test consists of medium or low4fiaelity items, it
probably will not be content anal id.

So, if you have a high fidelity test, and a systejatic check reveals

that it does not have content validity, you are in troublesomething is
.wrZing with the test. Either its objectives are not properly derived from

. a task analysis, or its items are not retched to the objectives, or both--
-back to the drawing board.

libsther or not your test has content validity, you should also compute
statistical estimates ofZoncurrent validity, predictive validity, or both.
If your test is content valid, this further assessment will answer impor-
tant;additional questions,,such'as:' 'flow does performance on the CR7
compare to performance on another measure?'

Ifyourtest is composed of low or nedium fide items and, conSe=
quently, has lower content validity, statistical estimates of validity are
of primary importance. For example, suppose an objective states&

.aBe-ible to execute proper walking7Mottons in a' lox gravityinvii
onment-such as the coon."--

10:
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and a one:ite" tR7teveloped for this objeaive-states:

I'Yake three steps in a gynnasium using the proper technique for

.d a loft gravity enviromnest.1

The item does not reasure exactly what the objective calls for, so the test

is not content valid. However, it ray be valid in another sere; but to

determine this, you will have to use either a conthrrent or a predictive
measure of validity.

Determining Concurrent Validity

Concurrent validity compares individuals' results on your CRT with

their results on some other measure of tie performance being tested by

your.CRT. Individuals take the CRT and the other reasure close together

in tine (concurrently). The other treasure rust be the best available
assessment of verforrance on the objective(s) in question. A.statistical

Oetermination of the degree of association between results on the CRT and
results on the other measure will provide an estimate of the cam - Trent

validity possessed by the CRT.

Other measures commonly used to establish concurrent validity with a

CRT include:
'

1EXiSting tests already in use

*Instructor ratings of students' performance

Ver fidelity versions of the CRT being validated,
otters

For example, a CRT an first aid techniques may be validated against
instructor ratings of first aid achievements or, it may be validated against

an existing first aid test which has worked well. A multiple-choice CRT

on vocabulary (such as: given a word to be defined, choose the best defi-

nition--A, B, C, or D) may be validated against a fill -in- the - blanks ver-

sion of a vocabulary test (such as: here is the word to be defined, write

a simple definition in the blanks below). The fill-in-the-blanks test is

a higher fidelity measure than the nultiple-choice test. Remember, though:

''The other measure rust be a suitable one. If you don't have

another measure which you consider suitable, you cannot establish
the concurrent validity of your CRT.

Once you have chosen the other measure to .use idettablishing the
concurrent validity of your CRT, the statistical de*Ig+pittoli its "easy; .

4 is again appropriate. .

-142
1..-9 -"



ff.

Let's look at an example: Suppose yno want to deteriaine the concur-
Iva validity of a mei CRT on le skills._ In the' past, instrocixr's
estimates of st4detts* leadership It have bees csi--reportedly with-

.resultt. *To establish the. zrret M the CRT, have saw) e
eValu4ed for 1-...dttship skills ty the irstrattcr, then t-t then:Asir* the

Itectird,- the retults in a matrix showing the /timbers of peOple pasting
and failing the on and the fr.mbe- of people rated -acitable fpassing) and
unacceptable Veiling) by the instruaor. Fig-ze 7-6 stoics siich a matrix

#411e,adata far this --Example.

Acceptable

Results. of ,

Irstructor's
Ratings

Results of CU

Unacceptable

Then the # for concuerent validity of your leadership skills CRT is:

AB-SC

-4Aff3)(Ci0)(A+C).(8i0)

576-12 ,

632,016

(36) 16 6 2
(140-2)(35)(22)

564

495.

You tan use the same rule-of =thuak suggested- for re:lability
bY-:+1

f t4e # estimate- of cOncUrrint valjdityrii4.56 or higher,.
'VA& tgr is prOtialgy of st_iitahle. validity. If + it a Va. Tut'
httlitien +AO, and 4.0% yourCRT _is of questitmatli.

14:8
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It is iinpartant to make sure that the followirr3 conditions hold when YOLI
establish the concurrent validity of your CRT:

*Your s..z.mple =lit be epresentative of the population for which
the MT is interred. (Again, random sampling from the population
will acccoplish this.)

*Your sample must be relatively large. A _random-sample of 50 to
10/ people ray be used, but you'll be better off using more than
100 people.

Dets: zrzrinino Predictive Validity

Predictive validity is based on the save concept as concurrent valid-
ity, and can be estirated by s in the same y_ Unlike concurrent validity,
though, predictive validity compares students' results on y;=r CRT _with

. their results on sore other amsure taken at a later timxten tNty are
actually on the job for Which _they've been trained., "lint-Teat the-Go and__ __

the other measure are taken close together in tine for_concurreht
they may be_sepa.rated by six months or more for predictive validity-

So, predictive validity tells you the eucteat to which_results an the
CRT predict results on the job. Typical types.'sf ciin:suRes used .in predic-
tive validity (Predicted by the CP.T) include:

Supervisor's ratings of on-theob perforrApce

Other existing tests (such as MOS tests).

Peer ratings of on-the-job Perforrance

Objective indices of on-the-job performance? such as amount of
products turned out ,per day (acceptable or unacceptable), number
of mistakes comiitted .(acceptably few or unaczeptably many),
and others

You determine predicthe validity using the teme# procedures as for
concurrent validity. For example, you might validate students' performance
on a CRT of leadership skills against supervisore'tatings of their leader-
ship skills in their units six nonths later. Use the sane rule-of-tfumb as
for reliability and concurrent validity:

Acceptable prediitive valiciity is defined-by a 4 greater
than +.50.

4 1
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7)Je-saire r.autions that apply to concurrent _validity true for
predictiVe validity:- . .-- .

Jo_
.*--the treasures ay1:1st 'which you validate the ar rust be suitable--

not just_ the onl3=-Awa.-aues available. (!f you ecalt have_another
.e! measure! iii provides4.n acceptable assnsmezt of .antic -rob
' erforizancer.on the tast tested by the CU, 5ou can't establish
I the predictive-validity of the-CRT.)

- -

Tr validation sample witst 1;og .e representative of the population
'for linich the test is intended.

--*Ycrrr validation sauple TiLSt be-iektively largi.

70 09 IF YOUR- t tst RELIABIL ITY CR
VALIDITY IS TOD 1.011

3t0

As stated at the beginning of this chapter, yofir CRT must hai'i both
acceptable reliability and acceptable validity to be useful. In summary,
here are the standards for fudging the ac,aptability of your CRT's re-
liability and validity:

*Your CRT has acceptable reliagility if the 4, estimate of test
retest reliability is greater than +.5O.

-

*Your CRT should be content valid, unless practical cont,raints
have caused-you to create a 1pw fidelity test.

Your CRT should have concurrent or predictive validity greater-
.* than +.50, as estimted by 4.

If your test does not meet these standards, it is probably not suit-
able for use as an Amy CRT., Thus, you should -either mbdify it or-*.create.. --a new test, and then assess reliabilitY and validity again.-

a - t
.

Following are some suggestions for modifying your CRT to _irr.reaVe
reliability and validity:- ,

*Yoi can-_offert increase the tellebility of a test by,adding
Of course, the items must izatth thg ,Ojecti "Irthelest is
measuring several -objectives, you-MuSt be sure to traintai0 the
appropriate prOportionS of its tg objectives, you
developed and-added reassess, the test4retett reliability.

_,

..A. teSt. that'is not content valid 44 to lank-Of high fiderity_items
can b-e-iiade -content valid by- 1...te.ointnic.tiilf the itemt in a high
fidelitar forma".t. You_ *ay have. toi.itiOclify practical, constraints- t
do this,. Or snake. -the test less feasible to, achrinitter conveniently..



Tat a difficult-to-administer, valietest is at least suitable
for use, rtile an easy-to-administer test glith lacks validity
is unsuitable.

.0
if you have reason to believe that ytiii test reliability or

..04,:..-wiL

.e
validity is too los becauso of improper sampling techniques, it
may be appropriate to reassess the test using a new, more care-
fully selected sample. Be sure that the sample is propeflyAarge
and representative of the.population for dish the test is in;.
tended. Also take care that the CRTs (and other rasureS) are
ministered in a proper, standardized fashion.'

Do nat risuse this last suggestion: Don't keep reassessingyw,
,

test until you happen upon a time men reliability and-valUPqrAbick out
as acceptable. 1(01) should only reassess 4f you thick somethibg-mas mis-
handled in the first assessment of reliability and
rcdify the test. The test rust be reassessed for reliability aKai
after any and all modifications.

If you modify jour test and it still doesn't have acceptable relia-
bility and validity, it ray be a good tdea.ta seek help fnamyour,test
ovaluatien unit: They ray be able to see a,difficulty that is not appar-
ent t2,..,you--thy nay see the forest, shen you've focused on the trees.

0.0

7-13 -
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APPEUDIX -A

CHECKLIST FOR CONSTRUCTpiet CRTs

You can use this checklist- to guide you through
activities required to develop a CRT.-, once you are
familiar-with this manual'. By using this checklist,

,you will beAyte to perform all activities-necessary
for the development .of an tdecivate CRT in the proper
sequence: Consult the text if you require brushup
information,on activities. Remmber, you should
not use this -checklist until-you have gained

the CRT constructton process by, using -

the vanual several tires.

L-



CH ECKLIST FOR CONSTRUCTING CRTs

-

O I. Dmerrni-e 'littler a CRT is ex:copra-2 for
recpired uses.

O 2. Determine vvtier i.CRT can be &At
Performance objectios eczema; to traesing
Win kervickials should be able to do co
*job gist or arrbe soma-fie:1.

ID a

El
El

Determine whether a CRT can be hat
Test can be scored on an absolute basis-
cinimai sunda-ds for acceptable perform-
awe can be sp.xified.

4. Obtain a list of objectives to betested.

5. Check that objectives call for pvfoirnance
on k.ist one task.

O 6. Check that all tasks are indepcsiderit.

O 7. List the three.triain parts of each objective
to be tested-performances, conditions,
and standards.

O 8. Oieck that main intents at Objectives are
dear.

0 9. Check that perform indicators are
simple, direct, and of the trainees'
repertoire of bthavi

0 10. Check that
standards are
terms.

O 11. Send inadequate objectives back through.
channels to-their originatoris) for revision.

O 12. List pr=ticalconstraints.

O 13. Assess practical constraints in terms of
their impact on objectives.

conditions., and
fled in precise, operational

0 14. Develop plan for selecting objectives, if
appropriate.

O 15. Modify objectives, as necessary.

O 16. &ond modified objectives thiCiug-i channels
- for approval.

O 17. Determine item format and level of
fidelity.

D18. Specify whether items will require product
measures, process measures, or both.

t4

'A-2

19. Develop plan for item sacripleig, if
aXecrxir2-

20. Specify rroleple conSitions for testiog.

21_ Determine regriber of items to include

El

t!SI.

22. Ccmplete test pUn sorWieet.doo.unantirra
litt' plan.

23. Write test items based on test plan
cations.

24. Develop and clocUrnent instructions for
item presentation and use.

25. Check to be -sure that item pool includes
about twice as many dams as test plan

. specifies.

0 26. Check that items match Objectives.

0 27. Check that items are dear, unambig..tous,
easy to administer, and at the proper level
of fidelity.

O 28. Develop weral test instructions.

O 23. Check that general ins-truaions are
dear, unambiguous and as brief as
possible.

El

El

30. Select an appropriate sample for item pool
tryout

31. Check that item pool tryout sample is
composed of "masters" and "non-masters."

32: Check that tryout sample size is at least
50%1 , . at the number of items.

d3. Check at tryout sample is random.

34. Conduct item pool tsiout.

35. Conduct an item analysis on tryout re-
sults.

36. Obtain feedbac:k from individuals in the
tryout sample.

37.. Record comments from peer review of
item pool

)v,

-ID



1-21 43. Record comments from test evaluicrxiS
unit's review of stern pool.

33. Record conclerns fro% review of stria
oxitby subject rnarterecpwts..

Sturernetz' e results froni it analysis,
tryout fee Cie. and various:emirs
of km, pool 12:i Iter2717tD31 ReektV S1.117,-

:nary Stibit

O 41. Reshice item pool, ur:n2IterZ7 Pool Review
,Summary Sheet as an

173 42. Create and review new items ifnecessary_

El43. Cre.a;.e alternate forms of test rrf a;rxo-
cinem.

0 44. Check that environmental, WT:lx-wal and
tester variables are standard.

O 45. Administer 'di! CRT.

45. Score the CRT.

47. Esulaish cut-off scores.

Li48. -Report test resulti.

150
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O 43. Can= test-retest re19ibiltry dra oa
appropriate simple.

ci53. Calc.late Ors aTemnate cif tst-retest

U

El

LI

51. Onecktust $ is Teener than +.92,

52. Ass= cart validity of CRT.

53. Select= approbnete mere" for
=currant Wedi-`...,e' wade= of it:RT.

54. Obtain a restively large, rexemnative -
able far use in evaluating cte=nrent

and/or Predictive vgictity.

O 55. Atirninisxr CRT aced other rnearare to
sample preectivelyrrendY .0r. after aPProPrir2

55. Calculate Oes an estimate of'cocrarrent
arrifor predictive vaticraty.

.

O 57. Modify test to increase =dim
viticray, if necessary. Fojowing such

reaisiss seliiinVity and
validity of test.

f--
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Mt -cioulti use this chealist to ll; you aqa4a,..;te CRTs r
2-

utich have a3ready bw ovis-actid." ThIs e:ecklist will telp-%
Bete ice the suitability of CRTs which already exist, and

j-ym- My igsh to adopt f o r smir own _testing.ne.4.4s. ----;:"

AR-,Et.C.)11,

--MST FOR_ Vat:ATM CRTs

ow'

...--,.' This checklist consists of an or,der..soies of questions

task
16en evaltatirig a CR1. Sore of theSe cuestions r.ertwin a

CRTOysical aspects of s and Can be answered just by look---7--
at the test, withrfut knov.ing any additional ih'fortation.

Other questions concern-CRT iase: .To answer ese, yr.' ;Bust' know the objectives, intended test population, practical con-
straint data, .re-li-ability and validity_estimat, etc. SSii
before using this checklist tt) evaluate.a ar, collect the
doctr'4ntaticn-that was (AO to developit.. c
. ,

feircl "Yn teside a question if the antwer-is-ay."
Also arc] 'Y" if/the qu.e.stion is not applicable to- the test.
If the answer is ""no," 'can% tell," or "partly yes, Partly

"Ti3,41 circle: th "U" next to the cluestion7, When you have c4;riq-,
pleted the-checklist, the circled "."-Zs" will resent rectrAl
45f-the particular aspects of the CRT that nay teqvire 'upgrading
or that require further information-before being evaluated.r

7
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CHECKLIST FOR EVALUATING CRTs

1. Are sit teen:sema theobje=ve

2 Does eacb obje=ive cal for perionnance as
Y.rst one tick?

-

3. Areatf =In indeparderrt?

Are enakal-tv.i.s. of objectives dead
14

5. if =dm inusntslre =ter:, do ishjectites
incluee pericatharce rsrcatscs?

S. Are pelf:4=m ircricatrasi-arolrect.
and part cf the traneei repo tone of be.
laivior?

7. Are perfo=k-ces sperfied prenne,
dierritxud terms?

a Do cihjelves statmarr. A of .
cscations and standards gnecrrned
precise, operafionatnerms?

40)

S. Are °him-ayes fret bral )pact arsenous
puctical court's s? That is. do objer*...ives
not segritre. 'excessive tun; e, =Imposer and
costs, elaborate faciltesiecpipment. ex?

10. If selection anatng objectives bra taken
place. were the objectives thesen at mid=
fana the entirescrAdamon of objectives
available for testin?

-

11. Are the raclms rho were tested sziaViler
of the sample of to= selected for testing?

12. Does the item format selected best approxi
mite the behavior steed by pre objective?

13. is the rmasurernen used the same as that
wiaisla is respired by tae objecuve (product
Gicassre=mrt.pmcess sneasurmmt or both)?

N 14 Has the posbilrty of rating errors been he.ld
ns minimum?

H Y 15 Is the item forrnart at the highest level of
fidelity orbit-cable?

4

Y 16. flit= semi:lir* within objectives has taken
place,bas the appropriate number of items
been include&

Y 17. Is tbe performance bekr2 trued under el
corvrrtions or, if it is notposaleto test
trrdetatl Concrirnons, under air adequate .

nesnibesniconcritiaasfand the appropriate r"
ones)?

N Y IS. Wei emelt:, adenoids number of
ended in the tom Pta tout*, _.ibritnage

perf:esracces and ixrsttitels?

N tY 13 Ares:m-4f= andsriciaasstided inure
objective:1.58=f in the teStaiinsni?

tit Y 21 Does the pee-owl:gm lo he snot* that
in the tobjelve?

-

N Y 21. Are al morns damn and axiarn3izxvos 7 -

N Y 22. P,-e, itemitireastrably easy to adrninrsteb

N Y 23. Are items at the ap-oprat' e level cffideree

14 'a' 24. Hes the lirri.nr, of the CRT ilea= been kept
simple?

N Y 25. Is the adm;t kaSortned as tp *brew speed
or a=aracia ancre itpOrtact.?

.
ft Y 2S. Areors, dritaiipi and phbthgaolis used

*I= necerary far dew comcethication? .

N Y 27. Is the zest pneenutl in 'a way amend neitiner
gives the s.ucientbkts, nor makes it extr ema*
effsnAtZ

23. Are moons cogrnce to 43 hems ;meld
ed is the gmerai overaJ test kiscractions?

N Y 23. Do getieral ihrirmtiais for the test .ciclude
the itriowlniiregorrnatiors, p.upose of the
test, time fcnits for the tea. decrip' fagn ssf
test standanills, deroription of test items, and
crical test rrghations?

t Y 3a Do specific '-zs:tructirras ¢al the.zrainee CUM
fy viasi the performance, conditions and
sta-idirds are for the item?

31. Aniaeas antructions provided to the exten
-*es?

32. Hake to i_tmns. been "tried oar?

N Y

YN

N Y 33. Was et apenoptirx sari cile used in the try-
cdt?

N if 34. Was-deli/skit cropie dammed of
"mere arid tnCekaarnm"?

N Y 35. Was the sample size-stOpist 501$_legjes
- than the numbeirofitinti?

Y 36. Was the tryput Sample randothi.
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APPOGIX C

GLOSSARY

.

Athieverent Test - A test for mascring indirldrual's level of rasry
of a subject. For ample. an iaellevment test irmY be given on
4th grade ratheratics to see if a studtas mathematical ability
has -reached the 4th grade level. 'Fourth grade lever ray be de-
fined in terns of the triune 4th grader's =ores, In
case the test would be norm-referenced, or in terrsof rath
sta&-ards for 4th graders, in which case the aohievenelt test
weld- be criterion-referenc0.

Aptitude Test - A test to determine an individ=al's learning capability
in an area of instruction. For example, a test of necharrical
aptitude would reasure people's ability to learn to perform
tasks Involving mechanical skills and ,kriowled, not their
present ability .to perform mechanical tasks.

Conditions --One of the min parts of an objective that tells: g what
the student has to work with, 2) the envirterrental droop-
stances. Linder which the performance rust be demonstrated,
3) what the student =St work on, 4) his startitg points,
and 5) ar& linrit.ations, special instruction, etc.

Course Criterion Test - A test given at the end of a arursg to.deteniline
if the student has reached the necessary criterion revels for
the subject being ta4glit. Course criterion tests are keyed -

to the course objectives and represent a 'final eve' on meeting
the standards specified in the objectives.

Criterion - Synonyrous with standard (the part of the objective by which
the perforrance is evaluated). For exartple, part of the cri-
terion by Which udorming a gas mask" is evaluated, is that the
performance ,be couple* in nine seconds or less.. If it kits a
trainee ten seconds to don the rask, he has not achieved
criterion level of performance.

Criterion-Referenced Test win - A CRT measures what an individual can
do or knows, compared to what-he must be able to do or rust
know in order to successfully perform a task. Here an indi-
vidual rs performance is compared to external criteria. or per-

t:Irv-Lance standards which at.* derived from an analysis-of what
is .required to do a particular task.

4
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Critiog Tasks - A task that if risperforred could leed to loss tf-lifp
or property, or to mission falv-re. For eyample, in many first

aid crocedures, treating ft.,- Vris.ck Is a critical task: Even 7f.
the other parts of the procedure are terrectly performed, the
individual ray..die of shook. Zzotaging as loc:;nJ, wtfle '!'nrArtert,

moJid nrA be ::/75,i,-leree1 a critlfral task.

biagnsstic Test - A test used to infsra a student of tis progress, to
detervina if his behavior qualifies him for course entry, or to
establish that objectives or steps he is weak, cn. exeSPle,
in KT a diagnostic test is usually given before the comor&ien
sive oPrformanoe test-'CP7)--tnus, the student Set.: 7:11fCrraticr
cn wrat to reeds ircro.a befog-0 taking tt= C=1.

Entry Ee.hav*;dr - 7ne performance cf wr,,or a stude nt 's capasle'on a car-
tain suo;eot matter Jo on enter'n; a co'urs of Instr-,,:t1Cr in

that s.it:ect. Entry betaticr rey refer to skills, knowledges,

and attitudes.

Error of Central Tenden:y - A rating error in which different raters tend
to rate mast stt.dents toward tne middle of the scale. Thus,,if
there is a 'neutral' psirt on a rating scale, raters may tend
to rate rest stucerts close to it.

Error of Halo - A rating error made cL,e to an observer beinj biased about

an individual. This may be caused by an observer allowing his
general impression of an individual to influence his judgment.
The resulting shift of the rating can be toward the high end of
the scale (positive halo) or the low end of the scale (negatie
halo).

Error of Standards - An error committed in rating due to differences in

the observers' standards. One rater's standards sight b?higher
than another rater's. Thus, while one rater might rate 4 person's
performance as "unsatisfactory,* another rater might rate that
sare person's performance as ns,atisfactorY.s.

155
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Fidelity - The extent to which a CRT resembles the actual objective (or
performance) being tested. The more the CRT resembles the per-
formanse in question, the higher the fidelity of the CET. For

excel e, if you tested a person to see how well he could bandage
a wound by observing him bandaging a wolad, the test would have
high fidelity. If you tested btu by asking bin to answer
multiple-choice quetions on how to bandage a wound, the test
would have low fidelity.

Format - The type of test or item organization. Examples cf item format
'incldde paper and pencil tests, bands-on performance tests,
multiple choice tests, resell measures, job simulatichs, etc.

mands:-On Performance Measure - A type of performance mEasure where the
individual is tested on the apparilitus for which he was trained

(no paper-and-pencil tests). A fieods-on performance geesure

of generator repair would reotsire the trainee to actually repair

a generator.

Indicator - The action verb of the objective's task statement throu
w which the ability to do the performance specified by the ma `In
intent is inferred, when the train intent itself is not directly

observable. For example, if the gain intent is "Discrimipate

between shears use for cutting a straight line in tin aed those
useg for cutting a curved line,' the indicator might be "by
circling the picture of shears used for cutting a curved line.'
Note that in this case the rain intentv.-discriminateis
covert; that is, it is not directly observable. Thus, an indi-

cator had to be added.

Item Analysis - A technique used to help spot bad items. A number of
techniques can be used to do this, all of which use the follow-
ing principle: Acceptable items discriminate between 'masters"

and "non-masters.' Unacceptable items are incapable of raking

such a discrimination. So, in item analysis, you look for items
which are missed by "non-rasters" and passed by 'casters."

Item Pool - The total set of items constructed for a specified test, be
it a single or multiple objective test. The its pool is reduced

- by item analysis and review techniques to a final version
of the test consisting of the best Items from the pool.

156
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teaming Analysis - An analysis of the steps necessary to obtain the
objective, the skills noded to learn the matwial presented,

etc. In a learning analysis, you determine what skills, knowl-
edge, and attitudes individuals must be taught to get them from
their entry behaviors to the behaviors specified by the learning
objectives.

Learning Objective - A learning objective describes what the irdividual
si:zst know and be able to do at the completion of training. It

may be the s -me as a performance objective or may be less rigor-
ous with respect to conditions and/or standards. Thus, a

learning objective tells you what the individual should get out
of jrainiog, not necessarily what he rust be able to do on the

job. An individual may re4uire further training cn the job
after he has achieved a learning objective, before he is able to
meet a perforwice objective. Learning objectives, like all

objectives, hale three main parts: performances (taskS), con-

ditions, and standards.

Logical Error - An error in rating which may be due to an observer giving
similar ratings to traits which aren't necessarily related. .

Two or more traits being rated at the same time ray logically
seem related to an observer when they really are not. For exam-

ple, a rater might score a person similarly on 'follows orders'
and 'completes work on time" because the two traits seem logi-
cally related, even though they are not necessarily related.

Main Intent - The statement of the task that tells you what obiective

is mainly about: The skill or knowledge the learner, is to de-
velop, or the performance which is the purpose of the objective.
A main intent may be overt (observable) - -far example, *disassem-
ble a M-16"; or covert (unobservable) - -for example, 'know the
differences in appearance between poisonous and nonpoisonous
snakes.' If covert, an indicator mus be added to the objective

to tell you how to evaluate the ma intent.

Mastery - An individual has at ned mastery when he has completed

training segment t your CRT was developed to test has

passed the test showing that he can perform at th nimal

level necessa ,N!br successful -task completion, .r better.



Fasters - People who are competent at performing a Given task or who have
already completed the training segment that a CRT is being
developed to test. A raster can perform the task(s) for which
be has been trained.

Non-Yasters - People who are not competent performers, or who are not
knowledgeable in the subject ratter being tested, or who have

not had appropriate training.

Norm-Referenced Test (12T) - An approach to testing in which an iridivid-
ualss test score is compared to the scores of other individuals
regardless of standards specified. by an objective.

Objective - A statement specifying skills and knowledge to be tested. it

consists of three parts: 1) performance (task), 2) conditions,

and 3) standards. Thus, an objective states what must be done
(task), the conditions under which it rust be done, and how
well and/or how quickly it must be done (standards).

Percentile - A value on 1 scale of one hundred that indicates the percent
of a distribution that is equal to or below it. For example, if

a person scores at the 95th percentile, this means he has done

better than-95 out of 100 people who have taken the test.

Performance - One of three rain parts of an objective which states pre-
cisely what must be done. Every statement of performance in-

cludes an action verb. Sometimes this Verb is the perfomance
itself and sometimes it is an indicator of the performance.

Performance Measurement - The method used to ascertain whether or not an
individual-has achieved the specified criterion level on the

performance of a particular task or tasks.

Performance Objective - A performance objective is derived from an analysis

of what must be done in order to perform a task adequately. Like

any objective, a performance objective has'three main parts:

performance (task), conditions, and standards. A performance
objective is the highest level of objective--it tells what must

be done in order to perform a task successfully.

1558
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iPerforranle Tests - A performance test measures the individual's ability
to perform a particular task or group of tasks. ItIn Ix do the

task properly or riotP is the question that a criterion -
referenced perforrance test seeks to answer. A norm-referenced
performance test investigates bow well ab individual' can.per--

form a task-co:pared to other peoplg.. perforrametfst can
be adoinistere using actual hands-on performance, simulated
performance, or in a paper-and-pencil Ibtrzt (if the perforrence
in question requires use of paper -and-pencil --calculating azi-

muths, for example).

Phi Coefficient 6) - A simple statistical technique which may be used for

CRT item analysis if the following data are available: 1) tibia

people pass whtch items, and ps,utich people are "rasters" and

chic h are *non-rasters.4
--/

ABEC
V(A+B)(C+D)04-00+0)

A = number of 'mastOrse who passed the item
B = !lumber of ''inaniere who failed the item
C = number of limn-masters' who passed the item'
D = number cif "non- asters" who failed the item

-

0 may also be used as a measure of test-retest reliability and

of concurrent or predictive validity. For such uses the forrola

re113-iftSthe sane, but the letters refer to different measures:'

Test-Retest ReliabiTity

1st administration of test

Fail Pass

"Pas-sc...

2nd admin-
istration
of test

rail

B A

Concurrent or Predictive Validity

CRT Results

Fail Pass

Acceptable

Concurrent
or predic-
tive
measure

Unaccept-
able
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Pcpula ion - The cniversal set of individuals tt:o possess the character-
istic(s) in quostIon. For example, the population possessing
the characteristic 'lives in the M.A." is the population of
the 134.A. The population,of living U.S. citisens includes all %.
people possessing U.S. citizenship whether or wit they live iv.
the U.S.A. The population possessing the characteristic "passed
Airy ECT during the last year* includes all Army personnel -who
have ,passed ET in the last year.

Practical Constraints - FactorS such as time availability, manpower avail-. /
ability, ssEts-r-c-1-7-which may impair administration of test

4f:conditions and standards rain as presently specified ,

e in Ln objective. For example, an objective requiring the firing
ofnuclear projectiles may_ well have practical constraints--tha
'Objective would have to be rodified so that the test item could
substitute firing "Ommmy" nuclear projectiles.

Process Measurement - Measurement of a process rather than a product.
Process measurement is indicated hen an objective specifies a
sequence of performances which can be observed and when the
performances are as important as the final product of the per-
formances. It is also appropriate when product cannot be distin-
guished from process or when the product cannot be measured for
safety or other constraining reasons. Process measurement
usually requires observing whether or not a performance is done
properly and/or quickly enough, and in the right sequence. An
example of process measurement is scoring a person 'go' or 'no-
go' on his ability to properly execute an-nabout face' in drill
and ceremonies.

Product Measuremeint - Measurement of a product rather than a process.
Product measurement is appropriate if: 1) the objective speci-
fies a product, 2) the product can be measured as to either
presence or characteristics, and 3) the procedure leading to
product can vary without affecting the product. An example of
product measurement is observing a weapon to see if it has been
reassembled correctly--here, you don't need to watch the weapon
being reassembled (the process) because you can observe the
product to see if it has been reassembled correctly.

Random Sample - A sample in which the individuals chosen from among all .

.available people of the appropriate type are selected by-chance.
A random sample of a population would be composed of people

. possessing the characteristic of the population,. each of whoa
is equally likely to be chosen from theiopulation.

C-7
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rating Scale - A device used to evaluate achievement. Uhen using a rating

scale for scoring, you should specify the rating a student needs

to achieVe criterion level for the performance specified by the

objective. A rating scale might also be used to assess entering

behavior at the start of instruction. Rating scales usually

have three to nine points on them representing levels ref perfor-

canoe fro .irlow to high. --""'

Reliability - Reliability is a synonym for 4consistencr.or "repeatabil-

ity.' A test is considered to be reliable if it rakes the sere:

discriminations among individuals on ryltiple occasions. People

should score about the same each time they take the test, if it

is reliable (assuming that they don't learn or forget between

tests). Thus, a person's scores on reliable tests are CC4Sis-

tent and repeatable.

Repertoire of Behavior - The group of behaviors which the student is cap-

able of performing. Different groups have different repertoires

of behaviors. For example, soldering connections is a part of

the repertoire of behavior of electronic technicians, but proba-

bly not of food service specialists. *ultiplying two single-

digit numbers is part of the repertoire of behavior of many 10

year olds, but not of too many 7 year olds.

Representative Sample - A representative sample is one which reflects
(represents) the population for which a test is intended. In

order to try out test items on a representative sample, the per-

sons in the sample should be similar to those for whom_the test

is intended. Thus, if a test is intended for,peoole who have
completed BCT, a representative sample would lie composed of

people who have completed BCT. If a test is intended for people

who have completed a field wire:ran course, a representative

sample whould be composed of people who have coopleted that

course. If a population is sampled randomly, the resulting

group will be a representative sample of that population--and

not of any other population.

Screening Device - A device used to screen out trainees who do not'qualify

for the training course being considered, either beCause they

are already masters of the subject matter or because they do not

have the entry behavior required for the course.. (A CRT can be

used as a screening device.)

161
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Simulation - A situation where phenomena likely to occur in actual perfor-

nance can be reproduced under test conditions without using the

real-life equipment. Sim=ulation can use complex simulators--a

siuulated helicopter is an example --or simple simulators - -a

rubber bayonet is an exam le.

Skills - A learned ability to successfully perforn a Arta in action or

related group of actions. While knowledg ten necessary

for skills, the knowledge of how to Oerfo = an a is not the

skill--the performance of the act is the s iding a bicy-

ZITfor example, is a skill requiring p- Ice of a related

sequence of actions. A person may have knowledg of how to
ride - -he could tell you how to sit, pedal, shift 'ears, brake,
etc.--without possessing the skill of riding.

Standards - The third main part, of an objective which specifies the cri-

terion by which the performance is evaluated (how well and/or

how quickly a perform'ance must be done). There are several types

of standards that nay be included in any objective, any of which

tell how well or how quickly the task must be done. AA objective

ray have both a standard of quality and of speed.

Subject Matter Expert - Someone who

being tested. The reason
test items is because the

the subject. A subject ma
perienced in a particular

is well qualified in the subject matter

for having such a person review the
test developer may not be an expert in

tter expert is usually trained and ex-

subject area.

Task - A part of a job that requires certain perfornance(s). A group of

Iasks comprise a job, while complex tasks may be broken down

into subtasks. The job of auto mechanic, for example, is com-

posed of many tasks including tune-ups, repairing -transmissions,

replacing brake linings, etc. The task "tune-pp" is composed of

subtasks such as replace spark plugs, replace points, etc. The

designation of tasks is often arbitrary. If, for example, a

person's job was "tune-up specialist," replacing points would ae"

a task rather than a subtask. Subtasks under "replacing points"

would include removing old points, putting in new points, setting

gap on new points, etc.

162
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Task Analysis - An analysis of a task (or tasks) to determine the skills
and knowledges necessary to perform it, equipment and/br facili-
ties required, attitpdes required, critical tasks, proper se-
quence of actions, etc. Sometimes, all the tasks in a given job
are analyzed by a procedure called 'job task anatysis' or 'job
analysis.' Often, task analysis.is used as a synonym for job
analysis.

valuation Unit - A group of people who-are experts in the area of
testing. Test evaluation personnel are often expert in educa-
tional technology - -they can be of help with many training and
testing problems.

Test-Retest Reliability - Determination of the stability of test scores by
repeated testing. Test-retest reliability assumes trot no
training or forgetting takes place between test administrations,
so both administrations should be given close together in time.
If a test has high test-retest reliability, a- person shguld
score about the same each time he takes the test. If it has low
test-retest reliability, a person's score may vary widely from
one test administration to the next,

Validation - The process of determining whether a test actually measures
what it is intended to measure.

Validity, Concurrent - Statements of concurrent validity indicate the
extent to which a test may be used to estimate an individual's
present standingon the criterion. This type of validity re-
flects only the status quo at a,particular time. In concurrent
validation, individuals'- scores on the CRT are carrelated with
their performances on another measure of the objective(s) in

.question. If people who score high on the CRT score high on the
other measure, while people who score low on the CRT score low
on the other measure, the test is concurrently valid. Of course,
the other measure must be a good one or the concurrent validation
won't mean much.

Validity, Content - If test objectives are based on an.adequate task analy-
sis of what the individual must'do, and if the test items measure
exactly what the objectives say they should, the test is content
valid. Content validation is especially appropriate for CRTs.
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Validity, Predictive - Statements of predictive validity, indicate the .

extent t which ar individual.'s future level or a criterion can
be predicted from a knowledge of his test perfornebte. CRT

scores are correlated with another neasure of the same-perfor-

nane which is taker later, cr the ,lob. If high scores en the

CRT are correlated with success on the Job, while low scores are
correlated with lack of success, the CRT has high predictive

validity.

C
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APPENDIX D

SQUARE RDDT TABLES

How To Use the Sauare Root Tables

For numbers 1 to 1,-000: In column U, locate the number for which

you want the square root ,sand innediately to the right, in Coltmitir,
you will find the answer. For example, the square root of 150 is 12.2474.

For numbers 1,001 to 100,000: (1) Take the number for which you want

the square root and rave its decimal point two places to the left. (2) Round

off "to the nearest whole number, and find this number in Column g. (3) Take

the number iraediately to the right, in Column4F, and rdve its deciral
point one place to the right. That is the square root.

For example, suppose you need the square root of 1,200. First, rove

the deciral point two places to the left. Since this gives yoli 92.0fr,

no rounding is necessary. Then look up the square root of 12 in the square

root table, and you find '3.46410'. Then rove the dediral point one place

to the right and you havethe answer: '34.6410,'

In some cases, there wit be slight rounding error, but this mill not

affect your computation of..0 For example, using Ihi& procedure, you

would find that the square root of 9,912 is 99.4987, when it is actually

99.5590. The difference -- 0.0603 --is insignificant.

For nuibers 100,001 to 10,000,000: (1) Tale the number for which'you'

want the square root and rove its deciral point four places to ttte left.

(2> Round off to the nearest Whole number, and find this number in Cohan N.

Ca) Take the number immediate)), to the right, in Columnlii., and move its

deciral point two places to the right. That is the square root.
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APPENDIX E

REYIEW WESTIOCS AND AKSWERS

Frederick Steinheiser, Jr.
U.S. Amy Research Institute for the Behavioral and Social Sciences

This Appendix contains a set of questions and answers for each chapter.
This is not a set_of test items. Rather, it is suggested that you attempt
to answer each Question for a ciyen chapter after reading that chapter.
You can then check your answer with the supplied answer.

:n many instances, the questions and answers supplement the material
proiided in, the chapter. Hence, 't will be a `learning experience' for
you to study these Questions and answers. A few questions were designed
to be thought - provoking, and wi11 require some creative insight and
application of the information furnished in the text.
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REVIEW PMELEMS FOR CRT MANUAL

.Chapter I

I. One of the important differences between norm-referenced tests and
criterion-referenced tests is this: an NRT has mostly knowledge-type
items, vbereas a CRT has mainly perfdiftrice-type itens. (For example,
writing down the steps in cleaning an M-I6 vs. actually cle.nino it
proper...VT:ITrue or false?

. 2. 50 students went to the rifle range, and each shot 20 rounds. The
spread of scores looked like this:

Number of students 14
4

13
12

getting this number 10. 8
8'

of direct hits 6 4

4 3

gl
0- 3-5 6-8 9-11 12-14 15-17 18-20

Number of direct hits out of 20 shots

To heloyoll in reading this graph, note that 4 students scored from
_..4.--31mliddrect hits. The instructor decided after the exercise to

imerpt the top 2O of the students from further practice, while the
bottom 80% had to stay for more drill. How many students had to stay

for yore practice? Is this narimmanship test an example of a CRT or

KRT, based ts?9, the instructor's scoring procedure?

3. It's often helpful to plot a graph of test data, in order to get a
visual impression of the distribution of scores. The distribution
from an KRT is often quite different from the one of a CRT. (a)

In the distributions below, which one(s) do you _think cane from an

KRT, and which from a CRT? (b) The thrie scores of 30, SG, 80, shown
below, tell different stories, depending upon whether they relate to

the KRT or CRT distribution(s). How might you interpret these scores?
(c) What are some possible reasons (think about both training and testing)
for the differences in the shapes of the CR and KR scores as shown?

- Number of students

getting a given

score

30 SO

Score
E -2
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4. In comparing a large number of scores on a CRT before and after training,
the CRT is being used (a) as a diagnostic aid, (b) to evaluate the
instructor or program of instruction, (c) as a screening device.

5. A student gat 90Z of the problens on a math test correct, so he was
advanced directly to the computer course without havino to take a

math refresher course. This math CRT was used (a) as a diagnostic
aid, (b) to evaluate the instructor or program of instruction (c)
as a screening device.

6. A student passed every item on a test except one. He was then allowed
to enter the instruction program at the level of the test item that
he missed. The information from this CRT was used (a) as a diagnostic
aid, (b) to evaluate the instructor or program of instruction, ?c) as
a screening device.

Chapter 2

I. sitting the outline of a-moving enemy tank with an anti-tank rbund
is an example of a level one, level two, or level three objective?

2. Hitting an enemy tank in actual combat with an anti-tank round is an
example of a level one, level two, or level three objective?

3. Hitting the bull's eye of a stationary circular target with an anti-
tank round is an example of a level one, two, or three objective?

4. It is possible that a poorly specified test item given afteone phase
of training might really be properly specified if given after another
phase of training. True or false? (Hint; Think of the type of
instructions or information given to sollVe a problem in an introductory
vs. an intermediate course.)

5 Matching. Match each example with the appropriate technical term.
The most significant parts of some examples are underlined.

a. Performance b. Conditions c. Standards

I. An action verb tells what is to be done by the student.
2. The task must be performed to a satisfactory criterion level.
3. The dial setting must be correct, to the nearest 1/2 degree.
4. A student has to tune a jeep engine using only the tools provided.
5. An indicator is essential in order to measure thrrarThtent.
6. Just because a student can pass a hands-on test in the classroom

does not guarantee that he'll be able to pass the same test
simulated (or real) combat.
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6. The use of 'unitary objectives' (a) reouires that all tasks be inde-
pendent, (b) is the impleentation of a Level One objective (but
not Level Two or Three), (c) means that you don't have to divide
objectives into Performance, Conditions, and Standards, (d) requires
performance on more than one task at a tine. (More than one choice

ray be correct.)

7. 'Given these pictures of five tools, identify the one used for removing
spark plut- by circling it." What is the rain intent of the objective?
What it the incicator? What are some other indicators that could be
used without changing the mein intent or the conditions?

8. 'Cut a 6 inch diameter circle out of this piece of sheet metal using
the appropriate shears." Xnat is the main intent of this objective?
What is the indicator?

9. Why is it essential that covert rein intents have appropriate indicators?

10. In a couple of sentences, explain wnat is meant by specifying perfor-
mances, conditions, and standards in 'clear, operational terms.'

11. Conditions and standards as specified for a Level One objective may
actually be improperly specified for a Level Two objective. True

or false?

12. Here's an extra "thought problem:'
Suppose that an instructor decided to test a helicopter pilot trainee

without reference to explicit objectives. He merely "went along for

the ride' while the student executed various maneuvers of his own
choosing, and without knowing exactly which ones he ought to do or

what the passing criterion was. (This is, of course, a highly un-
realistic example, but it will help to focus upon some very realistic
issues that crop up in the use of criterion referenced tests.)
After studying this CRT manual, the instructor thought that he would

able to improve his test. How might he go about it? (You don't
have to be an expert in helicopter terminology to come up with a few

overall suggestions.) What kinds of data might the instructor want

to record when the student is executing various maneuvers?

Chapter 3

1. Giving a trainee a paPer and pencil test on how to fire a mortar is

Of higher fidelity than evaluating him on a dry-fire test. True or

false?

174
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2. At the end of a medic's traintno, the instructor decided to pass only
those students who of at least 40 out of 50 paper and pencil test
items correct. Do you' think that this was a good type of test to
certify a student as a medic? Why or awry riot? How would you improve
the test?

3. -Another medical instructor decided to give his students 30 simulated
injuries on dummies to treat, out of the total of 40 such injuries
that had been covered in the course. A passing score was 25 out of
the 30 injuries had to be treated perfectly. How does this test compare
to the first instructor's test? What might be done to improve upon
this test?

4. Mother medical instructor gave his students all 40 of the in'ries
that had been taught in the course on the test dummies. A passing
score was 38 odt'of 40. How does this test compare to the first two
tests mentioned above% What might still be done to improve this test,
assuming that no practical constraints stood in the way? What if there
were corstralrts, so that not all students could be tested on all the
injuries'

5. Which is not an 'objective' test: (a) true-false, (b) matching,
(c) essay, (d) multiple choice, (e) completion or fill-in-the-blank.

6. Having a person conduct the testing who was not the course instructor
ray hell:it° eliminate tne error of (a) standards, (b) logic, (c) central
tendency, (d) halo.

T. Match the-type of measurement ith the correct example.=-=

a. Process b. Product c. Process and Product

1. Find out if this battery has enough charge to start.a jeep.
2. Using -dry-fire techniques, fire 10 M-102 Howitzer rounds for these

ten target settings.
3. Using the proper procedures during live fire for the .above howitzer,

at least 5 out of 10 rounds must impact within 25 meters of the
target.

8. What are some general reasons that may make it necessary to modify
conditions and standards from an ideal to a more practical setting?

9% Item sampling within objectives (a) is used where a concept rust be
learned, (b) is used where there is a routine process to be learned,
(c) requires that a number of similar ilitems be produced from the
total (possibly infinite) number of such items, (d) means that the,
same objective should be tested using a number of different items,
(e) means that the same items are derived from different objectives.
(More than'one choice nay be correct.)
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10. Why should both easy and difficult conditions be used when testing
ruunder ltiple conditions?

11. Sgt. Smith suspects that PFC Jones ray not really be-Ela to remove
the spark plugs in one ninute or less. Jones' tires for three spark

plugs .were 59, 58, 58 sec. The next lowest score was by Duncan, whose
tires were 50, 52, and 53 sec. So Sgt. Smith singled out PFC Jones
to do a fourth plug removal, as an extra (and unplanned) part of the
test,.. Do you agree with Smith's decision? Why or -why not?

How-,many decision points are there in the flow chart on p. 35?

Chapter -4

1. What are the specific steps of the Test Plan Worksheet? How are they

to be used?

2. Evaluate this statement: '.Good instructions do not give any hints

to the students. The more that a student taking a test has to figure
out for himself about the test, the better the test."

3. An inadequate test item is one which (a) is of low fidelity, (b)
requires an indicator response, (c) is of high fidelity, (d) has
stricter conditions than those which were stated in the objective,
(e) has good agreement between the standards of the objective and the

test item.

hapter 5

1. In choosing a group of Non-Masters, why can't you just choose people
from jyar group which has not had the training experience that your
group -6f Masters has had?

2. An instructor was designing a new electronics course. He decided

that he needed 40 items on his final exam. On how many people should

he try out this version of the exam? How many should be Masters, and.

how many should be Hon-Masters?

3. Continuing with the above example, question #4 on this try-out exam
was multiple choice, dealing with the_voltage drop in a step-down
transformer; 26 of the recent grads. chose the correct answer, whereas

6 of the non-masters selected it. That do you think about the value

of this item?

4. Question #17 was a true-false item, asking if, itunnel diode could
be substituted fort a calfunctipning capacitor if wired in parallel

to the nearyst transistor; 18 of the recent grads got it right,

whereas 134bf the non-masters got it right. What do you think about

the value of this item?

176.
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5. Question #14 asked if household voltage was a.c. or d.c.; 30 of the

grads got it right, and 29 of the non-masters pot it right. What do

you think about the value of this item?

Chapter 6

For each of the terms discussed in this chapter, select the appropraite

example or description. There are no duplications.

a. Personal Variables

b. Scoring
c. Fixed Point
d. Go/no-Go

e. Hands-On
f. False Positive
g. Rating Scale.

h. Familiarization
i. False negative

j. Assist Scoring
k. Uniform Instructions
1. Environmental Variable

1. On Monday, PFC Jones passed a practice test, which his instructor

said was just like the real one that was to be given on Wed. But

Jones caught the flu on Tuesday, and still took the test on Wed.

He failed the test, and as a result was not graduated into the next

sequence of instruction.
2. All students should be equally alert, not hungry on tired.

3. Tester should know how to give the test, perhaps by having watched

someone else conduct it previously.
4. Testing with the real device, apparatus, weapon, or machine.

5. The student has too only those items again which he missed, and

does not have to retake the whole test.

6. Student either knows how, or doesn't know how, there'S no in-between

'partial knowledge."
7. Conditions that, if changed from one group to the next, might

(falsely) suggest that there's something wrong or unreliable about

the test.

8. Numbers are assigned to performance on each item.

9. If a numerical answer is close enough to the correct anwer, it will

be scored as correct.

10. Don't give extra hints or play favorites with people taking the test.

Li. Determine if the student's performance met the specified standard.

12. PFC Smith has just advanced from the introductory to the intermediate

automotive repair course. He was not able to tune and engine

completely at the start of the intermediate course --although he had

done so in order to pass the introductory course.

13. Although a student mechanic successfully passed the engine tuning

section of an automotive CRT, he lost 1 tool, broke another, and

_goi grease all over the place. Is this aspect of his performance

significant, although it was not explicitly *tested' by any items

of the actual test?

E-7
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14. If a' strident passes (a) 2, (b) 3, (c) 4 objectives on a CRT with
4 objectives, then he should be passed on the utole test.

_
Chapter 7

I. 'Reliability,' 4zen talking about tests, means about the sane as
(a) validity, (b) that the same scores should obtain on a second)
adhinistration of the test to the sere people, (c) .that the test"
measures what its supposed to measure, (d) standardization of training
and testing conditiont.

2. If"validity is high, reliability will usually be (a) high, (b) low,
(c) cod be either high or low.

3. A test could be_very reliable but not very valid. True or false?

Can you think of an example to back up your answer?

4. Higher fidelity test items nay help to increase (a) reliability,
(b) validity, (c) both, (d) neither.

5. Why should only a short time (like a couple of days) elapse when
conducting a test and ret6sZ reliability check?

6. A class of 30 M.P. students took a test at 1000 on Monday, and were
given the same test (because the instructor wanted to conduct a
reliability check) on Tuesday a 1900. (1900 was the only time

that he could get all of the students together.) The results were:

'First Day

Fail Pass

Pass 2 17

Second Day
Fail 1 10

Compute the value of phi. What does this valve suggest?

7. Another Instructor decided to compare the results of his CRT given
to the 28 students in his class with ratings of each student's
performance as given by an expert-observerThe-results were:

Expert's Ratings

Pass

CRT Results
Fail Pass

1 20

Fail 5 2

Compute the value of phi. What Q!1/4 this value suggest?

E-8
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81 Pere's another `thought question* that will help to prepare you for
some of the more complex uses of CRIs in operational situations.
A Corps` of Engineers test produced the following results:

Form A given on Mon.
. Fail Pass --'

Form A 0 Pass 5 22 A.

given on
Wed. Fail 2 II

What is the value of phi, for test-retest reliabiliiy? Is it an
acceptable value?
The Instructor was not pleased with this value of.phi, and so he gave
the same class another for of .the test (Form 81. on Fri. His ain
wa's to compare the results from Form 8 with the results of Form A,
as the latter was given on Mon. and Wed. The new data looked as

follows: .

g

Form 8 on

Friday

Form A on Mon.
Fail Pass

Pass 1 35.

Fail 3 1

t

Form A on Wed.
Fail Pass

Form 8 on Pass 6 . 28

Friday Fail 2 5

. a

What are the values of phi for these two tables?
Now interpret the values of all three coefficients that you 've cal-:

culated; that is, what do you think the phi values for Form A on Men.
vs- Form B, and Form A on Wed. vs. Form B mean?

y



ANSWERS tO REVIEW PRORIEils

Chapter 1

1. False. Review aage 1-2. And the important dl'ferenoes between NRTs

and CRTs are listed in Fig. 1-1.

2. If the standard specified in this problem is used, then LI students

will have to stay for more practice. This an KRT, because the

tester chose a Passing standard an the basis of how well a student

Performed relative to other students. Note that with this kind of

decision standard, only the top 20% of the students would ,ass even
if (a) all students had performed 'poorly' fall had obtained only 7

or less direct hits), or (b) all students had Performed 'very well'

(all obtained 15 or mcre direct hits).

3a. Distribution A is from an NRT,'whersis B and B' are ?rpm a CRT.

3b. Score of &0 - -on the 'RT, only a small percentage of the stadertts got

this score or higher; on the CRT, riost of the people whom we night

label 'taster' got a score near &0.
Score of 50--on the NRT, mere people got this score than any othir

score; whereas on tne CRT, no one got this middle score.

Score of 30--on the NRT, only a small percentage of the students got

this score or lower; whereas on the CRT, mast of the people wham we

might label as `non- masters' gigt a score near 30.

The 'RT spreads people out on a distribtltion of scores, so that very

few students do really well on the test, and very feW do really poorly.

Most tend-to ciuster around the middle, or average, The CRI ideally ,

tries to spread people into two separate and non-overlaap groups:"

those who clearly passed the test, and those who clearly failed to

pass it. (Masters and non-masters, or distributions B and B'.)
.

3c. There may be several reasons for the differences in the shapes of the

curves. Consider differences in training'procedures. Students!

described by curve A (the NR curve) may have been °trained in,a group',

and given the same amount of training before being tested. Students

described by curve B' may have received individually presdribed in-

struction (each student learning at his owp ,vase), and then tested ivhen

he felt prepared to take the test.
Note that an NRT is designed to spread people out at the extreme scores,

so that very few people do 'really well, and very few people do really

poorly. Most people fal; near the middle. A CRT is designed so that

people who really have mastered the material will do well, and those

, who have not will do poorly on the test. A CRT is not usedbto assign

grades to people, other :than "paSs-f01.' If we use a CRT, we ant

care more about whether person X has mastered the task than if person

X got a better score than person Y.

. 180
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Consider, as a single example, the "task' of broad-jumping. If we

npasure bow far each person can jump, then we're using the distance

teasurement as ah T. As a result of these reasurenents, we'll know
if person X can junp farther than person Y, and we'll be able to plot

a distribution of. scores as In distrib ution A. tiow suppose that we

dig a 1.5 meter ditch, as the mlninum criterion distance that a Dersor

rust be able to jump in order to pass the jumpino test. If a person

can jump the ditch, well pass him; if not-he'll fall ir, and it will

be obvious that he failed. This CRT is pass-fail oriented, since

we're not interested to how far each student jumtoed. Rather, we just

want to know if each student was able to jump across the ditch.

b.

5. c.

6. a.

Chapter 2

1. Level Two. This is 4 very close approximation ',thigh fidelity") to

the *real worlds situation.

2. _Level One. This is the "real world' situation, which is impossible

to totally duplicate in any kind of test setting.

3. Leyel Three. The target used here is such more artificial than the

outline of moving tank, which we just described aa Level Two objec-

tive. lr.general, Level .Three objectives must be passed before Level

To objectives ore tested. Obviously, a student rust learn bow to

load and fire an anti-tank round before he can even hope to hit the

center of -a stationary target.
What level objective would this learning process be? Also a level

Three. Piecemeal assessment of a subcomponent of the actual desired

behavior. in an artificial setting constitutes a Leve4 Three Objectiv,

So this example actually involved only two Level Three objeceves:

making sure that the weapon-can be loaded and fired correctly, and then

testing the student's accuracy of firing at an *artificial' target.

4. True. for example, a student at the end of A training sequence should

not need the broad hints that you gaiiffilm during the earlier phases

of training.. Thus, early in an electronics course the test Conditions

might specify the s cific components or instruments to Jae:used in

trouble-shooting re funct caning equipment.

5. 1-a.- 2-C. 3-c. 4-b. 5-a. 6-b.

6:- a, d.
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7. Main intent: Identify cr recognize the spark plug wrench. Indicator:

circling the picture of the wrenth. Alternative indicators: Pointing

out the picture, or placing a check rark by the picture.

-8._ The student has to first choose the appropriate shears, and then use
them properly in order to cut a six inch circle. he first rain

intent is the actual choice of the correct tool- e second (and

perhaps more important) rain intent is the rect use of the tool in

cutting the sheet metal.

9. Overt {think of "open") main intents specify the required performance,

tel to reasure it, and do not regisfre indicator responses: Covert

(think of "coVered")-main *tents do rot alld4 us to directly reasure

the desired performance. Far example, an anti-aircraft test might
require the gunnery crew to distinguish between the outlines of friendly

YS. tostile,planes. One way to conduct the test would-be to have ginnery

students draw pictures of Phantoms, MiGs, etc. A simpler and better

indicator world be to give black profiles of all such aircraft, and

have the student indicate (by circling, placing a checkmark, etc.)

whether each craft is friendly or hostile.

10. Performances should be-stated by specific action verbs. Conditions

and standards will not be adequate if you have to supply any additional

information. You should not have to interpret or figure out what

is meant by the conditions and standards of statements if they are

operationally defined.

11. True. Recall that a Level Onf objective refers to actual objectives

in meaningful units of work activity in operational envtronments;

"6-the-job-performance."
On the °then hand, Level Three objectives Include enabling skills and

--learning elements. A person mist be able to perform these in order

to correctly perform Level Ti o an.&One objectives. As an example,

a Level One conditions statement might be: Given a malfunctioning

generator...* Tnis would be appropriate for testing an advanced

electrical technician, but not for ope who had just completed the

beginning course. The more appropriate conditions statement for the

no-vice-studentoshould reinclude more specific information ("helpful

hints"), such as: 'Given as 45 KW generator with a broken shaft

bearing..." This would th-en be a tevet Twoidr-even Three) conditions

statement.
This example shows that improperly specified conditions at one level

of objective may indeed be properly specified at another level.

E -12
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12. Consider how the instructor could increase the structure end specif-

icity of testing. How? Ry setting various objectives: Performance
(handling the proper controls in the right sequence), Conditions
(executing different maneuvers, flying with or against ttie wind, with
and without a couple of tons of dead weight), and Standard's (landino
on a given target. Inakiqg a 'soft' lending, etc.). He should have a

checkhst of these many objectives ram up before testing the trainee,
so that he won't have to Wry on his own intuitive evaluation and
memory for what the entire set of scares was.
The instructor would want to record such data as: errors that the

student made in carrying oft various maneuvers, student's response
tines and hesitation, whether the student's response brought the craft

ire rang of the appropriate standard (did he fly on course,

did he land or target, etc?).

Chapter 3

1. False. 1-tioner fidelity items are rare realistic and require 'hands--

on' performance.

2. No. This is only a paper and pencil test. You should have the trainees

Perform some of the behaviors that they will be required to perform on

the job. Getting only 40 cut of 50 questions correct also seems to

be a ratner lax standard, especially in a critical area like medical

training. Incomplete or imperfect knowledge could. result in needless

suffering or even death.

3. This is better, because it is now a simulated 'hands7onu performance

test. However, only 30 test items (out of the 40 injuries which had
been covered in the course; have been choseri from the 40 cases studied

in the course. And only 25 of the 30 items need to be passed. So this

less-than-full coverage also seems to be a rather lax standard.

4. This is a better test. Assuming that the items were reliable and valid

(see chapters 5 and 7), the only obvious way to improve the test would

be to increase the number of items. This would cover more variations

of the original 40 types of injuries, If there were practical con-
straints as proposed, you might then want to randomly divide the class

into two croups of 25 students each. Then randomly divide the 40 test

items $nto two groups of 20 each. Thus, each student would get only

20 problems, but he would not know which 20 beforehand. He would have

to do all 20 correctly.

5. c,e. All of the other choices in this answer could be "machine -scored."

Se aware that sties more than one answer can be correct in fill-in-

the blank items. Both this type of an item, and essay questions reqUire

judgment by the scorer.

E-13
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6.. d. The instructor might be tempted to give his own students slightly
higher tarts just to makehirself look good.

. 1-b. 2=a. (Only the settings are measuredno livefire is used.)
3-c.

8. You ray have to cut down on the amount of supplies used in the test:

fuel, ammunition, etc., because of excessive cost. YOU ray have to'

:ogduct the test for a shorter tine length than you'd like to, because

of: lame numbers of students, small number of judges, livited
availability of test site.

9. a, c, d.

10. Supose that.the subject fails under one or more or the difficult

conditions. Was it because he couidn't do the task at allotor because
a condition was just too difficult? If you have one easy condition,
and the subject passes that phase of the test, you'll at least know
that he can do the task, although perhaps not under all conditions f

difficulty.

11. %o. He's letting his own subjective feelir s and perhaps personal

dislike bias his interpretation of the sco for Jones. 'It is

never proper to add test item erg a test dministration (p. 3-31).'

12. Five. Each of the t'diamonds" requires thatri yes-no decision be rade

at that point.

Chapter 4

1. The column headings in Fig. 3-11 indicate the specific guidelines

which are explained in more detail on p. 4-2. In actual practice,

it may often be easiest if you first of all gake up a test item
from your own assessment of the guidelines, and then check it against
the specifications listed in Fig. 3-11. That is, after you've

treated a test item and specified the performance, conditions, and
standards, all you have left to do is fill in the columns of the

worksheet.

2. Note that on p. 4-6, hints are acceptable. Furthermore, the

guidelines on p. 4-7 suggest that as a general rule, Specific
instructions should be supplied to the student. Hands-on

performance items should have performance, conditions, and
standards explicitly stated in operational terms.

3. d. Performance, conditions, and standards rust match in the

objective and in the test item. Level of fidelity, by itself, does

. not rake an item good _or bad. And ad objective ray have an- overt

rain intent or require an ind4cator response-

184
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31W toter 5

1. The non-masters group must be composed of people who have liet-the,
minimal requirements for ertering the course. They should be an
actusl smote of, or at least represple uto will be taking
the course, Think of Now abs:trd it would be to ase as the non-rasters
a group of secretaries, simply because tone of them had ever done
anything similar to vmat the test was all about (such as disassembling
and cleaning an M-16)! Because none of them will ever do it, people
from this secretarial group cannot be used as your group of nsn-rasters.

2. 3/2 x 40 =-60 people altogether. Ralf should be rasters (31), and
half should be non-rasters (30).
10 47 let the number of available masters and non-masters in the
tryout population dictate the nutter of items on your test. You
MUST get en:Joh people to test out the number of items you feel "are
necessary.

3.

4.

Pass

Fail

Non-Masters Masters

6 26

. 24 4

!ote that 10 people (16.7%) were incorrectly classified. Yes, this
its", seems to discriminate between masters and non-rasters fairly
well.

Pass

Nan-Masters Masters

13 18

Fail 17. 12 -

There is a 50-50 chance of getting this item correct just by gu6sing,
SD you'd expect about 15 people out of 30 to get'it right, by chance
alone. And indeed, 18 of the masters got it right, and 13 of the
non-masters got it right. Since only 3 more masters got it richt
than would be expected by chance, the item rust be so difficult that
tit should be discarded.

5. Since so many non-masters got this itel correct, the item shduld -

be omitted. It just didn't separate the rasters from the.non-
rasters.

18-5'
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Chapter 6

1. I-i. 2-a. 3-h. 4-e. 5-j. 6-d. 7 -1. 8-g. 9-2 10-t. 11-b. 12-f.

13. Yes. Although the product was actually doing food repair work (so
that the engine would indeed run-smoothly), the process by which he
achieved that product should also be noted by the examiner. And part

of the process includes the trainee's careless behavior.
It's possible that the student could use same remedial practice In
how he does repair work, even though he is able to perform the actual
wing and repairs successfully.

14. c. The trainee must pass the minimal number of items for each
objective. You can't just add up the total number of item passed
across all objectives, and then see if that value exceeds the criterion
value for the overall test. Rather, each objective rust be passed it
sore minimal level in order for the viET,Ti test to be passed.

Chapter 7

1. b. Think of reliability as the repeatability of test scores. Choices

, a And c refer to validity--does the test 'measure what it is supposed
to measure? Choice d may help to increase reliability, but is not
the correct answer here because it could refer to other things besides
reliability.

2. a. If the test is really measuring what it's supposed to measure,
then you should get about the same results when conducting a test-
retest reliability check. Of course, external conditions and personal
variables could decrease the reliability of the test results, as
could confusion among judges about scoring procedures.

True. To'take an oversimplified example, suppose that you
by (or

you thought

that a bA all player's-letti ng ability could be neaeured
predicted y, or was related to) his ttiftwing ability. Certainly

r

_ the raxicum distance that he can throw a baseball will be a rather
re44able measure over many such throwing trials. But the distance

TiiilEican throw a ball is not a valid measure (may not be highly
correlated with) of his batting ability.

4. c. Validity will be increased because the test is ecloser approxi-

ration to the *real thing.° And 'higher fidelity means that irrelevant

factors which might otherwise influence the performance of the test

taker are reduced. Therefore, repeated performances should be more

consistent. And the more consistent the performance, the higher the

reliability.
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5. People forget things over a period of tire. And, some things
that people learn since taking a test ray interfere with the
knowledge or skill that had been previously learned to pass the
test.

6. phi = 1 x 17 - 10 x 2 -3 = -.02

'119 x 11 x 3 x 27 %12Z9 x 81

Either conditions or personal variables for both) were undesirable

on the second day. Actually, the trainees were probably just too

tired and poorly motivated to be taking a test at 1900.

7. phi = 20 x 5 - 1 x 2 = 100 - 2 = +.70

21 x 7 x 22 x 6 % 19,404

__Them_se=s to be rather high concurrent validity.

8. phi = 22 x_2 - 5 x 11 = -.03

phi =

%'36 x x 36 x 4

phi = x 2 - 6 A 5 = +.10 i.

%134 x 7 x 33 x 8

,;27 x x 33 x 7

3 x.35 - 1 x 11 = +.72

L

The first value of phi, -.03, is so low that there is very poor
reliability for Form A test-retest reliability.
Examining the second and third phi coefficients, we say note
that the Form A results from Monday correlate very highly with the

Form B results from Friday. However, the Form A results from

Wed. correlate very poorly with Form B results from Fri. What is

the tester able to infer from all of this?
Well, sccething was probably quite unfavorable when Form A was
given on Wed. Perhaps conditions or personal variables were

adverse.
It therefore sews that Form A is reliable, Form B is also reliable,

and that we can dismiss the results of Wed, as arising from adverse

conditions external to the test.
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