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SUMMARY

Air Force Human Resources Laboratory has recently launched ‘an attack
ﬂn the problems associated with producing a meaningful criterion ‘measure
‘of job performance.j“Changes in training techndlogy are slowly destroying

technical training performance as the criterion which historiqally has , '~

been used in the validation of selection and clasaification ‘tests, 8 . .
situation, of course, is decidedly inconvenient but one healthy effect L
. of it 1is- that we are being forced to take a closer look at the'possibility .
~of developing a criterion more directly relatéd to gqn~the-job performanceJ
an effort which should coptinue across the ‘years in any organizationrwith
_a practical interest in predictor reseagch.. .

- ST

We have high hopes, but few illusions. We know that the criterion
: iproblem hds been perhaps the most intractable one in psychometrics sinqe
< . dts ipception. But we know also that, for some incomprelensible reason,

- few foncerted and sustained efforts have been mountcd on this most - .
ortant researth area. We do not .expect to "solve" the criterion
‘pgoblem; but we hope we can make a few contributions,,and we believe we
at least make some progress toward our modest goal--to develop a-f
sat¥sfactory substitute for technical school grades to use as a validation
criterion for our predictor tests. . .

.
-
.

This symposium was sponsored by AFOSR, ‘with the invaliiable aasistance
of Captain Jack Thorpe. The purpose was to bring. together several of the
researchers who have been recently concerned with variaus aspects of :;4
criterion research to exchange ideas over a 2-day period, :and “to provide
) discussion and critique of the directions our respective research efforts
. are.taking. More formal presentations of work and ideas" connected: with
‘ criterion research by military .scientists comprised the central part of -

'the 2-day period. It was preceded by more informal material in the way oo

. of introductory remarks, and it was followed by summary material provided\

concerning our work. The informal-materials preceding and following the
formal presentations were taken directly from tape recordings of . the
proceedings, and, with minor editorial changes by ‘the speakers (who were -
invited to review their remarks prior to’ publication) appear just as they
were spoken. : R Ca

We sincerely hope that the publication of these proceedings will be
reptesentative of the most advanced thinking currehtly available on* Tt
criterion research. We confidently believe that this publicatior oontains
thinking which will be helpful to anyone directly concerned)withuthis ‘
challenging and fascinating area. | 3 TR
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L . We are pleased to express our appreciation to all the participants in

. the .symposium who worked so hard on ‘the papers presented here, and we offer
% our special thanks to the five invited members of a panel requested to offer
R criticism -and guidance to the rest of us. They were, in a1phabetica1 order.

% YW Dr. John P. Campbell
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. T . . OPENING STATEMENT ‘o

~ .Dr. Charles E. Hutchinson : : .
Air Force Offfce of ‘Scientific Research
s . .
l,\ . l' : vt
I have a memory for all of the wrong thinga. T can remember oge
time spending 10-weeks in San Antonio, and the reason for being-here
was to deactivate the .Alr FPorce Personnel and Training Rassarch Center.

Some ‘of you may have-memories. that long. My zole was to cull through ..

-the‘ptbductive efforts of a lot of people both in~house and by contrac-.

tual suppott in thé area of social psycholqgy and social sciences; -
which was aupposedly my field, and recommend which should go to the
archives, wh;ch.should go, to the burn basket and which to try to

.fsalvage. ..

-~
:‘\

‘And I can bet you that shis is, a much happier time to be in San-
Antonio to nét bury Caésar but. to praise him, and it's been one of tle

'.delights dﬁ‘my short cereer in OSR-*I've only been there since’ 1956, - -
. the Bape )uar that 1 deactivated AFPTRC-—and I got hooked by OSR and it

became an ‘addiction. . g

LA

L sut tha T son*for‘OSR‘Being involved is that- OSR is a research -
"arm of the Air Force vhich reaches out to the "research community in

universities. - For your information,.I think in the ypar to come,- 1978;"
and the years fellowing on, thare will beran enhanéed Air Force research-
program im universities, ané AFOSR will “be ‘the key irstrument for the °

"Air Force in reaching the universities wigh'this program. I simply tell

you that to alert you. .Many of you are. in service, eome of you may by .

that time be-out, but dgf't forget OSR. ‘It's a place that will be .

available. The néw research program ig being sponsored ‘by the Department
of Defense. - I can tell you what-‘the plémning was when I was a part of
the system, and it was that the first year would be 33 million dollars,

- 11 million fn each of the services for expanded university-defense
:. research, the second year would.be 50 million with whatever propqrtion -

would go equally to thé segvices, and the third year a 75 million dollar’
program3 25 million 1n each\of the services:

Now if" th'is. pr ram comes to OSR (and @ey re still talking about
it--Dr. Allen. and GoPdﬁa are still dn place), we're going to need .
some he%? in encouraging people to do meaningful research that has
justificatisn for tﬁe Air Force--not for the National Science Foundation,
not for the Natio Institute of "Health>-and it's OSR's role to manage
a program of this Wed which includes'upiversity research and other




8 . ] : ' ;o a
. ;‘ . : ‘ ’ = e '
research orgaﬁizations working for the "Air Foxce to assure that this
is.coupled with the needs both current and future of Air Force labora-
tories. The prime'iaboratory that I have been' concerned with and for !
which I'm most grateful because they have made it easy to do my coup¥ing
job is the Human Resources Laboratory through its divisions. It is
another evidence of ‘that coupling that I'm here today and that OSR can
have a small part in fostering a program that invented the. concept of
having a meeting.. The work was doéne here' in the Personnel Division,
and I1'm able to take all this credit simply because there was a concept
in OSR to expend some resources in trying to improve the coupling, and .
OSR's been at that point.

I'd 1ike to make one introduction. I'm here talking for OSR' as if
I belonged. 1It's correct that I am a retired Eerson and not a program
manager anymore; I'm almost a free citizen. 1I've got under two weeks,
I think, to finish this year's quota that they've allotted me. But
.Capt Jack Thorpe is the officiaé and substantial representative of
AFOSR--you may have known him as a substantial member of the Flying-
Training Division program—-but he will be with us and he is the program
manager in the area in which this meeting operates. So 1f you have
ideas and you want to sell somebody, don't tell me, tell him. Jack
will be fomenting this program to the best of his abilities, and we are
convinced in OSR that they're substantial. I really, as I said, have
nothing to say other than welcome’and get with it. 1

s
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- ' WELCOMING| REMARKS ’ ‘
\ - \
Colonel Dan&l) Fulgham
' : Commander : A o
‘ Air Force Human Resources Laboratory ' g <

o

"It's a great pleasure- for our laboratory to host this meeting. I- ,
came down here with some intention of making a few opening remarks and.. .
remind you of the importance of this kind of work, but seeing the people
in the audience~-I think I probably know 90% of you--and since this
isn't Sunday, there's no sense in me preaching to the choir today. I
would like to welcome you and tell.you I believe that, as psychologists,
you're in very gopd hands. Ty Newton's a physiologist, Dr. McCormick
will tell you that I'm more physiologist than psychologist, so we think _
we can probably do you a good turn. But we are very pleased to have ¢
you here. - :

Charley made some remarks in connection with the demise of personnel
research except for the small unit that we had left at Lackland. When I £
came into the organization back in 1971, I started asking questions about
why should the work that apparently was so important to the Air Force
have fallen into enough disfavor of support that we actually, wound up
losing a considerable organizational capability. I think Charley, if
I'm correct, you went from about twelve hundred people down to 800 and
finally wound up with about 250 left at Lackland when they disestablished
the organization. And I think that probably one of the major reasons
that led to the lack of support at the higher marfagement levels of the
organization was that the research efforts got too far from the user
requirements. It seemed that when it was time for the user to stand
ap° and be counted and support the laboratory, he couldn't find enough
usable research that was being directly applied to some of his problems.
"I think that probably one of the'things that we have to guard against
in this business more than anything else is the production of useful
but not ung research.

. L
Now wg've taken a new tack in this laboratory in that we try to
ensure that when we start working on a usex problem, he is convinced it's
a problem, that we' share that conviction, and we try and draw him into v
our research with us. And I think that that has paid off enormously
for us in that we're getting a better pickup on our product than ever
before. Now, since I'm principally experienced in the flying end of
the .business, we, of course, have been very, very much interested in
research, over time on the performance of the pilots and aircrews. I
was reminded by a'qolleague from the University of Michigan recently

L] . 3 po- i ‘
o J



that we've been working on objective performance measurement for 30
years in flight regimes and we're no closer to having a viable system
than we were when we started, So, something that I think you'll be
hearing ghout today--hOpefully you'll mention it——is the pilpt skills
maintenance program that fre're trying to generate We're trying'to
draw a lot of this humar/ performance under an umbrella program that
we're going to call S s Maintenance and Reacquisition Training.
Now*a key element of this—wsteg number 2 after the identification of
the skills in which we're principally interested--is the measurement
of-performance. in -those skills. And hopefully, for the first time
(and we'have some indication we may be successful this time), we're
going to convince the Air Force to let us scientifically or technically
manipulate these skills and their performance and measure the effects.
From this, hopefully, will come tfie data base that we need. Then we

. need to determine what kinds of training programs what combinations.
of media, and what kind of a training system we need in the airgrew

. / area. .I think there'll be a great dezy of spin-off from this into the
) other areas of: performance measurement as well.

o
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. . INTRODUCTION TO KEYNOTE SPEAKER

ot T N )
Colonel Tyree H. Newton
Chief, Personnel Research Division
Air Force Human Resources Laboratory
: . . S S ’
- L

?

I mentioﬁed earlier‘uhat in order to get something like this off
the ground it, takes a lot of people doing a lot of things. The' prime

mover for this‘symposium was Pr. Leland Brokaw. It was his idea. He '

discussed it ,over a year ago and it kind of faded for.awhile, -and then
he bnought it up -again, and he kept with it. He's the one who made
the contact with Dr. Hutchinson, he provided the theme and the format
for this symposium, aﬁd it! 8. through his persistence that we're here
today. Dr. Brokaw has been with this organization, or the precursor
of this organization, since 1946 as a civilian: Prior to that time

he was with it for 3.years in the military, so he knows the business.
He's held virtualiy every type of job in personnel research and he's
presently the Technical Director for the Personnel Research Division.
It's with pleasure - ‘that I introduce to you/Dr Leland Brokaw who will
give the .keynote remarks for this symposium - . ,

— . . \ .,
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‘ ’ KEYNOTE ADDRESS ) ‘

-

. Dr. Leland D. Brokaw
L Technical Director -
Personnel Research Division
Air Force Human Resources Laboratory

v

Col Fulghg: warned about preaching to the choir and I find m&self

comments to perhaps set the tone for is meeting would be in order:

I realize a keynote speech is supposed to arouse your passions and your
enthusiasms, and we all go forward to "defeat the foe and all those good
things, so this really isn't a keynote; this perhaps 1s more of a foot-

.-in that somewh unenviable position,é;:t it seemed.to me that a’few

note. In passing, I1'd like to point out that numbers of us have heard .

an announcement proffered by my friend, Fred Muckler, who is Zsck_there

. in the bleachers someplace. The Navy is having a similar kin

meeting - focused ‘on their problems in performance measuremept, October
12 through October 14, in San Diego, and I look forward to being there.
It is oyr hope that some of the things that are perhaps conceived jhere
will be born there. : ro '
. ;'
We are met to discuss a basic problem in personnel managemeqt. We
are met to discuss an intractable difficulty in personnel research. We
are met to discuss an area in which there has beén scientific frustra-

‘tion and lack of confidence for many, many years. Yet in a pragmatic

world of work we see busipesses, industries, and military services

going about their missions in prpductive ways with apparent happiness

on the part of the people who qug for them. So why then are we making
such a big deal of developing ways of objectively measuring performance -
on a job? 1Is it ‘because we lack the ‘ingenuity, is it because we do not .
perceive the true complexity of work environments, or is it because we
are making the job too complicated for ourselves? . Col Fulgham supported
us in October of 1976 when we launched a” program in criterion develop-
ment. He knows that wé know that the probability of our finding a
glorious solution is relatively small. He knows, as we know, that if

' we do find such a solution, it will be to the considerable benefit of
~ most industries, most industrial psychologists, most organizations.

I'4

is to deveiop a methodologyw for the collection of job
ta for use in the validation bf Air Force selection and
8. N It's parochial), it's narrow, and it's our

e we want to:talk about here today

classification
problem; it's

There are’ three reasons we want to do this: First, changes in

_training‘technolohiqarelslowly debtroying technical training performance

5.
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as our criterion te be used in the'Vaiidation of selection and clagsifi-
cation tests. If we look at pass/fail we find that the PQ splits are 90

to 10 or worse. -Air Training Command has tecggnized our-problem. They

are continuing to develop a continuous numeric score for many of the

~ courses at some cost to themselves..
!

-

~ ‘» Secondly, we have recognized ever since I started khis businéssg,
longer ago than most of yoy have been here, that the techmical train-

¢1ng grade as a device for the validation of a'seléction instrumerit is

- Man interim kind of criteffon. The objective of selection, like the

objectivo of training, is to put a competent worker in a jeb. While
" it is true the completion of training is a hurdle that you mygst get by .-

- to get to thé job, there is as yet very little demonstration of
- relevance of the selection or the training for the job. -We'must.
generate a systém that will permit the judgment of such relevance.

E .- The third reason was forecast in my openin comments. A research
I‘ problem exists here, ad hoc developments for th¢ purpose appear in the.
.literature by the thousands, but there does not appear to be a continu-
- - ity, a flow, which establisheés systems which can be applied objectively
. by comparatively untrained people which will .generate useful data for
our purposes. Assessment centers for the identification of mahagers
or the pinpointing of places where managers need training are very
popular these days. We thought -about assessment centers forfperhaps
45 seconds and concluded that the ponderous nature of the time that =~
they take and the amount of money that they cost renders them undesir-
able as useful measures for the validation of enlisted selection
" measures in the Air Farce. An eminent - .psychologist, whose name I can't
relnember, has contemplated this problem and he has said "It's going = -
to cos? you a lot- of money to collect/ performance d¢ ta‘'to use for a
criterion. But be that -as it may, if that's what it costs, go ahead
and spend it." "Well, these are nice, brave womds for a guy who doesn t:
have my budget. . B

. :. r, L

1
In our own program, our approach has beep’ classical. I'm afraid
we've shown very little ingenuity. We're starting from all the well
known places But it is our intent by doing this to tie together the
shreds we find in the literature and to build a basis for further
progress. We've always got an eye on the checkbook. It is our intent
to balance costs to get results. If we are completely successful, we'll
have a straightforward, inexpensive, objective way of collecting the
kind of data that we need.

Now you all know thaf theie arg peirtormance measuring systems
operational in every upfganizatiou for every kind of people in-these
organizations. But thbre are difrerences between those kinds of data
and the kind that we nped for the validation of classification devices.
We need devices that Are sensitive to individual differe in job
specific skills. it's possible, we' need to measure t:& gskills in

'
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a way that is uncontaminated by the personality and the motivations of
the incumbent. At the same time we need adso to measure that nDtivation,
‘the.drive, the initiative, so that we can moderate, if you will, the
aptitude data that we collect. The performance evaluations used in

. operational programs tend to be more generalized; they tend to be.over— o

-all measures of productivity or“performance They ‘tend- to be focused
on promgtability rather than on the things which make the current job
really well done or not well done. And, we have another problem.
Insofar as a supervisor cannot hire or fire or promote'unilaterally,
insofar, as a,@upervisor is not qulpable for high ratings, insofar as a
supervisor depends upon his people for his-own production, there will
be a tendency for him to rate high. When ratings get high they*>lose
their 'variance, and when they loBe their variance ‘they lose their
predictive efficiency We Find this in most military performance .
‘programs. L Vo — o X
This confeTerice has three major objectives. First, to share our
areas of concérn and difficulty, that we.may jointly explore for
economic solutions. Secondly, to review ongoing efforts in the
" Personnel Research Division for the el itation of constructive criti-
cism. Thirdly, to foster common attacks upon our. coimdén problems, the
best approach to this business. Wit /the experience and the expertise
provided in this group, we'll have g bette; chance than we've ever had
before go really begin to cope with some 6f the basic issues of this
matter. Let us move into the ‘pre entations ‘bf this symposium with an
awareness of the difficulties offthe area, with confidence that there
are ways to solve them. Let usg/be critical"in our search for effective
téchniques, and let -us be alert for the positive things in every
presentation that we'll hear, ' .

7
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AIR TRAINING COMMAND INTEREST IN THE CRITERION PROBLEM - o=
. 0 / <
. Yeasd
" . R ‘ - ‘ L . ) . Cad
Ponald E. Meygr i A
S " Air Training Command -~ - - ' e - .
‘ o . Randolph Air Force Base¢/, Texas - U S oo
: ‘The main theme of this symposium has to do’yith-ﬁerformqnce.ul v ;
- criteria as they apply to personnel selection and classificatiqn;'and' ‘il':
] ~ you may be assured-that the Air Trainirng Command has vital and continu- * [ °
A ing interests in these areas. But after the selection and classification € ¢~

process is completed, the Air Training Command is faced with providing .~
the most effective and economical training possible. Consequently, in 3
recognition of our extended intetrests, Dr. Brokaw'gavé'me permission to
change the thrust of my presentation to the need.for performance .
criteria for training purposes. Y .

! : ’ .
As many of you know, the Air Force has been committed to the use
of instructional system development (ISD) since about 1970, first by
policy statements from the Air Force Chief of 'Staff, and more recently
by Air Force regulation.. Additjonally, conceptual guidahce is given in
Alr Force Manual 50-2, and "How To" information for application of ISD
' to course development is provided by Air Force Pamphlet 50-38. An ISD'ed
-course is based on the exact requirements of the specialty for which
the training is provided. It is,a key to the avoidance of unnecessary
and therefore wasteful training. Avoidance:of waste has always been
important to skillful and conscientious course developers, but now
becomes a necessity due to budgetary restraints. '

Although the Air Training Command led the ‘Air Force. in the use of . ./
ISD in course development, we are still beset with many problems. Better
_ training for ISD practitioners is a continuing need. Additiomnally,
ISD training ‘for management personnel needs to be further emphasized
to make management more aware of the time, effort, and resources that
must be invested in a really first-class ISD treatment; and, of courde
a realization of the efficiencles that result, i.e., teaching precisely
what is needed for the 'job. These are reak problems, but solutions
come readily to mind and there is hope that\Ifﬁpot by, edict, perhaps
through osmosis they will be svlved over time:

BN

The biggest problem and the une for which I can see no near term ’ ;
* solution lies in the early phases of applying the ISD process, the task

& analysis. In addition to being the first step in the ISD process, it

is also tHe most .crucial, for without the proper data base, expressed °

in usaple detail, the effort rests on a bad foundation. ,The result,
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though perfectly éxecuted will likely fall short of providing the\most
cost-effective training:possiblel, i.e., it may teach either more or ‘less’
 than the 8kills required on the job. The liKelihood is tiat the course
will contain more than required, ‘and that is asteful. Non-ISD believera
scoff at this idea by asserting that no one can ever know too mych.
agree with them in z;%nciple but the notion assumes that having once
been exposed. to a ‘s l.-or subject matter in a school situation, Tt 1s
retained for application at some later time. This premise seldom .Rolds
true. Again, what is needed is accurate and reliable means to .
identify the perforﬁaﬁCe xequirements of the job. 1In theory we know ‘how
to do this, but 4n practice some elémentSs are missing. We do not have
access to-task analyses for most, of the skills we train. And with an
obligation to conduct some 3 000 different courses, of which about one-
third are revised each year, it is doubtful. that we will ever have o
conventional task analyses for this: purpose. Our budget simply won't
RY * " accommodate this expense. Let me explain how we presently do business,
what the constraints dre, and what needs to be. improved. -

One of the.prime documents used in course development is the .

specialty training standard (STS). This is an Air Force publication

- . used to standardize and control the subject matter.content and level of
T . training perceived as needed to achieve the skills and. knowledge required °
W . for an Air Force specialty. It is prepared by the particular ATC
E school responsible for the ing and then circulated through the:
major Air Force commands for review and coordination, after which it
Sl is published to become a quasi-contract between ATC as the producer
< wl and the MAJCOMs who receive our graduates.

»

The STS 1s a widely used document. It has been around for about
25. years or so and has wide acceptance in the Air Force. It provides *.,
a listing of the knowledges and skills that should be possessed for
an- Air Force specialty and, as such, it provides a start point in the_:
development cycle. The STS is used as a basis for resident “course
development, OJT, follow-on career development courses, and other
functioris such as development of the specialty knowledge tests which. are
used for promotion considerations. It is'a useful document, but it
dfes have several limitations that should be given a great deal of
attention.

The kirst and most obvious is the fact that the STS 'ls developed _
by |subject matter specialists who rely on their own backgrounds and
experience to determine what it should contain. I can't knock experi- |
¢ ence~=tt's a valuable asset—but frequently people with similar .
experience backgrounds have entirely different views on the same topic.
Also, even though the people who develop.the STSs bear the same AFSC,
some of them have had different experiences during their careers and
this also leads to disagreements. Who 1s right? The outcome is
usually arbitrary, but predictably represents the views of the highest
ranking, most articulate, or vociferous member of the team developing

3
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§~the STS. Errors made are generally on the conservdtive side and that' s'
’K“he MAJCOMs «don't take issue with an STS during codordination. The

. tr ing is seen as adequate even though it might be of wider scope.
and-depth than would actually be required. We have had a lot of help
on this particular problem, based upon AFHRL-rtsearch in improving the
efficiency of our occupational survey techniques. I'd like to briefly
summarize some things that are happening that are encouraging to the

~  belief thatsthe STS can be made more objective ‘than it now, is.

" Petiodically, the Occupational Measurement Cénter, an ATC organization,
conducts occupational s&%ﬁgys. All of the enlisted AFSCs in the Air
Force with authorizations ®f over 100 persortnel in an occupational

- specialty are surveyed. This occurs .at about 3-.to 4-year intervals.

. - An éxhaustive listing pf dutles and tasks for a parbicular specialty

» 1s developed by a group of senior’ and knowledgeable personnel in each
specialty gathered from MAJCOMs' Air Force-wide. °The-listing is then
put into a survey format and sent to the field where performance data
are gathered. Prior to the AFHRL research in,this area, occypational
survey reports resulted in voluminous machine printouts and addressed
only the number of airmen performing the tasks and the percent of time
they spent on them. Though they provided- reliable data, these print-
outs proved tedious fo analyze and incomplete for use in curriculum
.development. Course designers still had to base their decisions on many °
undefined subjective factors such as '"task crificality," Mtask
importance," etc. !

-~

The recentl& developed product of HRL research promises to'virtualiy
. - automate the decision making process. The research has identified.and
quantified the major factors\of the previously subjective judgments.
These new factors, task delay tolerance, consequences of‘inadequate
performance, and task difficulty can be statistically .combined with
r the old factors to yield a training priority index. This index ranks
each task in a specialty in the order of its priority for training.”
From these data, a fairly objeetiwve picture of what people in the field
are actually doing and the implications for training can be obtained.

‘ The' Command has recently developed a procedure that uses the occupa-
“tional survey data to construct sﬁecialty training standards. At
present, the procedure is being service tested at several of our
technical training centers. If the present service test proves the
technique successful, a big obstacle, that is, the subjectivity of the

. STS will have been overcome. This will give us a certain amount of
assurance that the STS i8 based upon actual field requirements rather
than what someone thinks those requirements are.

Even with this improvewent , however, the SIS LasTriGema are too
broadly stated to be used in the development of behavioral objectives
for efficient training. ror exawple, in one of the electronics career
field STSs, a task statcment says "Align the system." This is-am

‘ imporLant,maintenance'functiun and it is simple and understandably
stated. Upon a closer look, huowever, we find that there are some 50
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alignments that can bée made on a given‘piecb of equipment. You can
readlily see the dile faced in tf?ing to apply ISD with that kind of
imprecise data base,/. The STS task -segments are just not specific enough.
The course develop 14 forced to exercise subjective judgments that can

- be very wasteful terms of over-training or dangerous in terms of
under-training. /° ‘ : S

-

v . . '*\\nﬁ
What we neg¢d 1s a method that will translate the task staﬁements
of the STS intd task analysis-type detail usable for course d velopment.
The process myst be reliable, fast, and economical. I have ween a - !
.. classificati of nihe different approaches to task analysis. This
« " . classificatibn ranges all the way from on-site observation to a single
subject matfer expert making.a detailed break-out of task data. Each of
o these apprpaches has its advantages and disadvantages. The most '

a great enough reduction in cost to make the.prOCEﬁa\géngdable.

+ -/ We need the help of the research community in the dévelopmerit and
- validation of a technique or‘fechnique& to solve this problem. The

tr ining establishments of the services would be the most immediate .
b eficiary, but there are other applications as well: the production
job performance aids, the production of maintenance instructions. for
echiiical orders and perhaps, since the task analysis data we need for
training is closely related to the performance data needed for the
development of improved selection. assighment techniques, it might be
possible for a cqntribution in this area. I would-urge that you keep
this is mind as you,shape your research programs. The refinement of
present task analysis techniques or a breakthrough in finding a new
approach that would restlt in economical, and reliable task data in
sufficient detail to be used in course development is sorely needed

and will require at least as great a research effort as was expended

4
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. VI :
THE CRITERION PROBLEM: A PERSONNEL
MANAGEMENT PERSPECTIVE

9 -

.

Major Wayne S. Sellman and Lt Col Willibord T. Silva .-
Alr Force Military Personnel Center g
Randolph Air Force Base, Texas

‘i Within the Air Force, we are confronted with the same personnel
problems as any other organization, whether large or small, public or
private--that of shaping and adapting available human resources irto
useful and effective manpower. In that regard, the very multiplicity
of skills required by the Air Force poses problems in personnel plan-—
ning, .training, and manpower utilization which are all but unprecedented. A
Personnel requirements change rapidly and on a large scale, and are ’ :
dependent to a large extent upon technological advances and the inter-
‘national political situation. . 4

Obviously, Air Force personnel management is a highly complex
affair. As you know, to cope with these complexities requires creative
and innovative personnel research--research ‘which addresses all aspects
of the -personnel life-cycle: selection,‘classification, training,
performance appraisal, promotion, and organizational development. Such
topics are of great interest to us—-an interest engendered from two
basic sources. First, we are users of your product. Qur effectiveness '
as personnel managers hinges on the successful application of techniques
and procedures developed from past. personnel research.

Second, we are sponsors of your research. In that role, we serve
as the liaison agency between you and the rest of the ‘Air Force
encouraging, explaining, and extolling the virtues of research and ita - ‘

applications. : ‘ . :

-

Ihus, we have a very symbiotic relationship with personnel research
scientists. We depend on you for timely and efficient gsolutions to
‘management. problems as well as for input into the formulation of personnel
policy. You, in turn, depend on us as sort of public. relations experts .
who ensure your various efforts are understood and appreciated not only
"across.the Air Force rank and file but at the highest echelons of Air
. Force management as well. So, we were especially'pleased to accept
. the invitation to speak at chis symposium and share some Qf our ideas

and perceptions with you. .-

Now, to the subject at hand. We were asked to comment on the Air
Staff interest in the criterion problem. That.interest can be expressed

“
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in one word--considerable; in fact, to cverstate its importance to
. personnel management would be literally impossible. How we do business
in personnel is to a large extent determined by the criteria used in
personnel research. Without adequate criteria, personnel functions
derived from and dependent upon that research would be less effective
and efficient. . In other words, the magnitude of the contribution -of
personnel research to Air Fdrce personnel management 1s determined,
for the most part, by the adequacy of the criterion” measures evolved

"Having now established our 1nterest in the criterion problem,
perhaps it wotild be appropriate for us to identify just' what we mean . .
by a criterion. Blum and.Naylor (1968) defipe criterion as a 'measure
of .the goodness of a worker." Den't we wish this were so in the Air
Force? In industrial personnel research the criterion. that is usually ‘
‘used concerns the degree to which a worker can be éorisidered sucqessful ;o
on the "job. For example, the ‘criterion might be sales figures, numbers
‘of acceptable urits produced, or .any other measurement of work accom-
.plishment; or "lack thereof. Unfortunately, in the Alr Force we have
no overall measure of job success or productivity although one has been .
sought for the last 35 years.

Other definitions of the criterion may also be found in the lit&ra; .
‘ ture. Guion (1965) defines it simply as "that which 1is to be predicted "o
ﬁk- while McCormick and Tiffin (1974) hage described it in terms’ of "a “ff
. dependent variable." It would seem that the Air Force rather- pragmat-
ically subscribes to these latter two definitions. In practice r
primary criterion is success in training; its rationale is tha igu
W person is adequately trained, “he will have Suffiéient knowledge to be
able to successfully perform his job.

‘Although much work on the criterion problem has been accomplished,

especially irfi measuring success in training, perhaps the time has come

. to shift emphasis and explore other types of criteria~-criteria such as

] atpitudes, motivation, satisfaction, leadership, accidents, absenteeism,
and rates of promotion. Take the lattet two, for example. All other
things being equal (and they almost never are) the employee who attends.
work regularly is more valuable to the orgdnization than the one who
frequently .misses work. If patterus ot absence could be reliably
_measured, they might scive L0 open a mew dimension in military selection

research. e
- 3 { .
*Moxeovver, c¢ver (hough the Aty Foice uses a welghted jfactor promotion*
system for enlisted persow.el, leagth of time before promotion occurs,
or number of times . onsidered reforg prowotion selection mfkht be
measures of promotability that could be used. Admittedly, because of
- constraints unique to the Air rorce, such criteria may not be as easily-
measured and possiLly not as Jirectly relevant as If they were industrial
criteria. Neverthele.s, jerhaps more attention should be directed
toward their possible us.. And, of course, there is still our old

friend, job productivity. tven «hough past efforts haven't exactly

: . o
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P yielded a break rough, pursuits in this direction must be continued
T ’ PR ' ‘
' Recently, leption research in the military services has been
! critiqized by the¢ Defense Sclence Board as well: ‘as_othér committees and
"working groups chartered.by the Office of ‘the Director, Defense Research
- and. Engineering, for apparent lack of gress. . Tﬁbse groups point out .
Uhat*vhligities are no higher. today, on the average, ‘tHari they were’a .
"decade ago. It.is c only gccepted, although ‘not necessarily by testing
researchers, that the reasOn for this situation lies in the types of Eea{s
R that‘ane~used as pred ctors (1.e., wechave reached the state-of-therart)
- However, another equa ly likely explanation may be in the ‘Way in which
) ““the criterion problem has been .handled. Psychologists have traditionally
gought "the criterion.' " Te do that we have attempted to combine several\\
subcxitefia,into ong .overall measure of job performance. But, as we
‘have. become more sophisticated, we have moved toward a position that’
_Job_success is multidimensional in nature. Ifgthis is so, then it .- i
would follow logically that criteria must also be multidimensional. RS
Could it be that. one way to erdpancé our selection and classification.
strabgiies wouId be through ;;E use of multiple criteria? Too.often,
' we dojnot use all“the job™in ormation available in the selection of '
crite:ia. True, time -and cost considerations come into. play, ' but more:
N effort should pe expended in selecting criteria appropriate for each _
individual mi iﬁry occupation,. not just .using success in training as _~"'
the catchall cr eriqn for all of them. _ - R

-

-
el
[

4 In this regard we believe that4zﬁe of the best’statements of this
point was made by Wallace and,Weitz in the 1955+ Annual. Review of )
gxchologi' "The criterion problem continues to lead all others in’ lip

. service and to, trail most in terms of work reported. It seems probable - -
that almost all investigators flow recognize the ‘importance of develop-
ing acceptable criteria and submitting them to the greatest sc¢rutiny
,and cdrrection. Unfortunately, a reviewer must also conclude that the

. pressure of getting things done is still wooing many into the convenient . -

" device of accepting the criteria at hand and hoping it will :turn but
all right." .Unfortunately, this situation is even today, some 20 years
1ater, still the rule rather than the exception T o

-

2

: Now one final word. about ihe selection of criteria. Brogden and: .
Taylor (1950) have“identified ten major criterion proBlems encountergd

by . personnel researchers Qne of these is sponsor acceptability--the P
selectjon of,a criterion that is meaningful ared fylly acceptable to
- management e, would suggeqt that today's researchers, ‘particularly .

those in thé military envir ment, are not as sensitive to this_consid- >
‘eration ds tﬂey could and should bé&. ™ For example, in planning studies,' .
" how often do scientists interact with research users in the selection |

of criterta.: Probably not very often. A more common occurrence might
"be the scieatist selecting the criteria and then informing the user—-if -
even that much®coordination goes en in the research planning stages
Cl.arly, here is an area where research cap be made more user s

.
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‘allyded to earlder, i.e., operational/mission effectivensss:* Using -*-,

-~

. assurances ‘to commanders that these people can do the job. What now?

o - .

i . : T
oriented--the user must "be\ involved in the aelection of "accepggBIi"‘JP
and relevant" criteria. : , .

¥ [
ki

~ The’ isaue of relevance introduees an area of criterion technclogy

ithe best criteria available, We have selécted, classified, and trained o
a highly,capable pergsonnal force and sent them to the field with .
How does the commander know that the job is being done, of, even more
importantly, that the mission will be accomplished when or if the horn
. blows? Every commander is aeeking that evasive assessment of organi-
zational effectiveness which represents the operationalization of thev

. skills and capabilities of his personnel._ ‘ (I

—_d

4

Typically, we in the military have assessed overall miseion
effectiveness in terms of the four factors shown in Figure 1. ‘For the
.combat-unit.all of.these are Xelevant;-for suppprt-units different -
_combinations of the four fattors are more apprp8£iate- However, .
fegardless of the unit's mission or function one” factor remains
constaﬁt--personnel -7, _ ‘

L d -
: .
v, . v

, We make our evaluations of :he non-personnel factor in fairly
quantitative terms using computer modeling, engineering tests, combat

= experience, and on-site inspections. Our assessment of the human

factor is much Jess sophisticated War games or 2xerciaes and opera-
tional inspections are our tyPical tools, but these are sﬁbjective at
best as well as time constrained, When we consider that in ‘a year's
time,20% of“a unit's personnel nay have changed, the effectiveness. . .
ratin eceived 12 months earller takes on an entirely different -
pérspective. Thus, the requirement for quantifiasble, intégrated,

; time-sensitive criteria for organizational effectiveness remaihs a ,

4

technoldgy need. R

-

.The literature on organiz -,'nalj;ffestiveneq'~criteria is exten-
sive and, because of its ubigH ofisness, has made application difficult y
and somewhat limited. While OTrganizational criteria have.been - C
described in terms of 'system input/output/process variables, identi~
fication of potential standards alone is not enough. Such identifica-
tion must be followed with the development and.validation of reliable °
and relevant criteria of organiza;ional effectiveness. Bowsetr, in an
August, 1976, review concerning criteria of operatienal unit effective-
ness, summarizes the requirement quite succinctly: '"The basic problem,
of defining organizational effectiveness within the U.S. Navy (all
Services) requires considerable résearch. The framework establighed i

“for evaluation of criteria is ggneral enough to fit most organizational

criteria. However, becauge it is so general, it may not provide sufficien
structure for eyaluation. The state-of-the-art concerned with evaluat-,

ing orgapizati nal effectiveness is primitive enough to 'require -

"development of criteria in order to support organizational research. -

-
-~
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' Our 1atter excursioq into organizational: effectiveness‘was obviously
' not intended to provide a learned treatise on operational riteria . P
’/7{, technology. It,was, rather, designed to sensitize you-to/a legitimate o

N

user need. We must not forget that the personnel pipeline extends far
beyond its-input junction. K Indeed, perhaps its reach b

cfiferion technology ' : nb'

In.summary, Alr Staff interest in criteria is to .find the best
one(s), combine them in the most appropriate and 1 ginative way, and
 accordingly stteamline to the maximum extent the.w. we d6 ‘business .
An "hiring, placing, progressing, and evaluating". ur people. However,
as Blum and Naylor (1968) have pointed out, "For years, psychologists
- have labored under the notion that the objective is to find~'the
ctiterion® in ‘the same way that the knights of King Arthur's Round . :
.....=_Table were charged with finding the Holy Grail.. . Both have had about _ S
' equal and limited success." We trust that in the ensuing/p years this '
situation has somewhat improved. Certainly Patricia Cain 'Smith (1976)
4in her.chapter on criteria in the Handbook on Industrial -and: Organizatibnal
Psychology sounds a note of optimism. ' In any-event, development of
reliable, relevant, and valid criteria .for use in Air Force personnel
research -(and management) remains a task of paramount importance. It's '
nice to be present at -this symposium and to know there are the kinds of
people represented here who are capable of addressing this difficult

problem.

-,

. . l
¢
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- , ~ ARMY RESEARCH IN THE CRITERION AREA: s y Ce
A CHANGE OF EMPHASIS . ) WQ' : e
" ) ' ' . ' . LA
. H.E. Uhlaner, A.J. Drucker, and W.B. ﬁamm ‘E . e
. ' U.S. Army Research Institute for the Behavioral and So ial Sciences L
Alexandria, Virginia 22333 . . C R ‘
Ay ‘ S
During the past decade, Army research to develop-and measure criteria
human performance has moved to achieve greater relevance to job. tasks,
ncluding the noncognitIvé aspects of these tasks and more efficient
------ implementation of performance measures related.to-Army - proBlems——%hat e e
- 1s, criteria are expected not only to be psychometrically predictable ' i‘(('
. ‘but to show reasonably logical, relevant relationships to the job.
"There is wide recognition that few joh performances. are unidimensional
alsp an awareness that it is neither possible nor feasible to test
completely all the component tasks\'and subtasks of many jobs or work
situations, - Hence ctitically sel e—sampling plans_hdve been. __ '
.developed. Information concerning ow well an individual can perform
the :tasks necessary to do the job 18 often gathered by means of a
"criterion reference test''—-a test made‘up of items. directly related to’
the’ jg} of interest (Boycan & Rose, 1977). Adequate ‘and relevant
statistical measurement of job performance is either nét practical or.
rigorous; often influenced by noncognitive considerations, e.g., degree
of risk taking. New assessment indicators had to be developed and used
along with. mote conventional methods. Analytic experience has convinced _'1
" v the performance test community that there is no easy way to overcome
f chronic criterion 'validity problems. Only meticulous, knowledgeabie
‘development of accurate descriptions of the relationships between
psychological variables and precise identification ‘of these variables -
© §an reduce criterion validity problems. The minimal passing criterion,
the way this criterion was derived from the job objectives, the nature
" ~of -the test items, and the length of the. test together make up the
o, ssessment system, within’ which a variety of quantitative models are
used (Macready, Steinheiser,. Epstein, & Mi be11a, in press).

I

° ) 5 The Test Bed Modd1

\For ‘a better understanding of job perJQ;mance criteria it has ' ’
become very clear that a better theoretical \hase is necessary.. . The a
senior author has presented a concept /0of the interaction of se1ection,
training, and job design for effective work performance. His major
hypothesis is- that aptitudes, job demands, and surrounding conditions
coalesce'to yleld varying levels of performance. ‘The cohceptual back-

ground for his hypothesis includes a job taxonomy containing cognitive
M T _ 4 : :

.'v, . ) ‘ ) 19 . , % ‘ "c - ".




T ‘_variance‘and nonc6gnitive variance, the ad hoc nature of values and -
. "goals, and the great variety of styles of behavior by which individuals
" and orggnizations seek and achieve goal% (Uhlaner, 1970) o o
5
' ' It is proposed that for many, applied purposes,' including systems
v ‘development, ‘the . criterion should be a g;ten one, rather than the ‘yield
of preceding predictors, and.should be licitly specified with respect

;} to both cognitive and noncognitive variance- ’ , - : S

- . Figure 1 presents a test bed ‘model which can be developed at. the
' .- user's location. The user ean indicate. specifications of the. results
he desires. He 1s provided with a number of negotiable options -leading
‘to the same result, each reflecting a different trade-off possibility..
" The user makes the final decision as to the. option selected (Uhlanér, o

N~

“1970) N : ’

2 3NN /" - AU [ A5

Y T — "
-The test bed model method emphasizes the oukcomés of deciSions'and'
their conaequences for individuals and institutions, whereas traditional
,assessments have emphasized only measurement and prediction. 'The validity .
coefficient tells us about the:degree of association between the predicted
and obtained-exiterion scores. But often, from a practical staﬁdpoint,
. the number ¢f cqrrect personnel decisions resulting from the use of a
—_given cutoff ascyre1is more important—than knowledg_ of the validity
coefficient (Cronbach & _Gleser, 1965). : ,

o NS . : o ,
la‘_, - “f, . Achievement Criteria ' . f C ~.j . [ ),

2
>

.

J .
Army Research Institute for. the Behavional and Social Sciénces'
. -(AKRI) research risults over the decades shbw that; in general, three
. types of criteria are uséd to measure achlevement : school grades,
ratings, and situational or erformance measures. . The trend, to no
one's surprise, has been away from grades and more subjective ratings-
_toward multi-cri ria performance-oriented measurement. Table 1! shows
the relative frequency with which these criteria occur in reﬁorts of

ARI research qver a 20-year period. o y . . o )
v s _ Table 1. Type and Freqdency of Criteria'Used .
' T - (N = 209 Publications, 1956 - 1977) . .
- + Type of Criteria .‘Lﬁ ‘f f I .
“ . I . 4 a . . -
. " I.- Gradés , - 79 (27%)
' I1. tings ‘v 81 (27%)
III. Rerformance - i ' 93 (31%)

\/ -~ MdtricCriterion | T 43 (15%) SRR
. " ' | T T , ~
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.. Grades are used primarily as eriteria for cognitive predict rs. -
Cognitive’factors are those th t involve gcceptable right and wr ng
. answers *Job elements (Uhlanet, 1970), Urades &ré€ used as criteria
. for selectib _and classification tests, much the same\ as in the ‘past

' (Haggerty, - 1953; Maier; 1972; Zeidner, Harper, & Karcher, 1956). The

. recently im lemented Skill Qualification Testing System (Maier, xqeng,

T & Hirshfel 906) will gradually replace the paper~and-pencil Military
OccupationaleSpecialty (MOS) tests in the Army, however, thus reducing
even furthen the need for grades. . Ratings have been used to evaluate

i on-the~job Performance of officers and enlisted mén, especially where
. interaction with other people is involved., Selected performanee tests ~
.~ have been used primarily to measure a more complicated mix of cognitive

and noncognitive Job demands. «.mﬁ?

A l : The three groupings of criteria are not mut Qﬂy exclusive and are
: “intended only to provide some indication of the framewofk of their
use--particularly within the ARI. Note that grades and ratin ~account
er little over half (54%) of the criteria used. ﬁThis is due, in
lakge t, to the larger proportion of studie’s involving school
_ criteria. Also, current trends, as mentioned before, show" that training

“and other performance criteria are increasingly obtained from simulated
or situational performance-oriented indices. ' :

.

Grades ;. : e ‘ o -
- = L b TN
By,iar the most frequently. used criterion in the: perioddaust ST

'%followidg‘Worla “‘War TII“was the academic.grade or the pass-fail training

- criterion.; The relationship between gradep and on-the—job performance

" has consistently never been very high. Yet wh re‘school training is. a
,jprerequisite -for job assignment, the trainee st pass the course, and

. therefore ‘the applied research scientist must _pay some.attention~to._
grades or pass/fail measures in training. School grades appear to

predict best: when training is for jobs with high cognitive demands that .
involve, cleat-cut "right" and "wrong" job elen Validity ‘coefficients
‘tend to be maderate to high between such jobs'an ol grades.”In. e,
sum, grades are most useful in reflecting ability inf¥Wgademic or . . .- '
cognitive aspects of the job.

. .
B . .
3 ¢ N [Ied

-t -‘

* . Grades in school d&”not seem to take ‘Into" account noncognitive
~ factors that rélate to “8tyle of behavior and performance reflecting
' specified orvimplied values and attitudes. _.Experience on the.job seems
- to.be most crutial for ‘specific noncognitﬁ§E performance——experience
" coupled with the, persoh"s use of his/her individual talents -and ?alues

~ to achieve goals.

-

Ratings . T . . T e T
o The rating is ¢ne measure of reffectiveness that seems videly'v
accepted. The essence of a rating is a judgment by one -person or a
. . R B
. R ' . B | . -‘ . 35 22 | _ .o "
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group of persons of the performance of another individualw The rating
is simple and familiar, but -it is also thefsource of many fallacious .
beliefs among management and supervisors. "ARI research for many years.
as attempted to establish methods for obtaining reliable and valid
atings; it has had its impact on many research tasks However, many
of thHe fallacies prevailing .inthe 50's are still with us. Here are
some examples together with res?arch—baﬁed information bearing upon v
the problem: . . . .

3

Fallacy 1. We can alégys meaningfully rate a person's performance
on 30 to %0 gseparate scales. Research results have shown ‘that a large
general factor dominates the rating even wﬁen deliberate attempts are
made to measure different aspects of job performance by using a number
of specific rating scales. Raters typically seem to perceive only a
single measure of success, Whether it is an actual single meaSurc, a <
formally weighted composite, or an implicit weighted composite.
However, recent efforts to developSperformance criteria have the practical
‘advantage pf combining related fractional criteria into a composite, :
tending to avoid the ambiguity of combining unrelated variables. This
procedure defines related performange measures that are more clearly

- understood by ,the evaluators (Duffy, 1976; Root, Ep tein, Steinheiser,

Hayes, Wood, Sulzen, Burgess," Mirabblla, Erwin, & Jd&hnson, 1976) .
Criterion measures that assess individual job performance in terms bf
concrete job functions sgem to yield a reasonably accurate measure of.
perfqQrmance, whether or not the measures’ are subsequently combined
into a composite rating. Also, fmultiple evaluatdrs' are 1ikely to
increase the validity of performance ratings. '

' ) .

Fallacy 2. Hard raters render more valid ratings than easy raters.
In research.addressing this sutlject, there is very little difference in ~
validity of hard and easy ratings, although’ hard raters tend:to bunch -
their ratings somewhat lower on the scale (Browning, Campbell, Birnbaum,
Campbell, Fold & Haggerty, 1952a, 1952b). .

' Fadlacy 3. Bright raters render, more valid'ratings than the

- ngtsso-bright, or‘a rater. has 59 be - exceptionally bright tg rate well.
The ‘research evidence is vhat raters of aveyage intelligence have

rendered, ratings as valid as any rating by thers ‘There 1s, some
evidence that, when persons in the lower 167 of the‘distribution of.
mental abilities rate. others, the ratings are not quite so valid
(Chesler, Brogden, Brown, & Katz, 1952). However, nearly all raters
tend to evaluate good performance more effectively than poor performance.

Fallacy.4. A better rating can be obtained by giving the rater a
more definite frame of reference. An example of this would be "How .
would you like the ratee to serve under Yyou?" rather than "How competent
is the ratee?'" The earlier research answer was.that if any improvement
results, it was negligible (Karcher, Gampbell, Falk, & Haggerty,\1952).
However, when measures. are behavioral ifi content and actually relate to

_ the expected behavioriand the criterion dimensions underlying such

l, a
: 23 : :
» : .
- 33 o
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'measures are c1ear1y identified, then relfable construct measurément
techniques are effective.? The work in this area is still under, wayy
' and problems with the .many theoretical aspects of current concepts sof
content and construct validity are moot. In.any caae, raters seem to -
' rate mpre reliably and validly when they are aware of the criterion to
be evaluated. . ~

- i

On inwhstigation, thus, t‘Lse four commonly held concepts have ‘ot v

proved to be entirely correct. ' However, several questions are often

asked " abou: rating practices and. procedures that affect the research
usefulness of the rating. Typical quescions and answers in/connection‘
with the Officer Efficiency Rating are: Should every military:officer

be required to show his rating to. the rated officer? It should make
very little difference whether .the ratings are shown otr made- by identi-
fied or anonymous -raters, provided all ratings are done the same way . e
~ ‘(Chésler, Brogdeii, Brown, & Katz, 1952; ‘KRarcher, Winetr, Falk, &

_ Haggerty, 1952; Seeley & King, 1956). Are€ ratings by identified. raters

any different from ratings by anonymous raters? The congensus is that

although there may be an inflation of ratings wﬂgg the ratings are -
ratnrs agree more. on

. - shown, differences in validity. are negligible.
g their: evalyations of,job*ch;:is if they have had more opportunity to
. observe the individual performing on the job? The answkr is yes, S
generally, as implied in Table 2 (Medland & Olans, 1964) . S .
. ~

Table 2 also, shows Superior validity of peer ratings, which have
" proven to be genera11y reliable and.valid over cadre ratings (Mohr,
1975). Qne can reason. that fellow trainees or fellow workers. on the
job are usually in a good position to observe performance, and that’
- frequent association in a training situation, even for a peripd of 8
weeks, is sufficient to enable the rater to make the judgments re?uired
ol
Table 3' shows some of the research evidence for the claim that the

i peer rating is one of the best predictors of subsequent Army performance -
‘(Downey, 1976; Drucker,’ 1957 Parrish & Drucker, 1957; Willemin," PR
Rosenberg, & White, 1957)” S ~p'f1_' o ,:__ # ',, 1hi}5f
. . e . ' . R I IR oY . : \ - . :, y

. i oo ;f Tabie 3 Peer Rating Comparisons oo .
. i . w: ‘ .
Combat ~ ' L r. = .60 . C v L

o Leadership ) _ r. = .49 BN : v

: - Special Forces r. = .43 : : S U
¥ Lo ) West -Point r. = .50 . :
Ranger .. - r. = .52"

. Another important finding in most rating situations iﬁ’that a
rating based on the judgment of more than one rater 1s better than a
single rating (Kafcher et al., 1952). The use of mu1tip1e raters 1is
quite likely to increase the validity of the performance rating

. : o
< . } e
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, “'likely to yield different validity measures of the individyal- ratee's '

~

However, evaluations with different organizational perspectives are

-performance. More information is obtained, resulting in an even more
~ accurate and possiblw more useful assessment.of performance (Duffy,
1976). It is the authers' cenvictfon tHat ratings should be ‘used®most
: frequently when the assessgent of noncognitive factors is involved, as
in - the performance of poteEEial leaders or the performance of fighting
personnel.

t

" 1‘ ) :
In sum, ratings afe seen as simple to understand dﬁd easy to use.
But ratings permit only relative measurements between person A and <
pergon B. For go/no go measureiment, we must - consider the third type
¢ df criterion--performance measuremEnts.
. 8
Performance Measures : c S ' o T
This third measure of effectiveness is one of the oldest and also,
.as one of the nevest, has become increasingly;accepcable.“ In
- prihciple a performance test 18 a job sample test--similar in form to
the  trade test of ‘the early years in industrial psychology. The' test
of performance in an actual situation has been applied with growing ‘
> frequency where the need for more objective measures is perceived as .

crucial.

The advantages of the situational performance measute make it a}_.
much more effective criterion measure than the ghade or rating, even

.~ though the development of such measures presents challenging problems. “\

With.performance tests, we “can approach’ success/failure 1imits?-a .goal :
. not reachable with_traditional ratings. For example, how many hand .
grenades can the soldier throw on target in one minute? Or, how long
‘does it takesa squad to capture- a specified hill? With such precise
: information, a commander can better assess the performance ‘of individ-
. uals or groups; with ratings such comparison is less feasible because
" the needed reference point is lacking T E . ,
REALTRAIN A most effective use of performance ‘testing is
exemplified in REALTRAIN, one of the Army's new and extremely success-
ful tactical trajining gystems (Root et al., 1976). The peasurement -
objectives of REALTRAIN include a specific set of operations for - _
. observing and evaluatinp agreed-upon relevant kinds.of behavior.- The
. recorded data indicate wHether or not a clearly operationally-defined
job or task has been performed.  The soldier's performance is measured

¢' directly--no inference is necessary Simulated battlefield realism is

"'u

an important: consideration, so the performance objectives for combat
effectiveness require that° : :

(1) Leaders and soldiers take timely and appropriate response to

enemy action in a dynamic combat situation. . .

. .
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o (2) Units achieve effective and efficient intra- and interwunit T e
'’ coordination. ¥ - . \ , Lo,
_ (3) Units maximize the effects of availane weapons an. the enemy‘§ re
Y g . e : «
Foe (4) ‘Units minimihe ‘the effects of enemy weapons on themselves., 'ﬂ

The REALTRAIN method Provides realism for two-sided, free-play
-exercises, with a credible means of assessing ‘tasualties. . Infant . ﬂsﬁ;

REALTRAIN exercises are centered around the M16 -rifle. Each soldier -

.weapon is equipped with a 6X telescope (Fig 2), and all participants.
- wear 3%'" black two-digit numbers on their helmets. - Opponents try to
read each other's numbers using the telescopg. When a man on one side .
« " didentifies a number, he fires a blank round and reports the number to
a controller; the controller then radios the number to a centroller
~with the opposing force, and the man whose number was identified is
. assessed as a casualty5 (Shriver, Griffin, Jones, Word, Root & -Hayes, ,
 1975). s Procedures .have . been developed to determine casualties e
- objéctively for the M~60 ‘machine gun, hand grenade, ML8Al Claymore .
mine,. LAW‘ tank main gun, TOW, DRAGON, and M16Al antipersonnel and M-21
- antitank mines.. *A critical element of the tactical gngagement gsimula="
- tion occurs during the after-action review, .when, events surrounding .
each day' 8 action are discussed and feedback is-provided each individﬁal .

. involved in the exercise. - ) 4 _ S

-

Figure 2, REALTRAIN simulation ideatification.



- \

REAI, IN' is based on (;wb conceptual frameworks. ‘The first; ‘as
out:].ined Uhlaner (1970), specifies "human performance in systems
terms; t second is based on the premise of the performance situation,.
in this caﬁe uccess fn battle." The initial validation of REALTRAIN
(Root et al+7 197@) wikh Army combat units in’ Europe and walidation
research -at Fort O ifornia (Banks, Hardy, Scott, 'Kress, & Word,
1977), have indic@l fhat training effectiveness results are impres-

g sively and consistéfftly positive. o NN
. . / . . -

An obvious disadvéntage of such performance measures or situational -
tests, however, is‘lat they are.difficult and expensive to construct..
Despite fforts to cilitz)e ‘the administration of standardized job
elements}. the observer's tsgremains a 'demanding one. Whenever o

* f possible, ARI relies- on aut tic recording of responses.  One exampl'e; .
telated to REALTRAIN, is the Multiple Integrated Laser En'gagement
Simuiation Sy¥stems (MILES) Fig 3)% a family of low power, éye-safe
lasers which will simulate the direct fire characteristics of the
©M16Al gifle, the M60, M2, and M5, machine”guns, the VIPER, DRAGON, TOW,
~ and Shillelagh missile systems plus e 105pm tank main guns. A .
hierarchy of weapons eff,ects is established in the detector logic--for-
‘example, a tank main gun can' destroy an armoxed personnel carrier, but
an M16 rifle cannot. This, equipment provides immediate and accurate
casualty assessment in two-sided, free-play tactical exercises.’” The
laser "firings'" are keyed by the discharges of a blank round’ - - Despite
the sophisticated apparatus, a knowledgeable official is still needed
to ensure that proper procedures are followed.® Thus, a need sti#i
. exists to train observers thoroughly and rehearse ;hem repeat:edl‘y in
what they are to do.

\J . , .

M6 RIFLE SYSTEM

/ : MlGAC_ ]
S e LASER TRANSMITTER
105 MM/CDAX MG LASER

HELMET DETECTORS TRANSMITTER ASSEM lV .
(IN GUN CHAMBER), /

MAN WORN LASER MGOA1/A3 TANK 'S'YSTEM
DETECTOR (MWLD) .

M85 MG + DOMBAT VEHICLE
TRANSMITTER KitL INDICATOR
ASSENBLY . .

HIT INDICATDR ALARM

DECODER ELECTRONICS

DETECTOR BELT SET e

\ ) NOTE: THE TANK COMMANDER AND LOADER
WEAR MAN WDRN LASER DETECTOR HARNESS

] . 1
.

“Figure 3. Multiple Integra?e{ Laser Engagement Simulation V(MILES).
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. ~ Organizational effectiveness. A gomewhat different area of -

: ‘measurement deals with.the dJdiagnosis and evaluation of Organizational
Effectiveness (OE); offen requiring situational performance meagures .
of a largel non-cognitive naturé~-especially measures of attitudes
and VYalues. The Work Environment Questionnaire (WEQ), used on OE
research, provides attitude measutes of the supervisors and the work °
group, gives situational factors that are related to job performance,
and relates their impbrtance to the job as perceived by the sgldier
and his leaders. The WEQ has been validated against objective standards
of job activity and self-perceptiong of work, all of which were in turn
validated against actual on~the—J0b performance (Turney & Collen, 1976). L

. The objective of the OE program is to identify and .to optimize
those organizational factors im .the Army work environment related to
‘soldier job- satisfaction, motivation, and performance. The objective
is. met through a five-phase research program, progressively identifying
and developing: »t .

g
(1) Criteria of organizationa] effectiveness.
. —

(2) Organizational functioning: structures, processes, and problems. )

(3) ‘Parameters of the Of procegs. °

. <<: (4) Diagnostic methods.'_

~ .
(5) Intervention strategy .
) . \
.- - The WEQ study was a follow-up of extensive longitudinal research
encountered over a’ 3-year period to develop the diagnostic instruments.
Pretests in 1973 provided initial data, validation of the instruments
- was conducted in 1974 and 1975, and in May-June*i975 an original
. diagnosti¢ survey was conducted in one Army agehcy in the Army Air.
Defense (Co d. The survey focuseq primarily on forse operations in
a field sgation. Experimental consjderations were: '

& (1) The work was performed by 16-man teams, each consisting of a
senior NCO supervisor in charge of 14 Operators and one analyst. ¢

(2) Both individual and team Performance criteria could be
collected for validation purposes While the team did its job.él -

(3) A large number of teams Performing identical functions allowed
experimental control.
A Y ~ )
The Morse operationsf are important to the mission requirements of
the organization and the represeﬂtatiOn of the complex semicomputerized
systems being implemented Army{yide (Coﬂ!h & Turney, 1976).

hd L]
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.+ The findings, in general, revealed seven major organizational
problem areas: peer group norms which fail to encourage good perform-
ance, insufficient performance feedback, need for training in .
supervisory technique, role ambiguity and co 1lict, inadequate

‘ 1ntergtoﬁpﬂqommunicamion patterns, lack of clear performance-reward
‘ rélationship,. and ambiguous performance evaluation standards. OE
intervention was able to alleviate most of these.

?

Duty modules. An example of the development ¢f performance
criteria is the duty module concept which has the practical advantage
of a coxgposite criterion cOmbig}ng«related variabl that operationally
define performance measures  to the evaluators. The duty module.is a
‘cluster of tasks that are meaningfully related though not necessarily
contained in one job.- In fact, an ARI research projeéct found that
eight j¢b dimensions could be incorporated into a single Job Proficiency
Apprdisal instrument designed to assess 30 entry-level specialty fields

\ - of/the Offiwer Personnel Management Systém. These job dimensionms
déscribe specific dutiés in the areas of Administrative Details, .
Correspondence, Counseling, Maintaining Standards, Training, Supply
Management, Technical Knowledge, and Control/Coordination (Duffy,
1976)- (@) . o = : -

.

4

NOE. Situational performance tests demand both subject matter
expertise and psychological knowledge. Imaginati6n and ingenuity are
required to bring out the desired performance in a highly concentrated
test behavior simuiation, contrived and presented for the examinee
within fimited geographical bounds. A host of practical problems must
be solved. One example of a field problem is that used by ‘Army heli-
copter performance evaluators. '

The helicopﬁer pilot's task is to navigate or fly a UH-1 helicopter’
over a prescribed route at Nap—of-Earth, er tree top height, at variable
alr speeds, using natural features for concealment. The performance is
conducted in the field, and three measures are used.

(1) Total mission flights - a distance/track deviation measure
which tells the percent of track followed and to what degree the pilot
has been off course.'! : ' ‘

/

°

(2) Individual tasks - tasks abstracted from total performance,
such as mission planning (Farrell, 1973). ‘ \

7

(3) Special individual behaviots = a high degree of abstraction is
often involved here and, for that reason, the measurement of such _
behaviors is most readily accomplished in the laboratory. For example,
levels of ambient illumination can be varied 'in order to determine
effects upon terrain recognition ability.12 -




_ Besides the prattical complications in meaSuring performance- in
' the*complex and multidimensional task of pilots, there is the problem
-‘of weight in the valué of an error (e.g., the.operational significance
" of a course deviation error of 300 meters, versus a. deviation of 50 5
'meters) " This is a typical problem presented by performance measures - v
"“that are tied to opeﬂgﬁ} ot

'?"?b ..q ‘

ion missions. ;1,
~ Despite these practical difficulties, a strong belief ‘exists
' among performance research scientists in the human factors area that
further progress in more sophisticated differential validation of .
certain kinds of human factors performance, particularly ‘the kinds (
which future officers of the Army may be exposed, can best’ be tapped
by this sort of field/laboratory measurement. -Earlier we implied that
ratings hit only a common core of ability. We believe that situational
performance measures will permit a sharper delineation of differential
. ability, as already evidenced by the Fort McClellan research project
- on officer performance.

Peculiar to the mili and to the Army, whatever criteria are

. is the fact that jo§§<:5§; be performed under both peacetime

garri and combat conditions. One of the biggest challenges has been

ective measurement of performance in the combat situa-:

sityations are relatively rare, of course,, and, when we
find them, it may 'be extremely inconvenient’to secure complete evalua-
tions. Recognizing the importance for military psychologists of

" obtaining measures against such elusive combat criteria, research
scientists have developed an approach called criterion. equivalence
(Wherry, Ross, & Wolins, 1}954). The fundamental procedure in criterion
equivalence approaches is based on a mathemhticali truism, that when two
measures are equal to a third, they are equal to other. Criterion
equivalence studies have led to the conclusion that the same measures
are predictive of performance in both combat and in garrison situations.
The specific techniques of accomplishing criterion qqulvalence are
elaborated in reports by Gaylord (1953) and" Johnson (1956).

Systems Criteria ¥

Underlying the discussion thus far have been the concepts of
comparing one person with another, or one person against a specific set
of job standards. As our laboratories have become concerned with
systems and system research, we have become more aware of the fact that’
the systems the Army-will be required to manage have very complex internal
structures, and that if we are to learn how to act so as to produce the
results intended, we will need new ways of thinking about complex
systems (Uhlaner, 1960, 1964, 1975).

A ) . * .
Development of the systems output criterion has proved to be some-
what more difficult. The generalized concepts that the military manager -
or system developer intuitively intended are very difficult to translate

into operational temms. Systems evaluations are primarily a matter»of,
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judgment by experts, and the larger- dﬁ; ystem, the more complex and. .
difficult the translatidn from concept to operation becomes. Because
of side effects and contingencieﬁ, ny of the tasks do not have the .
outcomes intended. One of the greatest challenges for systems : o
. psychologists.is to develop meaningful tasks that carry out system ‘
objectives. -
~ From a ;ituation where man has been the fotal point, he has now v
‘become. a linkage in a system. These systems are also becoming more and -
more expensive not only in dollars but in time lag. For anygparticular
military function--for example, Command and Control--a number of . C
competitive man-machine systems are being developed on a concurrent
basis; and they have to bé evaluated before they become operational.
The evaluation of ‘these competitive systems must be .sound enough to .
enable military managers, together with the scientists, to make correct
decisions. as to the appropriate system or subsystem to be carried to
n cdmpletion or made operative. B -
The research é&ychelogist hasibeéﬁ\asked to assistfih establishing
the appropriate subsets of functions to be performed--the jobs of the
men .within the chosen system. He is asked to indicate the kihd of people
-ieeded, not only in terms of talents and aptitudes, but also, where
appropriate, even in terms of personality characteristics. The researcher
“is-asked to establish interrelationships and hierarchies within the .
S8ystem, to look at equipment and help engineers to design it, in order
to make functions and jobs easier arid more manageable by the average
person. Concurrently, he is asked to develop trajining programs and,
‘devise aids which will, in the time allotted, train each individual to
» perform these functions. He is asked to look-at the activities per-
formed by the individuals after their training to see whether he can .
improve work methods. In the meantime, in theor¥,, the machines will
have been frozen in their desigf. In practice, all the .processes of
devélopment are recycled many times. It is the last contingency that
makes human factors problems more fluid, “hore complicated mgre of
challenge. : Yo

-
»,

Within this setting, the mili;éry manager who directs anrevaluation
Yof the total system or the subsystem is Ilkely to accept wore whole-

heartedly the research product when it is expressed in quantitative

’ “units that can be related td his goals and missions. The totyl impact "
on the operation is the key concern of the military consumer. We believe "
that human factors research scientists must think in terms of the total
mission effectiveness of a system, rather than exclusjvely in terms of .
the effective performance of individuals. It is because of the’ milltary 3
consumer's end product orientation that systems research and systems
development are today enjoying enthusiastic support.

On the surface, the systems output criterion resembles the situa-
tional performance criterion, in that both include aspects of. the actual -




" job. But development

[

B ’ . ‘u

- < -

f the systems output criterion requires pains-

; in the laboratory, before taking the ‘criterion
into the field, in or to establish quantitative relationships

. between actual indepepdent variables and various aspects of human
performance in the system. In the situation performance measure,
subject matter exper s are traditionally employed to help assure
accuracy of simulation fortrealism and adequacy of performance coverage.
In developing ‘the sgbtems output criterion, operating field personnel |
are used to help asgure adequacy of simulation and coverage, and,

taking experimentatio
e

\equally important, te assist in eSQablishing~critical parameters of

‘performance for simulation. Measures of system performance usually -
,involve some clearcyt base against which to evaluate performance;
for example, accurate and rapid detection and identification of aircraft
and tanks. : , -
PV
We think the most exciting and interesting aspect of human .
performance’ oriented systems research. lie in the near future. There
are possibilities -for research in the broader areas of. social, govern-
mental, environmental regions--to include man-machine systems—-in
relation to each other and the system and subsystem output. The basic
framework of human performance systems researcsifeflects a philosophy
of integrated research effort (Uhlaner, 1975)."%sSuch a.framework ig in
keeping with the present day direction of systems psychology (DeGreene,
1971), with greater emphasis on application of psychological principles.

" This framework provides a particular segment of society, in this case

the Army, with usable results for the development of effective human )
performance systems.
-
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. S , FOOTNOTES .
- * ’

Extraneous remarks @ Mr. Camm

i Originally, I had two' charts, 1945.to 1955 and 1955 to 1976, e

and they show this trend. The nature' of the data is pretty o .
. rough. These categories aren't mutually exclusive, so I . = - Lot
' N i simply collapsed them into one table. ‘ -,

2. We are trying to get to our construct validity, and this seems
to be one way that w%scan do it. i , _ :
3. The refierences here range from 1957'to 1977, The external
criteria here in combat situatiops is combat training like AIT.
and ratings by platoon sergeantd-and commanders in places 1ike -
Korea and Vietnam. Leadership and Wegt Point were based .
on the same thing; on West Point graduates, how well they : .
-performed in West Point, how they were rated by their .peers, o
' how well they did after they got out into the field (quite a .
bit later). The Rangér study is our most recent and has to
do with ranger training, peer ratings during ranger training)
‘and how well they performed in Vietnam based on the rating of
their immediate commander, usually. We had one more that had

' to do he peer ratings of se1ection for General—-qpt we
really haven't put that one together yet. We don't know *
. - whether the colonels are rating other colonels on the basis

of knowledge of their performance and how good a colonel they
are, or whether they know the system well enough to be able .
{' to predict who will be promoted to General. .We have a lot of -
problems with peer ratings. They are not very well accepted
‘at this time by people in the Army, and there are a number of
complicated reasons for this.
§£. There have been several Court rulings that have aided thi;vs
popularity. :

5. REALTRAIN is extremely popular with the troops. We're using ’
\ it in Europe with great success _ N / N

6}' TOW is a Targetéd 0ptica1 Wireless Anti ~Tank Weapon ”‘?7 .

. 7. We only have two regiméﬁts rigged up like this As you can ¢
gine, it's a little bulky" and inconvenient, but it seems: e
td work quite Well .b " A\

8. An individual soldier can accomplish the rgquired objective,
, v but he may not accomplish it in the right way, so you have to
.. have somebody out there to watch him.

- <
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9; 'prganizational Effectiveness in the i y has been 80 succegs-

' ful up to this point .that we are develgping Organizational'.
Effectiveness Research teams in the A and sending them to
various areas. ' . .

10: We're trying to avoid a'Hawthorne effect.

b « '11. There's an evaluator in:the, helicopter itself, and then there's

' another helicopter that flies abowt 1,000 feet above with . o
another evaluator. So it's evalyated by at least two people

in flight. o . N

-

. fl 12. Aslot of missions ‘that the UH-1 pilots perform are at twilight
or dawh. ‘One of the problems has to do with the point. in - -
. darkne ) that a pilot can successfully perform NOE missions. T
It wa ,thought that experienced helicopter pilots would have
jculty with NOE flying. This turned oyt not to be the
: . ~Pilots trained in NOE could perform, pilots not so-' ,
* trained had difficulty.. - . . _ ' .,

13. Q: Is there any device fbr carrying REALTRAIN kinds of data )
.back as far as the selection 1eve1 or is it only a train-
ind’ eva1uation procedure and it stops there?

A: At the moment, it is a training evaluation procedure, but -
’ they are working on carrying it back’ to at least a
- selection level. But at the moment it's strictly a train—
.o . ing evaluation procedure.
Qs How is your skill qualification test coming, and'%hat'do
you estimate to be the cost per year:of operationalizing
e it and managing it? ' ] : o
A: The skill qualification testing is coming along great.
b v - We'll have the SQ's in place in about a year and a half
or two years. I have not eveh the. fogglest idea of what .
- the cost is. Y

-

o
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| NAVY EFFORTS IN CRITERION DEVELOPMENT FOR o .
. gon PERFORM'ANCE EVALUATION : . ‘ 6 /
L . : i

A S Fiederick q Muckler ; ° \ f
Navy Personnel .Research and Development Center . ;

A
) " Introduction - - . '/
One nice thing about discussing the area of criterign develop
for job performance evaluation in the Navy is the multitude of avamgable
examples. Indeed, all of our systems applications and our R&D pro rams
are, without exception, infested by the criterion problem. Thus,
charge——which is an_ "Overview of US Navy Efforte in the Criterion “
Area' ——is in one sense a simple one. I cam state categorically that - _
where we have a human behavior measurement program we have a criterion N
. problem. . . » N : ’

l

N

*Further, in genergl we -adopt one of three approaches to thé
ctiterion problem. First, we often ignore it ahq¢ hope that someﬁow the
s solution will appear as asnatural regult of doingythe work. Second, we

‘ often agonize over it. The question most often heard here is: 'What
.does all-this mean”" Third we may attempt to solve the problem
scientifically; this is the "sound -methodology" app ch whith assumes

' that good methods will extract ac le criteria.” None of these
approaches, of cdurse, terft to WOrkivegy weli,2 even where in many

. cases we w%ll alternate betweenﬁjlr thre o :

1

. _ The basic problem, it seems to me, is that we persist in demanding
meaning from our measuremen ng. We want to be able to know what our job
perforhance measures add up” to; -we want to evaluate them. If we only
did not have-to do that--if we could only ‘be satisfied with the data ' °
points alone--the criterion problem would disappear. Indeed, *Some of - ,
us adopt just that technique. We collect the data, publish the report,
and leaye the meaning to somebody else. Unfortunately, we have all
found that when others interpret our data the consistent result is
misinterpretation and misuse. /

o Erom a host of possgble topics of concern to ﬁevy research, I would _
v .1ike to concentrate today on three argas irst, we are, concerned with v
‘methods of generating criterion sets;4l ;ﬁﬁgl be. coﬁeerned with four
tools. and the problem ¢f "criteria of cr teria." \Second I.have selec;ed
six pecific teghnica] problem topics with the criterion «development '
area. And third, I would like ‘to mention seven applications examples . ;

where the criterion problem remqéns unresolved é - . N
: 4 s ¢ -
¥ ) . - i
» i
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So far as I can see, while ‘the areas reviewed and the examples
cited are Navy-specific, all of them represent problems in criterion oL
development for any context of human performance evaluation. I do not
see} that the Navy has any unique problems ig this area. Rather, they
.are -problems shared by all and, sadly, they are problems which have had
a persistent history in industrial and organizational psychology
(Gilmer, 1971; Landy & Trumbo, l976 Smith, 1976; Thorndike, 1949).

[ 4

~ Generating Criterion Sets j}? ¥ .
3With respect to the first area--that of generatinyg criterioh i ' f
* sets—-I will assume that we have available some quantity of raw job ~
performance data. a lot or-a little, subjective or objective, complete ..
or 1ncomplete. Given those data, the question now is: '"How do we

evaluate it?" Or "Whét does’ it mean?" - - : ,
: ¥ P : : .

,

* Technically, it seems very important—-to me at least--to repeat
again and again one fundamental point: the measures of .4 job performance
and the criteria on those measures are not the same,thingm Criterion .
"measures" are in fact above and beyond performance "measures." . .
Performance ''measures' are neither good nor bad; criterion measures \
make them sp." ) N , '

. . I

5,émith (1976) has xecently commented:;.'The first requirement of a
criterion is that it be relevant--to some important goal of the individual,
the organization, or society. "6 If one accepts this requirement, it .
seems apparent that criterion sets are transforms ‘on the job performance ., -
measure sets. These transforms must relate to domains far beyond
specific. job performance per se. . ' ‘ ' .

So, our proélem here is the methods by which We generate criterion
sets which in fact will provide judgement, if you will, to some other

ontext. I would like to distinguish fourxygeneral ‘methods, all of
wdgch can be seen in current Navy research and development.

<

« 4 (1) "Traditiondl" sets. I doubt if there is ‘any cogptext in which we
work with job performance measurement where there is not already a . .
"tradition" of past criterion set One of the major: emphases of many
current Navy R&D studies is "prod ctivity" (Muckler, 1976). - We are
concérned with the-lack of it in Navy task performance, and we are much - \
.concerned with methods of enhancing it. The criterfon may be simply
stated as: More is better. Whatever the 1ndividual does¢/ he or_she

should do pore of it in the same unit of time.’” P

. But in most cases, "more is not better." "} am reminded of a

productivity enhancement prqgram in a cigar manufacturing plant where

individual cigar \output per day was increased from 3,000 to 6,000 per

day by using all of our bag of tricks in self-pacing, participative v
-management work incentives, and se forth. Unfortunately, the sales -
mahager retu;ned to the plant and ipformed mgnagement that the plant 4

Iv) M ’l”
J . ‘/ . L . !
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aggregate based,on 3,000 per day per worker was all the market coulld -
bear. The end result of 6,000 per day. was a lot of éigars stored 1h i i
the warehouse, s0° more 1s not necessarily better. . ." . o ,"’

i

A second exauple LUHLELMB Lhe produttivity of our training systems.*

. Navy programs are no exception here to the demands now being,placed on all

ttaining systems everywhere: We are told that we must have more and better E

training for the dollar. With respect to more training, certain traditionai

measures suggest themselves immediately: (1) number of students produced '

(2) staff/student ratio, or (3) attgition rate. We must maximize the .

first and minimize the second and third. Unfortunately, none of these

seemingly ‘useful traditienal measures has clear criterial interpretation.

How many- studentg we produce for example, must*be tempered by how many .

students we place in JObS. Further, Eb state that a training activity

has attrition rates of 0%, or 50%, is meaningless without reference to
other criteria. "I assume that should, we achieve 0% attrition we would

then be accused of smaking training too "easy. - .

. . :

The difficulty with traditional measures is that while they may be
incomplete, ambiguous, or even incorrect to us, they are o6ften most
"relevant' to others. In job performance, for example, it is natural

; that managers should ask for more productivity; they are most often Judged
on the basis of that single, "ultimate" criterion. We must, I think, a%t
least be sympathetic where "simple' criterion measureg are commonly used.

~ (2) "Theoretical sets',” How ‘delightful it would be if we had
formal quantitative models where the criterial transforms would be clearly
arf™mathematically spegified. We would know what they are and how they
are computed. Considering th® sheer amount of past work in job per-’
formante qvaluation covering surely thousands of research'publications,
it may seem strange\that we do not have more formal theory. In some few
Qselected cases suth theory is available, but even here the issue is not/

simple.

' It was my pleasure for some years to work in an ar:;\where the °
gelationship between individual job perfqrmance and system performance
could be mathematitally stated with great precision. This was the area

of ‘optimal control theory. Given the statement of-the system state

spaces and the allowable system processes, it is possible to-define
mathematically optimal paths. But even here the Judgmeﬂtal process was . -
dssential. It turns out that there is no one optimal path for any
system. It depends on what you want. d what you want depends on

“ judgments that have nothing to do with the measires or thé> mathematics.10

.

To my knowledge, we have uo R&D programs working on developing
quantitative theoretical, models ‘that will relate our job performance ;
measures to our- criterial sets. The closest thing to-it has been connected
with the computational problem .t dealing with very large numbers of
predictor and criterion variables The past decade has brought us both
the mathematics and the computer Cdpabillty to deal simultaneously with

A T . . '
© 4l J ﬂ' ) - ) ¢
N
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. ;'p;, very large N-dimengional measure sets. At the present time, we have /a ,
‘s ., program based on complex polynomtal regression ‘equations using mini—computer .
TR technology specifically designed to deal with job -performance measures. . oo

- \j Aluf’while thesezzfchniques will allow us to handle large qéantities _
v and‘kinds of job performance measures, they arq not "theory" in the . N
" Bense ..l ‘using it here. 'They will 4llow us to process coherently
large. ‘ ts of job perforpance data~ but they will not tell us what
is good .

‘. (3) Empirical methods. To me, ome of thelﬁost interesting develop-‘
ments over the past decade has been the development of empirical methads

' of dexiving both criterion measures and the weights'that should be * =~ .4 ..
. ' assigned to those measures. It “seems patticularly appropriate here.that ‘*ﬂ"
. mention be made of the work of Ray Christal and the JAN procedure (1968)
] ‘and synth‘pic criterion methods (Mullins,-1970). With this.technique, Y
" and others like it, the logit: seems clear: If criterion sets requtire ° ,'?1%

'expert judgment, ‘then let ué‘systematically and empirically investigate
the experts. '_\ . i ,

y »

. It would appear that the most popular technique a/ present: with
Navy programs is Delphi, the procedure normally .asgpdiated with Dalkey.
and. Helmer‘(1963),'and the Rand CorporaLion For some reason, ﬁelphi
has- become extremely popular in Navy programs Recently, I have seen
DeIphi used ih such situations as decision’ making, unit performance '
" .  .measurement, fraining, tactical field exercised, and the. like (Sandeér,’
.1973; Larsqn & Sander, 1975). . There is certainly something very. gatis—-

fyiné in a systematic way. of‘collecting expert.obinion: .and using this

to deliver: criterion sets. The*results always 'seem to me to be very‘r"ﬂr f-j
interesting. < IR v . gl ol S _ .
! ) ""'n.‘-.r»,, ',& L' U LU e e

o . But at the risk of seeming simple—minded or, worse, zgsy—empdrical,
something “always bothers me about, these studies. I find mySelf -

v * constantly asking the-question g this’really true?" Or, perhap5

. _ 'better, "What is the~peoﬁhbility that ‘even a large group of experts car
.+ gome to.the wrong conclusi ns no matter how cﬂrefully their Judgments
question: Do subject matter experts

@s?" ‘In short, just how much confidence

‘ completeness of criterion sets generated"

" are collected?" or, anot_
really ‘khow ~hat the proble
.. . can I place in the valid ty
" hE by e erts? SN .‘f" > .
' A. se. in poinf* I Suspect "that 1f I were to use Delphi on ., a0
'industrial agers, the- result would be that the most important single
: criterion is to maximize profits. Yet studies by~ Stagner ‘and many ‘

‘.others have shown very clearly that” in fact they do not behave ‘that way.

P 1

- i B The? émpl do not behave as lpanagers to maximize profits. What they , -
) .T say an t the§ do.are ‘not necessarily the same thing. Delphi may -
.give me wbat they say, but - 13 it whaq they do?12 : » .
: . . ) . A . R " ! . . *
‘ - s ) . ‘ .‘ . . Iy 'Q .
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q ) Criteria for criteria. Last, I would like to turn to criteria
criteria.- Those of us trained in traditional psychology, I hope,
; ‘surely cnnot ever forget validity and reliability as criteria for our
;5 . criteria.!? But the literature of the ‘past few years seems to me to
: , “raise the question of ' completeness. Validity and reliability are

surely necessary, bg; they seem_ to be not sufficient.,
| it NV
Let“me quote -again from Sm* h "The first requirement of a
criterion is that it he relevart~-to some important goal of the
individual, the ‘organization, orxsociety.“ Somehow I feel that our
" traditional méthods of demonstrating validity and reliability will be
insufficient to[satisfy that requirement. -

-— ? ! A
_ Fortunatel§L gée American Management Association Manhgement.
Handbook (Moore, 1970) provides a set of criteria about criteria from
the management point of view. There are eight of these, and I would
like to apply them to the problem df job performance evgluation.

' ‘ » . - ‘ - )
., . 7 (@A) Suitability. Are the measures relevant, and do they
support the purpose.and mission of the organization? - T, Ve

(2) Feasibility. Are the measures theoretically attainable
.within the organization? e ' e '

M .
. '?

. (3) Acceptabili;y, Will the management accept the measures
-and provide the resources to collect the measures?

ﬁ/" ; - v

(4) a;u . Are these measures the best .buy for the m0ney? b

. N (5) Achievabjgi ty. l(/(Zan, In,fact, the'measures e collected? :
I ' R
N - »

- S (§) Measurability, Can the measures be quantified in -
: '’ terms of quality, qUantity, ﬂime, and cost? ; L -

4 .

Y
-

R OO & Adaptability and Flexibility. Can-we change'the:measures
o to<;§flect changing!orghnizational environments and mahagement nefds?

14

o e (8) Commigmen {}Does everybody in the organization want to .
' do. 1:?15 ) /
Voe W ' : ) ' V.
formance measurement. Frankly, considering jww difficult/it has been
for us just to get farginal validity, and reéliability for
oAt these additiona}xeight requirements seem rather overwhelming._

q

Some Current Technical Problems

14
: " Let me now turn to the second topic area. I have selected some . six
LI issues that bother us, The 118t is by no fieans éxhaustive, but there.
S . .y
3. .

“ap . o . . - K .

This, then; is gne managément vieéw about the evaluation qz/our job'péﬂl

ur measures,

Ba
*

N

v

*
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" are problems,“as I look acroas’ Navy programs, that’ I really see looming,
very large. T , '

1) Data acguisition ' First, the problem of collecting data. It R
o seems to me tfat with respect to job performance evalugtion, we are ' ‘
routinely collecting more and more datd points. For several reasons, ,
it seems a great deal»easier %o collect more and more data. Indeed,. it
seems to be expected. 16 V! ‘

In a current study we are collecting data on over 50 measurement
dimensions -for the #ob performance evaluation of sonar technicians.: - ¢+ -
~\Jncluded are cognitive, vigilance, noncognitive, biographical, perceptual p
bioghemical, standard test, and peer. rating measures The principle'“f“—_"_“__‘

" seems to-be: If it moves, measure it 17 : . - . \
o .« . 4
' A ) Data#processing We feel free t0ameasure more -and more things

because we now have available :(theoretically) enormous data. processing
) . capability. To be sure, thanks.to the computer, we can now do data pro- .
o cessing t sks that simply could not have been done" manually a decade ago..“
- - This is certainly true for our studies in job performance evaluation
. We' can use standardized, scenarios td measure job performance through
computer training modes. And, as another study has shown, some minority
- group members pem be,tter than they do in-the traditional eva~luation . '
,situation o . : . ;

. ’
: (3) Cost effective ‘criteria. But ‘all of this is not at, small - _ >
cost 4 't seems reasonable (indeed, essential) ‘that we ask i{ all these L
“addit al data points and these computers are cost-effective I do,

not know. I .do know the data acquisition and processing technigues we
have been exploring are far more expensive than '"traditional” %ob -
pp(formance evaluation methods oo _ , -
. * In some cases, we are introducing job4performance evaluation where o
there has Beén none before. The cost comparison is particularly\~
* ‘unfortunate: zero :versys N-thaksands of dollars. The expression of
effectiveness for “these costs is not certain In onemspecific case,
we were able to disclose certain critical skill deficYtencies and -
//insticute ‘remedial ttaining to eliminate ‘those deficiencies .Was it
worth it? That is difficult to _say. - >, .
e .
(4) On—thegjob validation. On-the-job validation of job .'
performance evaluation has always been”difficult. On the one hand, we
ap@ear to be getting much better ‘access to the operational environment. |
‘We are doing better. aboard ship, and where that is not possible, we are/f
,bringing very sophisticated measurement vans dockside to the ships.

19

TR On the other*hand " there remains a ;arge core of job performan
. measuressthat we cannot validate without WOrld War III. One in reasing

w, o "
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. . trend here is the use of full scale simulation of the missioh as the
! -validation device. While I see no alternative at the present time, 'one

is left with the doubt that performancein the simulatpf‘may or may not .
-predict performance in combat\ ' o :

measures more than I do. Yet I do not see how we cdn ever expect to get
simple criteria for a process as complex as human job performance.
Looking only at task itself and the performahce assoclated with it,
I have yet to seé a "simple" task or "simple" performance. ' I sincerely
hope I am wrong.. - . ‘ f

.. . i ’ t . " S
it : (5) Simple versus multiple criteria. Next, nz;one likes simple

» -*

"1 cannot pass this subject by without comiefiting on the Holy Grail
of job performance evaluation: Tke Ultimate Criterion. In the. litera-
.ture, and certainly in practice, tinue to ‘hope for that sihgle,
final, criterion that will expre verything--whatever that may be ,
(Thorndike, 1949). But it seems to me that researchers at least have’
abandoned that search. Every current study of which I am aware assumes
thq need for multiple criteria.?2°® R . . -,

. . — | ) ,

(6) Meagur@ment versus evaluation. I,am stitl congérned,'however,
with what appears to be a continuing confusion between Jjob performance-_
measurehent and the evaluation”of that messurement. We appegr to be in 4 (

. a ‘minor phase of, as just roted, radica®expansions in the quantities of -
/——1 - . data we ®ollect. I would predict that. this phase will begin)'to change -
and that we will, 'in the future, b%sfgilecting'less.daté.“ We are, I . ‘

hope, going to become more discrimikating in getting that data relevant
[

to interpretation and .use.-
o, - . .
4

. ot L ,
. ' Some Criteriop Application Areas _?,’—{

7

) Let me now turn to my last area which is some of the specific
applicatiéqfareas in which Navy research and development is under way. -
In éach of these cases, it appears to me increasingly that the question

- 1s being asked: "What do you want to know?" before we decide what job /;/

performarjce measure sets we should collect. Depending upon the use of
what will be made of the data, it seemJ clear to me that differential
job performandzhmanure sets may be selected. Or, to put it another
‘way, in each of these cases job performance evaluation is essential;
the measure sets may differ depending upon the application. -
Incidentally, I have yet to be able to convince many of my cdlleaguqs
- “"that this might be true. So let me offer it to you as a possible

hypothesig. 'y '

- *(1) Individual job performance evaluation. ' I have made several
mentions about individual .job performance evaluation. .%et me summarize
as follows: We are taking much more complete measure sets, we are doing

- much better in job performance evaluation in 3me atidhal environments,
but we have yet to demonstrate convincingly (at”least to me) that we
are cost-effsctive. ' . ' ' .

3
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(2) Unit (team) per formance eva{ﬁ:::::.ZI Increasingly, our ' o

efforts are turning (or perhaps returning) to the.importance of unit

(tedm) performance measuremant. A very positive sign to me #5 the

rendged attempt to measure both process ‘and outcome of team performance.
measurement. For some time it seemed to me that we avolded outcome
measurement because it was 80 difficult. For example, studies of °, * \ _
cqmmunigat;on systemg stressed all sorts of‘;nternal'progeés measures : v
such as frequencgyof interaction’ and ,so forth, but I never knew what '

3:3pqug}:o thq,méssﬁies. In this' case, the Delphi technique appears

L ‘fo be useful in deriving unit perforpance effectiveness measures - = - =
A arson & §ander, 1975)., | C . o o - .
~~-__“:““f;;§2§£~Perseﬁnel subsystem readiness- Many.qf_Ourmuseraware:not"“mgwmf__L t

satigfled with evaluations of individual’' job performance. We_ have ‘been -

, get ing increasing demands for some expression of the state of the ‘., v

-entite personnel subsystem (Borman & Dunnette, 1974)s We are gsked, for L

.example, 'What is the personnel readiness of this ship?"  In-short,, what
is the aggregate of all the people on the ship? I would hot- pretend ‘'
~ . - .that we have an answer to that question, but we are trying to-r see what
E“ we can do with the question. (I, myself, am not yet convinced intellec-
tually that it is a meanZngfu} questioh, but emotionally and intuitively, S
. I find it very attractive. : ' . Y ' o
- \ R

St fﬁ'(dfff E;onneIGBVsﬁém operati al readiness. To move. Ehone léyel:
. , we are increasingiy being asked to contribute to some :

of complgkity
. representation of total system opérational readiness. In terms-of |
- .- operationgl readiness, for example, what does it mean when _.he_ .ship 1
“* 0 95% manneéd? Of, what does it mean if t pérsonnel in Z given rate are
only 75%.job proficient? I would hot,pgzténd that we know how to answer
these qudetiong brecisely, bit we are bedgg asked onte dgain. - AR the
present time, the-method primarily in use through total system - ¢
gdmulation models performance. I hasten t¢ add this is modgling simu-..
.ation and not' physical. simulation, . : ) . -

. 4

‘ i . | . , : .
"%S)SQEelectibn, training, and opganizationdl development. In the
areas "of selection, training, and ghnizational\déxglgpment; I find a e
number of what are to me encouraging trgpds. _For one,> the performance
" measurement seems to me to be getting far more precisé and hencé of much
greater, diagnostic value (Campbell et al., 1974). This is praticularly
true in traiqihg. “Job-referenced performanceé measurement seems to me
to be looking much closer at the microstructure eof job deficiencies.
' This is not for the sake of measurpgment, but rather so that remedial
training can be closely tailored Lo the individual's training needs.” - .
In organizational developmént, it Seems to me that performance peasure-
& ment is, becoming faf less global and vague and far mo;evsensif e to

the actual events‘that.ocfi;;;yomplex though thqy may be..

* (6) Productivity and dccountability. I have adé prébious mention
+ 'of the problem of productivity. In this case we érenbeing'asked-ta\\
supply job performance measuirement that will serve as the‘basis for,

~

.- — ) ".. ' .. 59 . | “ ‘p ‘.
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productivity enhancement and individual team and organizational “.
accountability& I, for one, am glad that ¥e are ,being. asked. We .

remember, I hope, how job performance measures have been misused in the
past for these purposes. If wk only stop people . from/repeat ng»past
* mistakes, ‘bur seryices will be of value. e

« .

<~ (- ‘Evaluation of R&D;ﬁersohnel' To end on a threatening note, R

we currently have underway studies on job’ performance evaluation of- s

R&D persqnnel. In a program called SHORTSTAMPS (or Shore Requirements,
, Standards, and ManpoweYt Planning System), the Navy #s attempting to‘.. . -,

perform job performance evaluations on, all Navy shore personnel ‘with

the objective of better staffing seandgrds and use of manpower. Since t‘;

‘R&D personnel are a part-of the Navy's shure manpower requirements, it ~ = *

seemed reasonable to management that R&D persopnel should be ifcluded.
I-assure‘you that we argued vigorously against this assumption,,but tp

no avail.:  Sinmce we lost, we have decideﬂ to, help them.. e ® 'T

A

I am reminded of a statement once made to me by a manager: ''Somebody
is going'to have. to guess, and y?ur guess isg better than ours." I thin

he was right.
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Eitraheous remarks by Dr. Mucklex " .: ' SRS ‘“:

. On the negati-e side, in looking back over the’ past 4 or 5' y ars L
-of Navy researkh, I find, .to my dismay, that at- 1east for the last. C_"“

o .-~ FOOTNOTES S s .
- L3 : ) C

2 years thereyhas been.no program, principally or primarily,

) concerned witﬁ;the 4 er}on problem, per se. As a matter of fact, -

'~ awareness whatsoever that that’ problemJexists. If I look across

" researchers do not re

was ‘a supen, jgby poR e is not that_we have dot proposed . .. <
such prograngs, ~Bht: 'that “wé™ have not been able to sell ) o

them, and I oy Fulgham s distinction this morning
was a very gad EgK rograms we have proposed havebeen

. considered to’ s, y.would be useful but not usable." o

And so. it's beemrih\iEas éblem for us to convince ou? own people.
that it wouly- : do work in criterion’.development,
despite * thafeeug Rre is not a profram we have which
is no DOSRY -Wkih -a criterion problem: I'm also

I télk to the peop My our’ research--all of them, . of course

v-ychologists--at how many of our  —\ - .
gniize the criterion problem exists, And T _!’ ot
think if you think back,.@f you were very careful to avoid a ’ : :

‘course in industrial psychology or courses in psychometrics that

you could pass through the -PhD program without ever having come

in contact with the criterion prob1 And so for those of us who
live and die by this problem and who are fascinated by and con-" 3
cerned by it, it is a little alarming, I think, to see a researcher
in fact embedded in an enormous criteridn-problem without' any

our programs and see what out people_d with the criterion problem
I find one of three approaches being used and sometimes a11 three.
- : -

&
They tend to work even 1ess if you try them after the program has
started.

It is my unfortunate tendency in discussing research, particularly
with our research workers, to ask many questions about’ their
research. One question that I continue to ask along the line is,
"Why are you measuring that?** And I've 'discovered 'that I'd better
ask that question very carefully because’ frequently I get a
response which implies, "What the h--- are you talking aBout?"

-0r, I frequently get a hostile response,."What's wrong with. that?"

And, of .course, the answer usually is, "Lots." But I generally : v
stop. asking at that point. , . o -~

Ei

"I think this is more than just.a semantic point., It seems to me .

T
that an awful, 1ot of the confusion in exist%gg 1iterature and even '\;;;'

©
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//1 wish we would realize that, in’ fﬂct, when we're talking about
[
o

vis Looking at it this way; much different about this sort of

'\being -acaeptable within iy system,?.(right off the bat that makes ‘ ,h,_ff{;

PR ] th!}"z‘

'among ourselves would be not perhaps resolved but would be c1arified

.1f we were very careful to distinguish two 1eve1s of description.

'Unfdrtunately, we've sort of settled into this multiple regression* f:_‘“52

" _approach and we call, these predictoq_yariables. That's all right-- "

of course most of them aren't--but that's all night if we call.

them that. . But we have gotten into the habit of calling these
criterion variables, and maybe someone gave some of those definitions
this morning--that's okay, there's nothing &rbng with ghat--but it -

' seems to that it would clear the air a little' bit in a _lot

* of cases if we would separate that into two, levels of. desc ion.
And what are the output measures, or what is it, what's happening?
~I+wish we. would go _back to the normal use. of“the_gord Yeriterion.'

iterion measurement, as we will, we are talking about the standards . §
lues on the output measures; that in fact, ‘dur criterion .

/ﬁEa::re is our transformance on the output measure; and furthermore
that ' an output measure, a behavioral measdre, does not contain
necessarily within itself any- mEhping of good or bad. It peems ‘to
pe_gery frequently we ' take a measure and we ‘assume without being *
explicit about it what's acceptable and what is not. It seeMB .to
me if we were very clearly distinguishing between these two 1ébels
of description,-a 1ot of the confusion would clear up. If I might
take. for an example "errors." It was my misfortune--no, 1
shouldn't say that--I happened to be- present by accident. with the -
start ‘'of the zero defects program.> It was really, truly accidental
And what started out as a very nice idea--the goal of zero defects-=
somehow got transformed into the requirement for zero errors.
And because we are vague and not too qxplicit about this, people

- began to say, '"Gee, we've got to have zero errors.' 1 don't know

of any human’ activity where you're ever going to have zero errors, .
and, what wag a reasonable goal is an unreasonable requirement. " -

"But it seems to me that frequently when we take. error,measures we

automatically assume that z is good and I would argue to you _
that that is not necessgrily . And when we looKed at the errors GIL*"“\l
that existed, then the first question was, 'How do.you reduce the * _ | o
errors?" And, obviously there are many ways of’doing this, but
associated with that is some’ cost. function. . And "in many cases,
we've found that there wag po’ question that one could reduce the
errors, but as we began a minimization function on the errors,
that the cost of so doing increased very erratically. .So we began
to- get ‘that sort of thing. I would argue to you that the error

is -the qutput measure, the criterion measure is really this cost-
fund&ion. And then the question becomes much different when one

desire of having zero errors. In fact, what one then, does 1is
make a judgment and say, "I'11 accept -that-level .of errors- as -

4"

you havé ,to define dt--define what level of error is tolerable)
for that I am willing to pay that much.”* I don't want to ‘belabor
this—I will, of course--but I really think it weuld help an awfulA
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L4 lot if we did make this distinction I really think it would ‘help A 2
-V " a great deal. And particularly now where our measure sets are AT

being imposed upon by many other. than our traditional criteria .7
. (some of which I will get to). . . o

-+ '5. . Patricia Smith in. her article (wﬁich Major Sellman mentioned)--
: ‘May I call this a mini-stop now for a promotional plug om the - ~ .
¥ - Dunnette handbook which I think is_one of the finest things that's N

.ever appeared for our field. 'I wish it had been a little lighter T
and of course, a'little cheaper, but that's the way it* goes, ‘ .

e dsn't- it? That's- the' cost-functienal on, it. I O
. 6. Relevance ‘to the individual, to the organization, and to the
society. - I don't see where any of that is.contained in, say, an
error measurement Indeed it is a separate transform on those -
‘error measurements. So our problem here which some of us, at
least ih the Navy, are much concerned about, isgpow do we develdp
" all these measure sets. How'do we de lop the output measures, =
‘ but more than that, how do we develop he criterion transforms on
those measures. And the answer to that isj "Very badly." There
are four ways that I seea that we do this sort of thing. . -The first
- tryilng to be ,as kind as I possibly can, is the traditional way.

< 7. This reflects the Navy's a1most frantic interest in productivity.
Everybody is-.concerned about the productivity problem, but I
't nk we have gone beyond concern into hydteria--with good cause,
I'might comment. We have some rather large- onganizatiods in ‘the . .
Navy that are setting new records for non-prbduct1yity ‘a
‘matter of fact, we wouldn't mind that very much if they- stopped
making“trouble too. :Sert of the optimal combination. I have a
great deal of trouble explaining to people that they might consid-
ér the possibility that ‘more is not better. It does not neceésarily
B imply that because we have more output that this is better. It SR
seems again that there's a confusion between the-output desgription i
and the criterion meaSurement judgment . .
b . v S R
8. We've been having a very interesting problem in some of the - o
individualized self-paced training programs that we have done.
They have been extraordinarily effective. They have, in fact,
produced very high quality students in the sense of the\very
excellent measdres of t?eir proficiency, but they have wreaked o
havoc with our 1ogistic system. ' One student comes out in '3 weeks,
C ‘and the next student comes, qut in mare por fewer) weeks. The
. - manpowert allocation system has just been thoro; ghly and totally .
o ‘confused. Another.thing that Lee mentione his morning - the o’
- goal there is 100% proffbiency, and by’ God. we get them there and '
s+~ then we no 1onger have - any variance on them, In one particular ¢
case in which I'd better leave out names since it involves .
.Admiral Rickover, there is a concern dbout the fact that we give.

«
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; ;q of'studgn%s where they're trained to 100% pqpficiency o
T "Well, how ‘can we discriminate between them?" d
a ou den't have to." And then, "No, I'don't believe that."
So herg'wé've got ,a measure where we get everybody 100% proficlent . - '
and; in fact, it's not acceptable to the operational people. We .
are under a great deal of pressure to.reduce attritiomr rates.
. There ,again, the question-is, 'What's an acceptable attrition rate
- for anything?" If you don't really.éa;efully distinguish between * -
these two. things you sorthf automaticallw agsume zerq attrition
1s what *you want® I-would argue not go. °'Zero attiition, 25%

. .attrition, 50% attrition, those numbers -in themselves have no

” evaluation--they're neither good nor bad. It really depends

on what your -system wants to achieve. ‘ AL

9. It would be awfully nice, I think, if we had the kind of formal’
quantitative mathematical theory which would, in fact, define and
set both our measures and the transforms on them. In most.cases
we do not have this. And in those cases where I have worked where
we do have this, even that hasn't solved the problem. ' -

10.. =So you started off this whole modeling business by saying, "What
’ - 1is it in your subjective judgment that you want to havel?" Once
_having made that clear, then we can crank the whole model out _ |
- . and we can tell you how to go the best path baseg on that objeective.
I don't think that .in my life time I'm going to see that kind of.
# .theoretical development in our area and, in lieu of that, I suppose .
we ought to just muddle through--and I'm sure we will. I think

o it might be worthyidle to comment here just a little bit, if I ‘& :
might. Mt a point in my career I had to work a great dea;_with i
mathemaficians working in modern optical theory.and the mathema- =~ | °

_ tics are just super. You can spend a whole week looking at an
equation. It's ghe best of all possible partial differential
" equation work and if you get your jollies that way, that's where
d you gét them. I discovered to my surprise that many of those models *
don't predict anything. No, I take that back. They predict a’lot
of things which aren't true. In my experience in several areas of ~ = -
physical theory--you know that hard’ stuff we always talk about-- ' '
a lot of their models are not correct., They simply are not valid;
and it doesn't seem to bother them. In acoustical theory, I (. \
‘commonly saw the pattprn where everybody -set up the equatiéns, o o
_there was a big computer' study, predictions weke made, and then ,
they set up.a simulation that fixed it the way y wanted it S B
to be anyway. It's interesting that psycholegists, it seems to ' -
me, have been extraordinarily concerned abdfit what|we're doing, . E
‘and_the quality of what we're doing, and the meaning of ‘what we're '
) doing; and I think that's very, very good. . On the)other‘hand, it
Loa seems to mesthag -yery frequently we get. upset because our ‘problems
- are s -éb;;ii@?féd,that it seems to us it's all unsolvable. o o
' Askiazréahl'm concerned, haying worked in many other theoretical - '

<
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S area' I think psychology s in pretty good shape I wisifwe ] ,']a

. ¥  wouldn't cry so much about it, however. , R :

11, In the Delphi hpplication ‘to tactical. field exercises, the set of

R measurable criterion dimensions was, I thought ,really quite ) ) S
' S Bophistic ed..\" : - Vo sy T

12. I shouldn't: te11 this story because it's not a very: nice one. You
W recall that these techniques have .one basic ‘technique that was used.
: .-;*';j;;y.And that technique was that Wwe want to collect these data from the
CT experts independently and anonymously cause we know. what happens -

ST T when you put them all together in one room. A very recent study 5___'-1//\ﬁ‘
" . .was.done which I did not knew about until after it was done in = . P
3" the Navy. They didn't" have time to do t that and they had'them all * L 24
) _ together so they sat down and they did it in one room, and there _
. .. . was, in faect, a. hierarchical\ranknsystem operating. I'm also
/7 reminded of a study I did some years ago in flight test of an . .
"~ instrument. We had 12, flight test pilots——from a service T will - . 1
.- leave unnamed——evaluate that instrument. They sat down as a o
< , committee to evaluate the instrument and they said, "How many
- . are-in favor of this.irstrument?" - The first vote was 11 to 1.
_ The one vote was, unfortunately, the commanding officer, and.he °
) said, "We will now have a secohd: vote." | The second vote was 0
‘to 12." I'm astonished; I thought everybody knew about that sort
- of problem , C . B
oo . 5 R ) |
13. 'Obviousiy, we're very: much concerne th this problem for. any o
g measures that, we take. Beyond thatajje' talk ‘about other things =~ -
like contamination.and deficiency. .I prefer to think of deficiency
in terms of the completeness of the measure Sets. How complete is
your measure set to describe the phenenoma that you're dealing L
with=-but that's another problem. I'd like to talk a little more '
' - about this because based on Smith's definition where the criteria ' W
. ‘ . . must-be relevant to the individual, or the organization, or. the .
) . .,QOciety, we might ask some questions about what kind of criteria
' . cguld you get that would define that relevance. How can we say
. ;g example, "How would the organization view our criterion . AT
o .geasurement?“ "What sort of criteria woyld they put on our . :
SRk fcriterion°' Needless to say, that literature is not a very large 0
. .¥. . ofie, and it's sort of like - this is a good, thing to do, but,
S nobody.s been explicit about what these criteria might be.

14.. Amewyou going to give me measures that'I can do something with?
”ﬁTAnd ‘it was interesting in this particular management handbook that
4concern was with botlh measures of now and also measures of the .

’—time history. I thought thut was extremely interesting and
"?~extreme1y sophisticated. If we recall some of our own*literature -

>~ here (Dr. Camm has contributed about the dynamic nature of
4t1t§%ia) i; seems to me they-did not’ acknowledge you but it
o PR o .',:.»‘ . 4 ' .
. TTTETesy e . ' ; T : L
'kg., . - ' ¢ '
K - 5 .53 .
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" seemed to me like it was awfully nice. therejwas cqgeern about. -/

an understanding of the fact that criteria are -not eternally

,stable ' i . . ) ) . [‘ . ) v .

@

'Of courde the answer Is o, no matter what organization you havé
" We're engaged in our: annual orgy of performance, appratsal. at
.NPRDC, and I suspect if you were to ask ‘about ‘the’ commitment
aproblem,= that.we would cease instantaneously to do so: This 1is

. not true everywhere. Nobody in particular likes this sort of .

thing but they do it anyway. TYhese then are how management of
tHe organization might respond, by, their criteria to our criteria,

16.

‘.really expect us to col%ecﬁ large data sets.

o 17.

a possible get of criteria on. criteria. S et e
Our users are, frankly, much more sophisticatdé/;bout "this. I ﬁ-r m\\'

think with pany of our users, if we came in and collected one
number, one output measure, they would: be disappointedg They

This is good news and bad news. It! s‘good news because we' re\
¢ollecting a lot of data,.and we're collecting. it of a magnitude
so that we can really do something with it. But oﬁ course v
bad news bechuse what it really-reflects is we don't know what
we're doing. And'we're going to make overkill and make sure

‘that we don't miss anything And s0 we will have a lot of pseudo

predictor variables o , .

a
*

In going aboard ship, which is a game we play, we are finding

‘aboard those ships computers.  Now they're there for other reasons.

And we are finding that they' re not deing uséd all the time. And
we say '"Hey, can.we -use those*computers?' . And the answer i8 yes.
So now when we come aboard we bring a- terminal and software “and
we time share with the onboard computers. And. we use these. jin
evaluating for many, many purposes ‘One is, frankly, personnel
management. ‘I think you would not be surprised, aboard .a carrier
with 2,700 people or 3,000 people as the case may be--one, by the
way, 1s never, sure how many are aboard--1 ihink you would not

be surprised to know that very frequently there is less than'’
optimal allocation of personnel. resources. Translated, E remembér

B

- one propulsion evaluation board on:one of our- carriers--the PB
set up certain standard prohlems and they expect people to solve

them.. In this one case, not only could they not solve'them but
they couldn't find anybody who could. Not because he was not
there--the guy was there--they just couldn't find him. Then we're
talking about 600 men in the Engineering Division, and just nobody
knows where they are. So this is a real problem. By the way 1
might comment, you don‘t experiment or test with the devices you
take aboard. You plug in with th onboard computers and we find -
that, really, these are extr y. opportunities with: respect
to job performance measurement. r example, we can set up ,

s L

A



off-duty cyc ,*and We can measure rather §irectly their job - 'L;‘,Q*i

- [ T _'_performance with respeet to ‘sfandard job s erarios. And this is . @

R Q'working;just beautifully,_providing the co _nding officer likes : L
VT B § : ',_‘j*.':ﬁ'_;';:--, , o : S

S 19, This was dockside, job performance evalua;ion‘ three, skilled oL

. categories sonar technician -fof course), weather technician, B IR

and- missile technician Now. these are supposed to be the best ° e

, - guys we've got. They're out there doing their jobs;. they ve been - |~
BECE “"through_ all the schools and they've years of experiepe&s and they're
and tested ‘ IR

: supposed to be super. Jerrywand his folks went do

the first thing we found was some~rather startling deficiencies in
what the very best of our people could do'. You.kn W _you reallyj;~
“don't want a nuclear warhead technician at .70% effectiveness, oo g
‘ think. I'm happy to say immediately :that’ they=brought with them R

' . remediaI”training programs &ailored.specifically to the individual

" so that the asurement. that they got was diagnostic and cOuld in

R fa;t, be uSed! immediately by<the people.: I'm happy to report from

the latest data that this was -extraordinarily successful. .Butr 4t

v b was, extraordinarily egpensive as well. And so.one-gets to the
- point o;éggying "You've got' a nuclear warhead Ucchnician

.« 1s the effectiveness of changing his job proficiency from 70% to

~

N4

98%7"._ Well emotionally, it makes me' feel much better. But,'is =~ ..
. this the kind of data ‘that we can present for cost foectiveﬁess ‘ o
oD evaluation? I doubt it very much. Well, let me.put it this way: .
It hasn't worked so far® R Le
. 20. I don't see that this is a problem in practice. It seems to mev '
that in wost situations.that I'm familiar with, I don't see many L
people looking for simple criteria. In’ pract ce they are really s,
. looking for multiple criteria because, that's the nature of wiat o S
. you're dealihg with. In dealing with mathematicians——-it’ was N
always an intere§ting experience for me to: take this kind of - N ,
i " pyoblem to mathematician For two years I was; with some of - . L e
the world-class mathematicians who assured me that no matter how g
= N complex‘the problem was they would find it mathematically tractable -
~This was, of course, before they saw our»problems And sd we . s
started giving seminars to the mathematicians:.  We started saying,
‘ "Okay, here's some of our problems, now what do-we do with this’ :
mathematically’” I recall one, ‘Ruth Holliman, who's. famous for the’” - o
Holliman ¥ilter, who' said, "That's too complex " We used to have - . -
. a'little scenario in a special beautiful mathematical library.. '
+ ~~—~You recall Einstein"s theory of relativity rested on Riemannian “
surfaces, ich is the theory which had been developed about 20

AN | years befode. So he had a model that ‘he needed We had this 3
. - thing that we're going to walk through the mathematical liBrary , niﬁ'
N and a volume would fallonm the floor open to Chapter 15 which was’

1 : - . K ) . . b Ce ) . . -’!“.‘
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21,

,real%y not against rating methods but I sort o{a;i?e the fact

the model for our data. Th%? was our“thedry of divine intervention——

and it‘ never happened. . . Lo

. RS L3 ?

"With respect to 1ndividual job—é@rformance evaluation from a’

summarized sum of the comments, I see; much more sophisticated

measurement than 1've seén, I vé seen much more in- depgh on—the—job N

performance measurement, »and fgankly something there L 1ike, I see.’
a lot more of "obJective ‘measurement. Mr. Camm noted some of - --
these. . We're less and- less dependent upon rating methods. I'm

N
-~

" we have much more measurement opportunity in dind\yidual job' - S
performance situations.’ v '
’ /.‘ ' : ? o ;v\."_ ) ,.q.'.
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) . K .
N T
: — o
7
- '\ . .

»



L T Air Force Human Resources Laboratory

The Naturg of the Criterion Problem in TechniCal Training R

. study.begins with a careful search for’ crit sria whieh possess, amggg
ri

. h THE CRITERION PROBLEM
AN OVERVIEW OF EVALUATION AND MEASUREMENT RESEARCH e
N THE AFHRL ECHNICAL TRAINING DIVISION ¢

13

'\ o : . , . .. P
. . S o .

Philip J. DeLeo and Brian K. Waters IR 2

Technical Training Division ’

1 . Lowry AFB, Colorado -

-

.-
People engaged’in training research ﬁrequently view the well—known

,criterion problem frdm,a somewhat differentigerspective -than those who.

* perform selection or.classification studde Thé typical selection

otheg desirablé properties, (a) relevange to the ultimate crite
(b) freedom rom contaminationbiand (c) reliability (Thorndike, 1949).

" S€lection an assiflca@ion Tes!”vvrers then devise 2thogs—of measur-.

ing behaviors (i *,ab ]

the criterion. chosen.

ing researchers ake 14l 1y to

accept the criterion ObiECtll‘f.Of a tgalning course, Or un .
instruction, as givens and bypass t aspect of the ‘criterion probiem

completely, choosing instead to congéntrate F“,wgat is éssentially a
measurement problem, namely making the mastery or- n0n-mastery decision=
on specified criterion objectives. Thus, in both, the,knowledge and

performance domains, the criterion problem becomes a questioﬂ of whether

or not mastery of the criterion is the state of nature for a certain

- individual. Relying on the instructional system development -(ISD)

process to specify appropriate criterion objectives, training researchers
have tended to contentrate their energies on dbveloping methods, for
measuring whether thése criterion objectives have. indeed been attained.

This strong emph ‘is\gn measurement will be seen clearly when we discuss °

our past efforts, and it continues prominently in our present and planned

work. ‘$ .
Having contrasted selection and training approachesZESFt e'criter
problem, let us ndw attempt to show how they are related ig re I
illustrates the linkages between selection, trailning, and the
terms . .of immediate, intermediate, and ultimate criteria.

Most,\if not all, Armed Forces selection and classification tests
are validated using performance in training as the criterion-—for the
obvious reasans that training data are easier to obtain, ‘'less costly,
relatively r:gi
training performance is truly reflective of job performance-are ~ A,*

- .
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Figure 1.

. _ .ultimate criterion.%
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selection studles on safe .ground.

'1\§9 be valid,

Y

A model of the relatlbnshlp bq!heen seIection and the

"
*® 4.
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For the process described. in Figure
it is inrcumbent on training researcﬁers, therefore, to .
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- re—examiné a more classical statement of the criferion problem and

consider to at extent training performance actually predicts Jobvper—
formance. le eﬁcurate measurement of tralnlng performance is seep
as_a necessary conflition for total system effectiyeness, it is by ! ,
'itself not sufficient. Realizing this, we have increased our emphasis
.Jmproving t alnlng ‘evaluation (Step 5 -of the ISD process), ‘and - we
I\xneﬁhe future conduct rese rch to jmprope the methods by which
both training requirements and tcdinlng;objectlves are developed in-
(Steps 2 and 3, réspectively;  ofi'the ISD. process’) _

Air Force training.

To recapitulates thus far we have asSerted‘Ehat solving? ;he' J
:criterion problem involves answering essentially two questions:

C 58~.i SO
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. (a) what behavidrs“should sbe bbserved.(meashred, tested) and (b)

are these behaviors to be measured effectiply (i.e., taking into.
-éecount reliabilitx of the measuring devicess, efficiency, and accuracy)?
. The decision to observe certain behaviors rather than others involves v

a content validity approach which is based on defining the job domain

in terms ‘of tasks performed. This aspect will be subsequently referred
“to as the definition aspect of the criterion problem. The qQuestton of~
measurement effectiveness’ equates to a predictive, or coné/grentlm '
validity approach which relates‘tralning performance to Job perfotman €w-

Tl .

Iable 1 prOV1des a complete oVerview of our measurement/evaluation
research work as ﬂm relate$ to these o aspects af the criterion prob-
lem. We shall next review thes¢ studies in some detail, indicating

’geperal trends in our progran.

‘ﬂ' ) o . ‘
R . A\ -t . -
; ' Table 1. Thgﬁéfiperion Problem
el ,
7 Measurement Aspect . . DefinigipgAAgpect \
v, R
o Student Attitudes . . @ Survey of - ATC measurement/
. o 'Confldence Testing - evaluaqion procedures
//r\ Past o Advanced Measprement Techniques «© Task clusteripg in.
. o Adaptive Testing field evaluation
d o Adaptive Teif%hg Model . @ Advanced'Field Evaluation
‘ Deveflopmertt - A _ ‘System * , .

Present o Symbylic Performance Testing
' o Critdrion Checklist Rellablllty

: o Latent Trair Applications, o Requirementé Validation
., o Adaptive Testing lmplementation o Workshop for Implementation
Future o Criterion Referenced Testing of Advanced Field Evaluation

O (Mastery/Non-Mastery) ' System
* SN — > \‘KX — . o
Y . .. N
, . ' N\ )
Previous Work \¥’ \

Since the Technical Training Division of AFHRL was originated in
1969, thesprimary thrust of our measureiment and evaluation research
program has been directed toward the measurement aspect af the criterion
problem. Resources committed to this task have been quite, limited,
'due prlmarlly to other commitments within the Division such as develop-
ment of the Advauced lustructieual System. Rarely has more than one '
man-year been dgvoted tu heaSureme“L/evaIUdLipn. Within these constraings,
we have trted to be respousive to the immediate nceds of the Air Fprce
as well as to ,investigate new techniques for incorpgration into com-
puter based instructional systems. e

v

.
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p During the- 1969—1972 time- period, problems of measurin studed}’:'

* attitude and student achievement ocgupied our attention. Tk¢ attitude -«
‘measurement project attempted to devel ~Sggﬁéit Crithue Form

for potential ATC usage. A series of- 40 )

covering the development of “the critique scales, the for

tion of norm’

ey groups, scale reltability, factor analysis of the. questionnaireg cand_ _

. 2% hse of the discriminant function to support item validity. The norti= el '
o #“ ‘referenced approach described by our researchers in the. final report.. - PR
. ® 7(12) was’ Judged :by' ATC personnel to be operationally infeggible?d T S

. : consequently,‘the newly developed crit1que'form was never used -
. . y N
: In the achievement domain, we investigated the utility of confidence
- testing in an Air Force environment (2, 3, 4, 5). Confidence testi.g
is a technique for test scoring, where students are asked to express
the degree of confidence they have in their answer. Confidence testing
_ could increase the pred1ctive validity of test scores in twe ways.

- (a) by making constructive use of partial knowledge: in determining an
examinee's true score,-and (b) by reducing test anxiggy. Of the avail-
able techniques for allocating confidence, two method® were: studied in. —
the classroom (6). Neither proved superior, and the students were C
‘relatively indifferent to use of eithe technidue. The most serious
‘objection came from instructors who felt that the system was too

-égompbex to score by hand. However, the results of this study may omne

ay be applied through incorporation into a computer scoring routine.
“_ By 1972, we had turned our attention to finding alternatives -to
the multiple choice format for testing the knowledge domain and to the

- development of more sensitive scoring systems (1, 14) This effort
culminated inp a study by Siegel et al. (15) in swhich' several advanced-
measurement techniques were tried in a classroom setting. Included

~were novel ttem formats such as analogies, pictorial testing, and

cognition of figural systems as well as new scoring methods such as
confidence testing,$sequential testing, .and theory of signal detection.

Though " ‘These techniques were, on the whole, ccessfully demonstrated . .
in the study,/thei were not adapted on a wide scale, probably because
ATC first-line evaluation persomnel were not. trained in their use.

’

.

In search of more efficient ways of measuring an examinee's
« knowledge and gkills, we initiated work.4in adaptive or "tailored"
testing Here, a reduced set of items fs given to an examineé,
7 dependent on ‘his or her previous pattern of responses. ®Our initial
" - efforts in adaptive testing were to consider the issues involved in
. implementipgtthis technique in a computer based training system (10).
Waters (17? also conducted an empirical investigation of one approach—-
theuStradaptive model for measuqdng ability——and concluded that the \

%odel held prohise.

r

- L . Hansen‘et al. (Lb) swucesstully 1mplenwnLed two adaptive testing
. © . algorithms, Flexilevel’ and Hierarchical, in’the Precision Measuring

- * 7J
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‘ Equipment Specialist course at L6 Resu fronhthis study are
.~ __.“decidedly éncouraging. Time savin:§>appro imared 20%, and accuﬁacy of ©
i measurement/WaB nearly 1dentical ti;Tfnventio al procedures
% v
A 1974 study (16), which surveyed AJC measuremenf/evaluation
procedures in the context of the ISD model, developed some information-
which laid the ground k for our current, interest in the définition
"aspect of the criterion’ problem. An in-house follow-on- stqdy (13)
appraised the ATC graduate evaluation system, presented a method "for
dete ning over- and under- -training, and suggested a task clustering
- approach to linking job performance with training objectdyes.

s e . . < o N ’ f;

Present_Work

A
5

» Work on adaptive testing has been undertaken prigarily to decrease
test time. In a well described instructional sequencd
ggasurepent yields assurance that the student has attainéd pPrerequisite

asic concepts and skills before proceeding to more complex areas in
the curriculum. However, no single model or algorithm fqr adaptive
testing has a clear lead at this time, nor are any readyﬁégr widespread
implementation. More work needs to be done particularly in the
theoretical development of" adaptive criterion referénced performance
testgf¢ Consequently, we are participating in an interservice project
which is supporting work in this area by Dr. David Weiss at the
University of Minnesota. Another basic research contract with the

same general objective, although with a somewhat diffefent approach,

is also being supported.

‘

Development of an Advianced Field ‘Evaluation System for ATC
represents our first real attempt to validate the link between train-

- ing performance and job performdnce and addresses the criterion .
definition aspect. While the primary purpose of the research is to
provide more useful information about training adequacy, a by-product
of this study will be awdirect check, independent of the occupational .
survey repo , on whether tasks trained are actually performed on t39~
job. Hopéfﬁiiy, as well there will emerge a more sensitive scdle o
measure of job perfo nce. Anpther procedure that we have investigated
for imoreasing testing efficiency is called symbolic performance test-

o ing. The underlying concept in this technique is to capture the
essential features of a performance test in either a paper-and- pencil
mode or by means of addiovisual or computer graphic presentatiofl.

Thus, w@ admiutster a aymbullx verslon, or analog, which correlates
Very highly with the act.ai-performunce test,  In the process, we

" avoild consuming instiuctof and equipment time tor test purposes and
can deal with more than one or two sBtudeuts at a time. We are currently
working on a demonstration of (his technique iu an electronics training
course at Lowry AFB. Previous work oun symbolic performance testing has
not been' very encouraging. Nevertholess, the potential increase in




. mekt" which assumes that examinees of all ability leve

. . - ‘ . ' .
- lr\/ : | |
. ¢ .

testing efficiency eshgontinued exploration of symbolickperformance
testing worthwhile.“. T Y ‘

Since the advent of criterion referenced measurement, one of the

major tools used by“the ATC instructor has been the criterion checklist.

Because accurate measurement requires reliability as a precondition,

we are c%rr ntly investigating. the reliability of this device in two
ATC con¥, * We ‘hope to be aﬁxggfo.suggest operational practices which
would inc ease the reliabilit measurement from use of criterion
checklists, : - . S §

| .8 1
Future Research o \\ ' . ) )

Requirements validation, referred to in Table 1, is meant to .
encompass research to”’ensure that training objéctives flow from job
requirements.~ We would agree that some theory, cofjcepts, skills, or’
abilities should-be taught, even though these do nak’appear to be job
requirements per se. The opject here would be to discover-better. ways
of judging which enabling objectives are prerequisites to job perfor-

e
- o™

mance and which are irrelevant. The student himself may be a fruitful,»

but often overlooked source of 1deas, and so we are led full circle
back to student critiques as a method for developing this information.

\'
Returning to-the measurement aspect, we 4ntend to pursue applica—
tions of latent trait theory to ATC measurdment problems. Latent

trait theory is a relatively new approach tp measurement. Popularized °

by Lord (1952, l953a, 1953b), latent trait theory has the- potential to
help solwe many, criterion-related measurement problems. Hambleton .
et-al. €1977) cite the disadvantages of classical meaSurementg
procedures, among these are sample scientific item parameter stimptes,

" and the fact that they have no utility in detérmining how a given

examinee will perform on a particular item or set of items;- Latent
trait theory permits us to predict item performance by individual

- eXaminees based upon the underlying trait or characteristic being
asured. It does not rely on the classical'"standard§§rror~of measure-— .

have equalf-
errprs of 'measurement. ‘. Latent trait theory also allow®’us to get® away
from the concept of using only group correlation coefficients between
prddictor and criterion test scores 20 determine the utility, of a
eAsurement proc:Eure The concept of "test information function" .
aflows us to compare different instruments or procedures in terms oﬁr
the relative amodnt of 1nformation which they produce about the, ynde

"lying trait. . .

A relatively largk and growing amount Qf research has been done

in the use of latent ttait parameter estimdtes for selection and classi-

fication. Asi from the on-going work by\Weiss and his associates at
the University Minnesota, practically n research has been done in
an instructionaklk environment. We plan to look at such applications in

4

4 .
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the near future, probably in our FY79 program///’,‘

+ One of our major concerns is the effect of having a multi~
dimensional instructional situation as opposed to a relatively un
dimensional aptitude measurement problem. As current latent tratt
models are defined, -a uni-dimensional latent trait is assumed. We
.must either examine the robustress: of existing models to viglatio of -
this assumption or create new, mere complex, models-which gan handle
multi~-dimensional data. If one of these alternatives proves fruitful,
many of the scaling, sampling, and lack of individual- predictive
problems with conventional criterion gredlctions may be eased,

I

Continued WOrk on adaptive testing is a ;}é;r future direction.
We ‘would propose to implement those models which survive our present
.studies and meet the tests of practicality, ease of use, efficiency,

and accuracy. ~ - o ) T

Still a third aspect to the criterion problem, not considered S0,

"far, 48 the question of how to set cutoff scores on. test instruments. .

What .rationale should. be used for deciding mastery level® A further
factor is the utility or cost‘ﬁf testLﬂg Is the 1nformation ‘gained

. from the test worth the cost of administration7 If cost’ were taken

intp account, perhaps we' would conclude that the test ought not to be
given at all' A decisipn theory approach (Cronbach & Gleser, 1965) l
based on the notton of- utility may be fru1tful Lfor 1nvestigating these
two additional aspects . )
. , . -

Figure 2 is a graphicd representation‘of the problem~one faces in
setting cutting scores on a test. In a roughly- normal disfribution of-
test secores, students tend to fall into three ‘'discernible groygps: !{

' masters, non-masters, and a fairly large middle group which:ihas test

scores between () and C2 . One would need to collect more information
about this middle gfroup td render an effective mastery deci%ion. This
may be uneconomical in certain instamces. If Co 1s chosen as the eutting
“Store, the shaded area represents errors of classification ¢h the task.
With Cy as the cutting,score false pogitives are quite small-ahd false
negatives f%latively large; the opposite is true if- -C1 is. chosen

. A decision theoret1c way of thinking may be helpful in setting the,
cutting score. {fhe imporgtance of the decision being made dictates’
whether C; or C, 15 the most beneficial place for the cutting score.

If the consequences of task success and failure can be quantified in a
ydollar mettic, the costs of additiomal testing could be combifed for

various cutting levels, and a more rational dec1sionJﬁould be \made .
These questiong remain to be explored in future rFse rch. . <o

* . { . ‘ » .F t-
'\ ) . ' . .
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# Conclusio ’ ¥ T

In sugmary, ‘it should be emphasizZed that for the training community
progress on the criterion problem will come when both the measurement
and definition aspects have been addressed.” We have shown to: what extent
our Erogram hgs been concerned with these issues. More work needs to be
done” on tH? définition aspect in order to assure ourselves that job
relevant behaviors are being trained in"an effective mannér: '
. ) / .
‘t.f\ ., Much of what has been presented in this paper is clearly applied,

even "action-oriented," research. That is, knowngtechniques aye applied

to solve operafional problems. We have a stronzﬁsias in this;direction )

and feel that such is a proper-orientation for a military R&D organizdtion.-

.Hbwever, 'some emphasis ‘un thépretiC'l development y advances in statis-

tical methodology, and innovation in\measurement Cechniques will be . .
\\K\m,ﬁn;aiqe . We mus§ continde to support and encourage basic research

so that ney tools will be available to’solve probleém$ yet unstated.

‘y .. . N .

We hope tu hLave Mearuned some_lu%sous in our 8~year existence..
Mary of thesc a.e not researcl lessons but guidelines for translating . .
our research 1ntd,operational°programs.‘ We must constantly.be algr;
, f% closer coordination with our.usef, not only to be responsive to ~
} ® - real neeg¢s, but alsu to help with thefprqslem of personnel‘turnovq; and

‘e
~ )

N : , o
. ‘ A . » ~ - 4 . ) ' \ ' &
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changing perceptions of needs. - In @ddition, we . must provide transition

plans: to includ€ suppors, and training where needed so that improve-

ments may ‘be institutionalized for instutionalization of our research
. must Be the ové}riding goal of our measurement/evaluation program. .
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) OVERVIEW OF ABVANCED SYSTEMS §§¢ . ‘.‘ ‘
CRITERION RESEARCH (MAINTEN ke eyt

vanced Systems Division

j/).__l D ‘\\ . g, . John P. Foley, Jr.
. Ad
' Wright-Patterson -Alr Force Base, Ohio

i . , ‘o, | Introduction = - : *oc ‘ ' .
' . ‘ 'S B : i
L S - ) ..
The.Advanced Systgms Division (AS) of Air Force Human Resources '
. ... Laboratary (AFHRL) has had two. sgparate and distinct criterion R&D .
. program§--one concerning pilot perfoxmance; and the ‘other concerning
ot maintenance performance Today I am addressing our maintehance program.

8

Maintenance of hardware is currently an extremely cogtly operation

. r«, for" the Department of Defense (DoD). High maintenance cost is the . .
¢ ~/t/p?imary cause of high systems ownership cost. For some'electronic.

maintenance specialties, nearly 1 y€ar of broad ‘formal training is .
given. first enlistment personhelt\ And maintenance training’ generally
* is long and costly. Even with such lengthly training, the efficiency
< of maintenance gould be gréatly improved. Improved job instructions
and 1nformation, as well as increased use of job (task) oriented
v training have great potential for decreasing maintenance training
" time! and. improving the Job performance of maintenance tasks
. . , A ~
. . But, to maxiwice suth potential and to-.ensure more efficient
maintenance, the criteria for the selection, trairding, assignment, and v
premotion of maintenance meﬂ’rhould be the demonstratéd ability of
maintenance persognel to perform the tasks of their jobs. To enforce
‘such ctiteria, the key job tasks must be identified and the ability to
& perform identified .tagks -must bé ascertained. Since the ability to ,
perform man’y or most of the identified tasks will mot be part of the
‘norhal repertoire of those, being selectéd, for jobs, approp;}ate action ., .

I ] :

-

' +
“ mfust be ‘taken to develop the ability to perform job tasks. = Of course, 4+
. these acticns are "easier said than dome.’, . é} : '
‘ 3
] -
= ~ : ,
- ‘Lhe Cricestun Faoblem

a hd .
If we can produce a wcasulluy Jdevice that actually mweasujes the A e
ability to.perform the dcsired beh.viors dnder all the desired c tlons,“,
we have an,ultimate criterion, measure. But the fact that we ushally

cannot develop such a»device forceg us to settle for a secondary

criterion measure which lS at best, somewhat different than the-

N




‘individual can drive adequately. But such a test cannot be copsidered'

-

, - T ",‘ ,‘ : I ra C .
ultimate. 'As we sée it, this difference between the real world and ‘
‘the simulation of the real world, fpr testing purposes is the criterion

2

. lproblem.‘ . oot Y N . oo ;

A ‘common example of such a criterion problem presents itself when @ ¢
we' attempt to measure an individual s ability to drive automobiles.
To ‘measure such, ability completely, we would have to devise a test
that would measure his abllity to perform all driving tasks of all :
automobiles, on all types of roads, in all traffic conditions, ‘under At e
all types of weather conditions, whether he is being observed‘or not. = &~
It is opvious that it ,would be virtually impossible to meet %11 of . T
these conditions under practical testing conditions. We, -therefore, cf0
settle for a less rigoreué test criterion. We assume th&® he can S .
drive any.aztomobile ‘ade ately, iff he demonstrates in a performance.:-‘a ’
test that hé can perform gost driving tasks” in one automobile, in -
normal traffic, while being observed. ‘ '

. . [ . - A . . .

But many times, it is inconvenient and ‘considered too costly to .
administér even Such a driver performance test, and an attempt is.
made to .develop a paper-and-pencil tesfﬁwhich will determine that an

to be a'valid Substitute unless a high empirical relationship to the
criterion measure can be demonstrated. In ‘the practical worPkd of test
developmtnt, the driver performance test would be considered” an
adequate, near ultimate criterion®test for validation of sucK & paper—

and-pencil . Substitute.. Many times_such a paper- d—pencil test is ' N
used without beings/validated against such a near timate criterion RS
test. The use of such an unvalidated test would bg ap extremely ‘ o
o dangerous prattice,. Since ity ig assumed by most users. that it measures ) v
' an individual s ability’ to drive, when in fact we are hot §ure iwhat <
. it is meaSuring . .o . v
.' o e Ty .
3};.'

“ in the American Psychologist, - entitled "Validity for wh

This criterion problem has -long plagued meaSurcment theorists anF
practitioners, as well as purriculum researchers.- The use. of job - y

‘tasks,- and performance examinations based.on these tasks'as near °

ultimate .criteria for evaluation ofi.selection devices, was first ° et

emphasized as a result of the work of Army and Navy med%urement ' . ‘

psychologists during W¢rld War II. In 1946, Jenkins discussed the - .

problem in light of the gxperiences of ,Navy psychg&ogisg@e&n.an article’
a

'\\"‘.

. & . . -
PbyChulungLb iu gerferal tended ‘to accept the deit aSSumption / .
that griteria were either ‘givert of God™” or just to be found: - .+
lyling about. - = . The uovice of 1940, seaxching ‘through manj“ U
téx‘t\)ooké'an.l wach jourual literatdre, would have, been led ’v‘;, ' ‘

- to conclude thal e« pedienc, di«(dlcd-thc choice of~ criteria ¥ 2 .
anJ that the con eculent avatlability 8f a criteribn'wasymore - o -~
flupwltdul. then fts ddequd.. o N e T e

'7 \/ N ‘ . . ._‘f"‘
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In 1964, the late RaiiispWallace. presented a paper at the angual tonven-
o ton of American .Psychological Wssociation (APA), which also appeared _ '
.- in the Ameérican Psychologist (Wallace, 1965a).. It} indicated that muqh 8

» - of what Jcskins said in 1946 was ‘5till true. -_“ _ "

. Y
In the "18 years which ave followed we have become wise; and
. sadder ahout the criterion problem. If we have not . _ ¥
gccomplished a ggeat deal, if we tend to use the’ exped%gnt N T
crigericén with the cemforting thought that some ‘day we. ’ L
will get .dowht' to constructing better ones, if we concentrate . 1 3
. _-oh criterjia that are predictable rather than a ropriate,- ' _
S ‘ we do opergte with,varying levels of guilt fe gs. W - .,
have not done muchfabout it, but we knbw we should . Lt

.~ T

.t . ol .
¢ " All of this is prelu@e to ‘my main thesis which is in no sense
a'ﬂ; . revolutionary, original 8¢ co troversial I state e’ because - B o
w1t is honored in .the, reach ¥ is'that the naturg of our .. =
ﬁgﬁ'roficiency measures.determines how we select, ‘classify, train,
-f‘ﬂlintaih, arid assess our human reso rces. If the - ‘-mhkasures . ve
o iargely irrelevant to-the jobs we rwant done, we will selee@ -
; wrong men, classify them inizrrectly, and train them wrong. ; ' _
) . PgiY.is8 true because these prof iency measures are,.or shouldv N
I be, the criteria against wirfch wé' validate-our selection.and
Lﬂ7 "*.i nclassifiation procedures and evaluate our training content - . :
. and-methodology-or our’ pervisory techniques. Thus, if I =~ o
« . 'use'a test'of, advanced electroniCs theory as the proficiency
_ méasurevfor elecg;oni s,maintenance and as the criterion .
. against which tqevaluate a test for se1ecting men % into .
“sf daintgnance training, I will end up choosing a se1ectio test ¢
‘. which refjects men.who are not well above .averagé in both’ . &
: readingjand arithmetic abfﬁity “In tHe process, I hight rejecc
SLTALT . Ca greqt| 'many who are outstanding in their abilit -to get their
St 7“" Bands oh a.plece of: machinéry and make {t work. ' I might ‘also
A 7. “dcgeptra number who (like mySelf) are so lacking in ‘the simplest !
» ~ .. manipulative ability that, their hands could have: been cut off o
e at the wrists at birth withdiit setjously affecting their outputs. - s
C }f So, when I decided what proﬁiciéncy measures Jto Juse, I also ' ;
sy v 7 de¢ided what kind of“u:n I was going tq-pp in training fox- . N
! the job g +: g : :

A But it‘doesn 't -end there, For when 'L néw ‘a ach the problem' P Lt

.~ .+« + of How to train mén tg perform ‘the tasks Inyolwed in the job, .~

.~ I must. make decisidnsgabout. what should be taught and what . = v, B

Lo, - pethods should be usdl - in teaching. 1t.~ The only way T have’, .
3. Jﬂ'. of reaching such decisions (except by’ -divination which’ is, . 1 o

o R admittedly, not a rare procedure) is to measure anﬂ compare oo '
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. %\ « ' the performance achievedcyith various curricula and
o methodologies. .50, dn 'cigiiica edof the electronics .
-+ maintenange course, I 'py -._i'i_t;hs of reading abOut

- electronics’ theory ‘and I p¥ graduates

: -‘read and write ‘electronics theor hile thgir equip- .
o ) . ment deteriorates in hopeless inqésrativéf'sa (Wallace,
T 1965b p. 4).2 N A
: : » . . e

B A

) -~Systems Division decided to do apmething about the griterion problem .
.+ » -as it applied-to maintenance. And, alﬂhough our work was at times -
delayed apd sidetracked, 12 years ‘Patér we do ‘have gome R&D completed e
) - which’ we .¢an talk about. However, the -8rim and vivid picture that
** . 7 Rains Wallace painted in 1965 is still xrue for most of the operational
Air Force., P * _ . .

. - v,
. -t L

- . .
. . [
.

. our approach'to the criterion problem has been to study and
" &nalyze jpoth measurement literature and maintenance jobs, and to . “
develop job task performance tests (JTPT) for key maintenance tasks '
‘which were selected on the basis of these analyses. We devel
"these JTPT to be as near to ultimate job criteria as possiblquﬁ keep~
e ing with the following suggestion of Frederiksen: . " L
. " The objective, presumably, is tq get as clOse as ig feasi le kS
' ' to the ultimate criterion; but as has just beén seen ;. when y
. -+ . -one gets too §1ose to the realhliﬁi,aituation, control.of & -
D N the conditions for adequate obserVation is lost. bservation‘
' . of real-life behavior is ordinarily not®a suitaQIe Yechnique * -
" for~measurement. The tjpe pf measuye that is Iq'dmmended y '
) _« for first’ consideration in & training evaluation study is - @ _
. . the type which most closely approximates the ‘real-1ife - REW
R .,'situation, that which, in this chapter, has been called’ TR
N : g}icitihg. lifelike behavior. If .it, is not feasible to wa ,
. ° r for “the behavior to happen in real life, then lifelike ;ﬁh_'
’ ) occasions ,can be provided fot~the behavior to occur’in:a

. _ Jtest situation (Frederiksen, 1962, p:‘334) _ R “
K s Admittedly, an’ examinatiqn made upuof tasks removed’ grom their . '
N actual job’ environment is not an ultimate cri;eripn‘ﬁdgt Under . °
' +tactual job situations, the graduat may have to perform these tasks .
Wt :'. o in crampe qyarters, under stress ﬁf timé, noise, heat, or !hld, or .;_‘jf ,
with ar¢, e ﬁed boss interfering. 4ﬁmse conditions o SS are C

. usually n¢ ; cohstant variables, but change from: -day-to=, and- from ¢
§ '.hour—to-hour.v The assumption usually has to’ be,made that the individual
¥ -+ can perform a task,under conditions.of stress, provided he can- perform * - ..
P .the sahe .task well under normal conditions.- A formal performance et e
-examination has “its own ;set of stresses,.which may not. be the same*as e e
' job. stresses’,” but ‘their ‘presence may tend to offset the_ lack of job R s
~stresses. . Forndl job thsk performance examinations are the closest - -

. v * . : . '," [ * \ :
. lu:r R LR B !“' e . LA ‘ R . & ’ * N
et EAN - to . " . o o e . & -
A Cae ot R A oYL, E T RS o o S
. : /- . Lo . YRR - . -. .

.
3

. . .
o . B N S .' H




. . ' \ . . L ‘.._ .
» L o . ! A ‘e
. .
~ : v v *
. - R . -
. .

maintenance jobs presently availéble. '
~performance tests at all. -

".;". FLi [N

ugable simulation of j
They are -far better than-

‘ N -Reviéw'Qf-Pefféiﬁa ce Measurement (PM) Literature .
v ‘ .t . i ‘ , \j .. '.,‘.";'ﬂ v A & ' ) e ]
In regard to the“lité'dture reviews and analyses made for PM >

(Foley, 1967, 1974)_*@@1&3{ 'vﬁl,uable PM efforts have been reported by
the Army, Navy, gnd- A¥r Force. fHOWQVef, most of these efforts have - -
" not’ been systemqtic,éffortéiﬂbaviﬁg-as their prime objective the Y
improvemgnt of the étaS@‘éf*tﬁérag; of PM.. -Rather, they have been ad -
- hoc PM deve}opménﬁ upp 'q.Job‘ofiented training’research programs.
. " A Wbtable exception- wasythe woPk of the Air Force Personnel’and Training
L. Center ~ (AFPTRC) Maintenagee qubratory. %ignother more recent systematic
‘ Army effort, accompiished by the Human Resources Research Organization
(HumRRO) ®as not covered dn these reviews (Vineberg, Taylor, & Caylor, .
1970a, 1970b; Vineberg & Taylor, 1972a, 1972b)).. As to civilian R&D, i
durings the initial PM'literature review gFoley,;1967), a serious oo
attempt was made to identify and include the results of PM R&D from
the civilian vocational education establishment. None was found.

B

£y

A sﬁbstaﬁ;%al outcome.of the review of other PM efforts was a

congolidation 'Fesedrch results concerning the correlations between

results of PM various maintenance tasks and paper-and-pencil theory

tests, job kng edge tests, and school marks. As tp their value for

K measuring ability to perfqﬁmlmaincenance tasks, this research evidence

S gives a low ratinfczz all -of these paper-and-pencil based measures of

+  school and‘job subcess. Table 1 shows correlations that -Eve been

obtained by comparing JTPT tothéory -tests, and to- job knowledge tests.

" The latter two are paper-and-pencil tests. Table 1 also 'includes (
cérrelgﬁions of JTPT with school marks. As indicated earlier school v
marks have been heavily weighted with the .paper-and=pencil st .,
scores. An examination of thiq”table indicates ‘that the qorfelations ,

'S

of JTPT scoresg .with theory test scores are generally “sotewhat lower ‘
.~ .. than with job knowledge tests.’ None of these meagures i fficiently . .
U wvalid for use as §u§stitutes for JTPT ‘(Foley, 1967, 1974 — .
L. t . R MR | . S R Do
The personnel system, which includes. formal training, depends |
almost exclusively on such*papef—and—pencil tests for making initial N
‘selection, for asceitiﬁhing éffddﬁiveness’gﬁ training, and for the .
promotion of maintenance, pérsonnel. .The effettiyveness of formal ° =
tratning for the mechanical mainténgnct specialtles is measured mainly@ﬁl, .

* by scores, obtained from ’such.paper~ahd-pencil jop-kndwledge’tésts, : “

«. even-though .the students in these training programs have received 4t | :
least some -"hdnds-on'" practice on*many mechanical maintenance tasks.
The measures of effectiveiless of forﬁgl~tr!inipg-prqgrams-ﬁgr the s ;
electronic maiﬁtenqnce”speciglties include scores irgm_paper—and:geﬁciI

o -job knowledge .tests,. as well as theory tests. "Students 'in these™\ .
electronic.maintenance courses receive little if any ,'_'h'ands-':on"_«”s'1

\

v ‘. prafice ' thefr'mainténgqce tasks.. . s i fe ’

. . KIS o R ) A \ ;o . .
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+ -Table 1 »Correlations BetWeen Job- Ta% Performance Tests .and, Theory
Tests, Job Knowledge Tests and School Marks B N
, "”' Type of Job ‘Task¢ . Theory _ Job Knowl-~ School
Researchers ' Performance Tests (QTPT) - _Tests ‘edge Tests Marks -
Anderson. Test Equipment JTPT " A : : - .18-.33
(1962a), - e S . .
. Evang and Troubleshooting JIPT * .24 & .36 , .12 & .10 .35
- Smith (1953) ° . L . . ]
- - . . O ) : :
Mackie et al. - - TEOUbleshooting JTPT .38 L .39
T (1953) S C et T o |
Saupe (1955) Troubleshooting JTPI.' N o .55 .55
Brown et al. Troubleshooting JTPT; .40 _ .
(1959) . Test Equipment .JTPT ' = - ! 29, i
Alignment JTPT ' ’ ) - .2§
, Repair.Skills' JTPT . ol .19 ) -
Williams and Troubleshooting JTPT o " L .
. Whitmore ~+ (Inexperienced subjects) .23 ' e
(1959) |+’ (Experienced subjects) . .15
' Adjustment JTPT . Ny e
(Inexperienced subJects) .02 - A
= (Experienced subjects) .21 . _ .
v : "Acquisition Radar JTPT L - :
. (Inexperienced subjects) .03 .36,
P (Experienced subjects) & .l4 .22 .
u ’ Target Tracking Radar JTPT | ) _ I
v (Inexperienced subjects) .ome2b6 .33
- (Experienced subjects) Y. .20 .38
et Migsile Tracking Radar JIPT  ©.. :
E (Inexperienced Subjects) .09 .15 ‘
(Experiencéd subjects)" - .19 «32 ’ Coe,
<. mputer JIPT - o . '
A ‘ (Inexperienced subJects)‘ . .- 08 : 24 i\
. L‘ (Experlenced subJects) - .06 _ .1? ' .
. ‘ - :
S . Total JTPT - ‘ . ; L
R O (In!lberienced subJects) -oe W14 - , L
~ (Experienc:bd subgects) - .20 oo S
Crowder et al. Tr0ubleshqoting JTPT A - A1 7 gi8¥;32dm o
. (195‘4,) . . o NP . &
v - ' N 4 P 2. LGS
. . ) o X 73 . . Y P ‘- .
‘, a ! e 5 n’ A - o .. 6)0 A -
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i The selgction tests for both mechanical and electronic maintenance
specialties have been standardized against composite scores from paper-
and-pencil’ tests. This means that the people selected for the -
maintenance specialties have been selected not on their aptitude for
.performing the tasks of-their maintenance jobs, but Yon their aptitude

v
”

-« for making high scores on paper-and-pencil, theory, and- job kndwledge R
tests. . . . . ‘ LR . .
L . : . : i . e
A . our spec'ialty ‘knowledge test (sx'r) and the prdmotion"fitness .
. examinationl(PFE) used for advancement up the maintetiance careerd&ad ers

’*  also.are paper-and-pencil job knowledge tests. - At the present’ time, -

thrBughout his whole career, a maintenance specialist is not ‘re uired

v ) to. demonstrate on #8rmal JTPT that he can efficiently and effe ively

—- perform the. tasks of his job. o e o8t
. A

o . . o

"

\ . B
Aggan-Machiﬂe Interface for Maintenance,
L3 b
- : A '
The maintenance R&D supported* by AS Itas emphasized t .man-machine
interface. . From this point of view, PM for all personnel sociated .

" with machine systems must determine the, ability of such pergonnel to- e

* . . perform tasks generated by the man—machine interface. Although there
v ] may be some overlap, most of the task functions demanded by a machine,

e syzﬁem of its. opetatar pe@sonnel are different from those task functions

R | - demanded of its maintenance personnel. Herein lies most.of the unlque’
S ; . distinguishing characteristics of .PM for majgsenance. As a result,
"« . ithig section of my paper will be devoted to discyssion of - the complex-
~Aty-ef’ maintenance tas functions. . 2

L., . ~

< - . s, r .

Past Human'Factors‘ﬁmphasis : N o ' B B
b s */ ut' before discussing characteristics of task functions for. - L
_ nt ce, it might be wel to call- attentipn to the fact' that human ~
:§?§Ors eapablishments have. given much Jrore attention to the ‘operator
' v iktorface with machines than.to the. maintenance’pequgnel interf‘ce.'
'/‘Msﬁy adtions are taken to maximize effective apd effltient performance

-~ of the, operator Work stations_are humar &ngineer té maximize the-
efficiency “and cquort of the yfn operator. or ' training facilities
.are ‘provided so: that operator‘“can receive a large,amount of supervised
. " practice in performing typical tasks’ of their jdbs . Graduation -from
oo training is babed primarily on“ﬁemonstrated ability to perform job tasks.
o _And, periodic checks are made of the: qperator s ability to ¥Yperform the
¢ critical tasks of,his job.  These, of course, are not all of the many
; efforts' made to’ maximize the performance of human- operators. .

»

. B Generally,.the human factors éstablishment has given little .
7 7. atgenfion to the’ effecﬂtbeness and efficiency qﬁ the maintenance_ man's
' 'intétface with-hardware. The maintenance,work ‘of ‘AS, including’ ‘the
- ' PM wo ; has emphasiied this neglected i%terface, but typically, this

P . . :_‘,“ .‘9 . U \ V‘ -

T wpart o our proggm has treceived little maﬁgenemz visibility‘ or support._ :



" ' . o , ' ‘. 3
The Structure of* the Man-Machline Interface for Maintenance

One of the results of our R&D for maintenance has been_the evolution
and articulation of a structure for handling maintenance functions and ' .
. their complex relationships in a systematic manner. This structure

includes (1) standard maintenance functions and action verbs, (2) a .
\working defi itipn of a maintenance task, and (3) schemes for ‘handling <"
K the complexities of maintepance tasks. s . o . oLl
‘, Standard haintenance Functions‘and‘Action Verbs o - » .
WY The establishment of standard maintenance:fnnctions‘and/acti et
~ ' . . verbs has been one of the widely acceptkd results of the Air Fpr&e e R
#& " Systems Command"s (AFSC) joB performance aids (JPA) effort entitled A

. » "Presentation of Information.fq#.Maintenance agd Operation', - (PIMO). ~ -,
' (AlthOugh the PIMO project was managed by the Bpace and Missile C ‘
Systems Organization (SAMSO) of AFSC, AS provided active participabidn "

k4 \ ‘ .
S and technical inputs during.the entire project'from 1966. through I969 | ade
4§ AS has incorporated the key.findings and outputs of PIMO in its own JBA- 5
. o - efforts 5 Early in the PIMO project, it Wwas found that many mainteﬂj"'“ o \
. e "_-;"_‘ o '

nance achion verbs and functions were used by maintepance’ people, sgme,*“
with several different meanings. Part of tlis. confusion was caused.ﬁﬁ. # e
-the, language used in maintenancé technical orders which were ) itten by.: -,
different people and produced by many different hardware manu acturers _ C
As a result, maintenance technicians thémselves did not’ generally hse
precise language A study was made to, identify and define these actipn
. . verbs. Where. two or more Verbs were used to dicate. a similar action;
, the preferred verb was selected based on théﬂhxpressed prggerences of a
L e sample of maintenance men, with a wide range of maintenance Air Force: ;
' Specialty Codes (AFSCs) The use of the prefes;ed verbs. 6f this Iist

-«

- : 18 now a firm requirement of ‘Air Eprce technical order specification§ ‘pﬁf
- as well as of refeht:_ Army and Navy specifications (see Joyce, Chenzoff
Mulligan, & Malloery, 1973 pp. 97-442) - V// ‘\? L
Y Working Definition of & Maintenance Task ' R _ A .

. - Within this list of action verbs are a number “of key action verbs
Qfgq;tions) K key action verb, with an appropriaté speaific'bardwaye f .
1)) [{t as its predicate, becomes a tasks statement. - Such a “task: statément- _
'f’ '4re resents a main‘tenande task which can be demanded %y ;pe exi.stence s
ﬁ%}operation of a _specific ma%hine subsystem. A list of theﬁe functions,; .

. * - 1is found in AFuRL-Tqub 43(T) (Joyce, et al., 1973, pp; 139, 20n TThg -
«- . _J/ 1list includes functions which are found (in both&mechanical and electronic _

' jobs . Some apply to- only mechanical jobs and ‘some . apblyrtq both. ) , e
C Yy d- Bt . i v .
o Schemes for the Systematie Consideratibn of Maintenanaé}FunotiOns and-
et Tasks - - R Voo
. '~‘,. . . . s C . H . ” . e - Ce &o;u" ’
f I < A !
?*9 : Three schemes. have“been~developéd for. the’ systematic considJLation g,rf;kn
s of maintenance funbtions and tasks, and tbe key factors that affect them !
‘ AR RS oo r . *# S AR
. s g : N . " 'y * ¢ ' . A e "
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Scheme One-—A convenient model for categorizing these maintenan e
functions with yelation to the type of. hardwaré and the level of
maintenance 1s presented in Figure 1. ' The common maintenance functions
. already mentionad together with the usage of test equipment and hand
tools,are represented on one axis,of the model. Since mechanical and
electronlc subsystéhs usually require a different variety of mainte~-
»* nance gctions, they are represented by another axis. (In regard to
. »»this.axis, mechanical maintenance could be further divided into two
categories, o) represented by hardware such as jet engines, and
another by h re such as airfr.ames and tank and ship hulls. ) ‘
The t axis. Q\‘the model represents the three levels or categories
. Qf maintenance n und.in the military services. .Qfganizational
o maintenance_iéxthk first level.. ii.is usually aimed at checking out a
whole machine subsystem and-corre&ing any- identified.faulty as quickly ;.
4 as possible. Flight line maintenance falls in this categor; A system’
is checked out. I¥ it does not work, the line replaceable "unit (LRU)
r "black box" causing malfunction is identified and replaced. THLs_
.. major component +is then taken to the field shop (intérmediate ma#inte-

corréction, are corrected - The corrective actions, authorized at the

intermediate level, ry"’ greatly from' system to system depending on’

the maintenance conc?st of eath system. (n some systems, the mainte- '

nance man will troubleshaot the 'black box" to the piece part level. 4
In more modern equipment, he will identifyga replaceable module made up
 of many piece parts. Some modules are ®hrowh away; dthers sen to the
‘depot for ¥ X, Any line ‘replaceable units-which the field: shop are
V'.able or‘gna&thorized to repair are sent to the depot for ougrhaul

-w >
Organiqgtional ‘and intermediatg_level Qrganizations axe manhed

s

‘%5'}primarily by enlisted techniciand whpse* average length-of service is
rather shory (slightly more than 4 years in the Air Force),* Depo re
manned largely, by civilian personpel with ‘a much higher levek of: *

¢xperience .and longer retention timef Using this modél, it has been
possible to specify 'areas of/@oncent;atiOn for study. ) e .
( . . .
. +Since PM requirements for maihtenance are so differenh for g“, %?
varioudrblocks indicated in this model, it is‘extremely importJTVEmEER
. PM researchers indicate the precise blocks of ‘their concentxationxfiq
date, AS has concentrated on the shaded electronic portions of this ¥
-, model (Figure 1). / The resultant mddel battery of 48 JTPT together with
“ their symboligc substitutes will be described later.‘ In addition,, a )‘&
battery of 11 JTPT was developed on -an ad hoc basis (Shriver &\Eoley, \
1975) for meChanical tasks at .the organizational level of maint nanée
(see shaded. portion of‘Figure‘Z) The - HumRRO -werk , mentioned previously ..
. (Vineberg et#al., 1970a, '1970b ; ‘Vineberg & Taylor, 197234, 1972b) was ‘
. concerned’ with mechanical hardware - (ta_ And truck) ‘The 13 tedts °
'Ndéveloped concerned’ the maintenance fun'tiOns which araﬂindicated h{
the . shaded portions of Figure 30 v - ATE, .
[ RN 2 AR
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i 4'.”;’L -, Schemé fwot-Maintenance functions have . limited meaning unless %

¢ - .. -épplied to %ec_rﬁg hardwate.. A task idemtificatjion/matrix (TIM).is a‘i -4
S . .extremely effective and necessary- device for\iqterfacihg these mainte-, " .

~ 'nafc€ functions with the appropriate-hardware’ units-ang thds{idént;fying;ﬁ

B ' the mafntenance™tasks, that are generated hyfa_spegi{;§2machiﬂé;subs§§tem4«
(see Figure 4). The TIM, when properly sttuctured, will reflect the =" i7"
maintenance level dt levels of interest, that is ‘Organizational, inter- T
mediaté.and/or depot. AFHRL:TR-73-41(I) (Joyce et al., 1973, -pp. 16-37) = .
- provides detailed directions for developing a §IM. _ N '

Do

)
=
N

S

ce . " Scheme Three--A matter of serious concern when develloping and

- : structuring PM for maintenance tasks is the.interaction amoqg the . o

— . : - maintenance tasks for one hardware. A four-level hierarchyof. e =

. . dependencies can’ be stated. Figure 5 gives a graphic presengzﬁion_of  o ii'
these dependencies among maintenance activitjés for an electron g&;ﬂ;V<§g _ -
hardware.: - _ B T BRI

! N ' C gt
» The checkout of the AN/APN-147 (Doppler ‘Radar), for example, can T
be a task in its owp right. But the same checkout- activity begomes an, S
element’ of other maj tasks such as calibrate. The calibration of
‘doppler radar includes thé operation of specific general ‘and specidl
test .equipments’, the use of specific hand tools; as vell as the check-
out activity. Troubleshooting of an electronic equipment, such as
"AN/APN-147, requires the use of general and special test equipments, :
It may require remove and install activitiessand/or adjust, align, and’
"calibrate activigies. Efficient troubleshooting practice usually
requires the use‘'of a cognitive -strategy ‘to adéquately track the depen-—
dent acfivities (but the cognitive strategy im itself is not trouble-
shooting).. Any troubleshooting task should begin and end with an T
‘equipment checkout. Because-of these “various and varying dependency
relationshipg,. such activities as checkout, remove, install, disassemble,
adjust, align. calibrate, or troubleshoot cannot legitimately be . ° ’
considered as‘discrete tasks, even for one electronic system.
‘£ . * . N
Another confounding factor is the false correspondence® that the -
. same §unctional verbs create when applied to different:-electronic hard-
ware. For example, pérsonnel with the Avionic-Imertial and Radar
Navig#tion Systems Specialist, AFSC 328X3, are maintaining at’least 50.
. —~- major eléctronic subsystems. Many vifhtages of hardware.design are.
.+ «w. #.Tepresented?  ‘The checkout activity for eath is different (both in
#content ‘andydifficulty) and in some cases, very di:ﬁerentRThe lack of.
" correspondence of alignment, calibratiom, and trou eshoot{ng tasks '
f:pm'one‘Specific‘equipment'to another is even greater. -An*example of
the lack of corrgbpondence from one hardware to another is the wide -
difference in~Tthe content. and difficulty ofltroubleshootingugaské .
between two doppler rad¥rs.' The-AN/APN-147, which is used’&h -the C-130
and C-141, has approximately 14,000 shop replaceable units (SRU) whereas

-

ﬁ _ ... the inertial doppler navigafih equipment (IDNE) on the C-5 has only 28 .°
. ‘.’  This lack of corrééﬂifyeﬁte of functions across ‘electronic hardware. = -, -
PR ~‘. : A e ’ = ) Sl T - - oo
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-makes it ‘difficult to genelplize from resul’ts of PM from one electronic ’

hardyare to anothdr. Oné exception isyin the area of general test.
equipment which may be used: in performing maintenince tasks. across many i

va L

hardware subsystems.- ' . . - B
v , A Y 4 '
- “The examples given are characteristic of many of the electronic
mafntenance AFSCs. Similanvproblé qp;p complexity of ‘maintenancé
a

nical hardware, ‘but to a lesser

.Jegree.’ ~_ .
‘" : ’ ' ' o o

%

' §tarting xn .1969, AS . supported-a: modest program to provide~the Air
Force with the * necessary tools for measuring the ability of maintenarice )
personnel to perform the key tasks of their jobs.. The scope of this .

work was limited to the : intennnta of eléctronic hardware at. the'

.orgaﬂizatidhal and intermediate levels (see shaded portion of Figure-lji

"+iThis program has two objeétives: (1) to develop a model battery'of’ C e

. "*develop and try out a seriés of paper—and-pencil symbolic substitute.

ARN

JTPT:together with appropriate scoring schemeg for the measurement” of *
Lthe task. performance ability of electrontc lﬁ?&

effort: ES to be made’ for the’ development of JTPT whi.ch could be easily |
adminisPeted),, and (2) using the  JTPT of this battery\as criteria, to

. ' L 4N
r ., _l " F

tests thav WOUld2P°E§§Ully have,high empirical vali .o e

Criterion Refere ced Job Task, Peronmancq,Tests S

‘.

“

'model battery of" 48 cﬁiterion referenced“JTPT and a test f5'_~i .
administrator's handbook were developed -for mgasuring ability to perform
electronic maintepance tasks. Copies of the: actual imstructions fo

test subjects together with the test admini%trator's handbookware e ST

-available from the Defense -Documentation Center (DDC) ‘as AFHRL—TR-74 57(II)

Part .IT*(Shriver, Hayes, & Hufhand, 1975). The-test administratof'
handbook was developed with step- y-step detailed instructions 50 ‘that
-an individual with a minimum of e ¢tronic maintemarct experience can
administer the. tests ' L. ! R
The battery includes separate tests for the ‘follpwing classes\bf
job activities: (1) equjpment chéckout, (2) alignment/calibration, .
(3) removal/replacement, (%) soldering, (5) 'use. of géneral and :special L
test equipment; .and (6) troubleshqoting. The DopPler Radar AN/APN-147 -
and its.Computer AN/ASN=-35 weq[-selected as- a typlcal" electronic system,
Thig gystem was used as- the. test—bed for this model~ battery he
*soldering and general test equipmént,JTPT are applicable to electronic
téchnicians. The other tests of the batterylapply to tegl ans con-
cerned with this specific doppler radar system. 3@ ajled description

-of the development and tryout of ‘these "JTPT is give =T @l)f

Part I. (Shriver & Foley, 19%4a). . Each class of activity for
was' developed contains its$ indivitual mix of behaviord, but it:“

. mutually exclusive.v As 1nd1eated,;n Figure 5 And Table 1, a four—levell

’ N
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.’b s Development of PM amd Symbol Substitutes'for PM . B
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o

hierarchy of dependencies exists among them.

After considering product, process, and time as to their appropri~
ateness for scoring the results for each activity, it was decided that
a test subject had not reached-criterion: until he had produced a complete, -
satisfactory product. This was a go, no-go- -criterion. e

Table 2 summarizes the number of tests, problems, and scorable '~,‘v»J

' products by class developed for the AN/APN-147. and AN/ASN-35. - The‘

simple addition of numbers shown in Table 2 indicates that there are

48 tests, 81 problems, and 133 scorable products. But these numbers

tell us nothing in terms of the content of the tests. To say that one
test subject accomplished 100 scorable products while another accomplished

© 90 tells us nothing about the job readiness of these individuals or . -

“that one is better than the other.. The varieties of scorable products

are so diverse that any combination of them, without regard to what they
ingless. The only meaningful presentation 6f such: hA

'i;’terms of a profile designed to attach meaning to'"’
fiple of such a profile is shown in Figure 6.‘£(~‘

M

information must~yl

Tabfeé?2%* Tests, Problems, and Scorable Products

. ) | ‘ e v Scorable .
Class Code Tests”~ Problems Products _
1. Checkout ’ co 2 2 2.
2. Physical Skills Tasks PT 2 5 17

(soldering) : C , ) _ :
3. .Remove and Replace RR 10 10 20
4. Test. Equipment :// % SE 7 37 ‘ 67
5. Adjustment e " AD 6 6 . 6
6. Alignment - AL 10 - 10 10
7., Troubleshooting "~ TS 11 ° . 1 11 ~° t
Total 7 48 81, ~\ﬁ33'

This profile is not presented as the final solution tof}ké profile
problem for JTPT for elactronic maintenance. It does conta¥n most of

‘the important information regarding a test subject's job task abilities

as measured by the test battery, indicating the subject's strengths and

] weaknesses . -

,\: s

An examiﬁation of the profile (Figure 6)~indicates that most of
the tests in this battery- .contain only one problem. For example, there
are two checkout tests having one problem each, and there are 11-- -

.troubléshooting tests having one problem each. There are two soldering

- . testd; one has two problems and the other has three.v The voltohmmeter

.‘\\

( M) test has 20 problems : - . , ;
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‘«gcores in terms of meaningless numbers.'

‘In addition to such interruptions to" the cog

./ equippent. In the symboli¢ substitute Ta-/
-/, pitfdlls of the actual task were ‘avoided.

‘ [

i , - y . s »
The subject receives no "credit" for a problem unless he ‘obtains

all of the ‘expected products. No attempt.As made to combine these

e

Ihe hierarchy of dependencies discusé.vareviously (Figurew26 has
implications for the order in which tests are administered, as well as '
for diagnogtics. For example, since troubleshooting‘includes.the use.

of test equipment and other activities in the hierarchy, logie; 'would.,
dictate that in most trainihg situations the adminiwtration off the tests
for the sub-acti/ ities would precede the troubleshooting tests and that

a test subject yould not be permitted to take the trodbleshooting tests .

until he had pgssed these other subtests. Under some - eircumstances, one

' may wish to re efse the process. A subject who successfully completes
leshooting or alignment_tests can.be assumed.to be Pro=__ .. 1.

selected trou

Figure 6).

ithe-job time of the test subjects, more’ equipment, and specially .
test administrators. Therefore,: the availability of empirically
valid’symbolic substitute tests would be highly esirable. Even though
previgus attempts to develop such tests as the Tab test (Crowder,
Mbrrison, & Demaree, 1954) had failed, it was our opinion that much more
work/could be done to improve symbolic maintenance . tests as substitutes
for /JJTPT. It was hypothesized that higher correlations possibly could be .
obtained by a different approach to the develgpment of symbolic tests.

A study of the Tab Tests (Crowder et al., 1954, see Table 1) indicated
that the JTPT used as the criterion medsures /contained many distractions

‘and interruptioris to the subject's troublesh oting strdtegy (cognitive

3tain test point information.‘a
itive process, the subject

ain faulty test point information by,the improper use of his test -
ests, all of these potential

{The subject was- given a

ﬁrocess ; such as using test equipment/to o

esized that the injection of
ptitutes possibly would increase

printed test point readout. It was hypo

PR

t
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A companion- raphic symbolic test was developed for each of the job
activities for which a criterion referenced JTPT had previously been .-
. developed./ Based on two'limited validations, all of the graphic -

" symbolic tests, with the exception of the symbolic test for soldering,
indicated sufficient promise to justify further consideration and -
refinegient. Table 3 indicates the cdrrelations obtained fgom these o

* Validations * Due. to a shortage of available subjed¢ts, the number of "E'f{
pairs’of subjects was extremely small. . AIl™ of these promising graphic = - °
symbolic tests, therefore, must be given more. extensive validations
using,larger numbers of experienced subjects
./« The validation of any such symbolic test requires the adminiBtrav. :
~tion of a companion JTPT as a validation criterion. _As a result, I
Validation is an -expensive process in terms of equipment and' experienced
manpower. The troubleshooting symbolic  tests require the most extensive
refinement. Several suggestions are made for improving their empirical

-validity. A complete description of these symbolic test efforts can be
found in AFHRL-TR+74-57(III) (Shriver & Foley, 1974b) An attempt, also,
was made to deve1‘$nvideo symbolic substitute tests, but this effort -
produced no promis ng results (Shriver & Hufhand, 1974) :

v

. A -
.y e
e K

- ’ R
. . e

. / S Even if graphic symhplic substitutes of high empirical validity
/" °" can be produced, the use of symbolic substitutes will never, in.my

/ opinion, dispense with the requirement fo¥ the. liberal adminﬁstration ,

' of actual JTPT to maintenance personnel. We can never include all o ’
aspects of the actual performance of a task in a paper-and-pencil

symbolic representation of that task, but our work indicates that we

can come much closer than has been done .in the past. _ /‘.‘

\

The Sampling Prohlen

\
Timewise, it would be impossible to afiminister a JTPT to a. mainte-

nance man for every possible task that his hardware system might produ
This world of tasks and people must be sampled. The model battery s
described previously provides a sampling procedure based on major task K'
functions such as checkout, align, adjust, troubleshoot, etc. "But even
this sampling across possible tasks resulted in.48 tests and 133 scorable

- products (Table 2). It would be impractical to give any one test subject
all these 48 tests at any one time. Systematic sampling schemes must
be developed across tests. . :

The purpose for which JTPT results are to be used should be consid-
ered when developing sampling schemes. Such purposes could include '
ascertaining (1) the job task proficiency of an individual, (2) the y
job effectiveness of a training program, and (3) the proficiency of a

- maintenance unit. Each of these purposes would requiré\a different mix
or mixes of tests and people. Some suggestions for such samplings can
be found in AFHRL‘TRF?A‘S?(II) Part I (Shriver & Foley, IR74a). But it

! should’be remembered that these are suggestions that must Nill be field
tested. ’ ‘

/
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o " In the case of determining unit proficiency, some JTPT can be

~A§/ . administered by on-line observation of tasks which are often repeated
such. as checkout. There will always be a requirement for off-line PM
concerning critical, but seldoﬁfﬁprformed tasks. Whether the JTPT is

. ' performed on-line or off-line, the test -administrafor must use the same

LA objective scoring procedures, the criteria of success being an ~

acceptable product. . .
L ‘ . “ . . .

Consolidated Data Base to Support PM

In keeping with its man-machine in;erfaée orientation, AFHRL/AS is
demonstrating the technical feasibility of integrating five human
resources related technologies_and.applYing them during weapon system- S
development. This is being accomplished under Project 1959; "Advanced- - - ¢—-v
System for the Human Resources Support of Weapon: System Development.” . =~
The five technologies.are: o
. Human Resources in Design Tradeoffs -
Maintenance Manpower Modeling

Job* Performance Aids . ~ ‘ ~
- Instructional System*Design o S
) System Ownership Costing -~ -
. S 4 ., “‘ .t
One objective of this progrémfié to_detezline the data input R

requirements for and prepare specificatiens for a ‘consolidated maintenance .
task identification and analysis data base which will support the
integrated application of these five technologies in’ 4 weapon system
development program. We: feel that such a éongolidated‘datx base wilkl
contain most, if not 'all, of the -information whidh,would be required to -
develop good JTPT provided the tests are developed: in keeping' with the
technology described in this paper. If 'such. a data bdse 1s demonstrated
to be technically feasible and 1if it‘is\routiggly“méag"a requirement in
,weapgn system development contracts, it w{il_provide considerable

t

ms

agsigtance in developing maintenance performance testg for new weapon
. Syst . ) ' & SR ﬂ ". . . " \l“
. - ) \ s . . S S :
, . P . . i T * % v - '
Institutionalizatign of New "I'echno‘logge's.' o Lo
’ . I S Ay :* L
g Getting newly developed technologies such asiﬁysgnsticutiqﬁalized_'

is a perennial problem, especially when a tedhﬂlegj“fequixg? fundamental - " -

changes in long existing programs, procedures, gnd gttitudes of entrenched L

establishments. AS has been involved in'the‘implementation4’f,aeveral'well '

developed ard documented technologies, such. as job perfotmance aids and

instructional system design (ISD) including programmed instihction and

job (task) oriented training. These experiences have indicated that it

is extremely difficult to maintain the integrity of a technology during

its so called: implementation. Operational o;génizatidns,invzziably

attenpt to implement a much "watered down" version of the teghnology
- a1? consequently obtain much 'watered down"' resul;s. "In some cases,

. . J‘\ -

[N

-
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. - ' ' L
: only cosmetic changes to existing programs are reported as implementa-
" tioms. Currently, it requires many years of persistent effort on the
.part,of the research community tp get a technology properly institution-

alized .

h ’

A mechanism must be developed for the’ timely institutionalization
of each new technology which will ensure its integrity. A mechanism
for the orderly implementation” offtechnologies, similar to that. used
Or new weapons systems, is recommended. Such a mechanism must make
fficient and effective use of the "know-how" of the developers Of the
chnology and make them responsible and accountable for its implemen~-':
tiation. A new technology should not be turned over to a using command .
its operation until it is in place,. "debugged" arid operational--just I
. -..as\ia new weapons system is not turned over to’ an'operational'command Coe
°  until it has been "debugged" and proven to be ready for operational use._,"

4

Proposed PM R&D Efforts for Maintenance

Excessive maintenance costs are never going to be reducéd as. long
as w don t have JTPT and/or empirically valip symbolic substitutes to

In my opinion, the lack of such measures of maintenance _
nce is a most serious deficiency in DoD. As su¢h, R&D in this
should have an extremely high priority. _ s

jobsav
perfo
‘area

. o
.,

\J K . . ,/f ) ) ’ ‘. o :
. /.
For a gdyg—range R&D effort, five general areas of concentration

or R&D Concentration . ’ o .

are rec mme d: namely, JTPT and matching symbolic subgtitute tests
ettrdnic maintenance, JTPT and matchin symbélic Bubstitute tests

lanicalfmaintenance, and' aptitude tests based on PM. - The:
, 1o "ent,and field tryout of a JTPT must precede the development of

- i;s symﬂplic substitute. The wortk on JTPT batteries for both electronic
. ang! mech nical maintenance should be started as soon as possible. The"
* " work oﬁ dptitude tests should not be started until JTPT batteries and
the stbollc substitute tests have been completely field tested: More
information - concernlng these areas of concentration follows.

=

\

‘1. Refinement of Model JTPT Battery, (Electronic Maintenance)--The

already available model JTPT Battery (Shrivkr, Hayes, & Hufhand, 1975)
should be given a large scale field tryout.- (Since the AB328X4 Avionics
Inertial and Radar Navigation Systems Specialist Course which includes

(f the AN/APN-1%7 and the AN/ASN-35, does not emphasize the mastery of job

tasks,; the equipment specific tests of this battery cdnnot be used in 'y
the formal course.) One thrust of this effort should be to further .
refine .the baﬁtery including its’ administrative - procedures.. A, second
thrust should \be the development of sampling strategies whichqwould be

_ appropriate fo& determining the effectiveness of training programs .and
both individual and unit proficiency as- discpssed earlier under PM

\ ) % 3 s
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oy ‘ ) . S o
problems This efTort would requin’“approximately 2 professional
man-years plus the use of maintenance speclalists as test,administra—
tors from the appropriate maintenance specialtfes. If it is necessdry

8 ' to select a .system other than the AN/APN-147-AN/AJN-35 combination,

: “. this work would require approximately 4 professional man—years

‘ ‘.fﬁff: . 2. Refinement of Symbolic Substitutes (Alectronic Maintenance)-—As

" previously indicated, a number of symbolic substitutes Tor JTPT were .
-developed and given a limited tryout. Table 3 indicated that some of

" the symbolic tests show promising empirical validity:.y These promising
symbolic tests must be more thoroughly refined and validated. In - }
jaddition, further exploratory ded!%opment is required for symbolic i

. substitute tests for troubleshooting tasks in keeping’ with recommenda—'~

' tions made in AFHRL-TR-74-57(1II) (Shriver & Foley, 1974b)%- This *
effort would require between 3 wand 4 professional man-years plus-. the

'use” of maintenance specialists as test administrators and test sadbjects
from the appropriate maintenance specialties

B I
. Table 3. Indicates the’ Numbers of Pairs Used as Well as’ the x
S - and the Correlations Obtained During Two Small
Lden o ' Validations of Symbolic Tests o
; . ' " ) N '.‘ - ‘ ’ N P ‘ e
Test Areas Pairs ) X ¢ re

Novice Subjects (Altus) ' o

Checkout ' 4 4.00 - ,1.00. -
Remove & Replace 14 ' 2.51 .43 -
Soldering Tests o b : 0 -0 - '
General Test 'Equip- - 6, - 2.67 . .67 .~ .
- Special Test Equip 6 . .67 C.33. -
i Alignment/AdJusqne nt : 19 6.37 . ..58 -
Troubleshooting ‘9. - 1.00 .. =.338 - R o
; Experienced §ubjects (TAC) ' . . .- l~
Overall Troubleshooting 30 6.53- 47 .68
. Chassis (Black box) . .. ‘
, .Isolation . 30. 16.33 .73 .81 7
. Stage Isolation s " 30 - 3.33 . .33 .46
Piece/Part Isolation : 15 .07 .07 . .16

a4This negative correlation was probably due to a number of
deficiencies such as (1) deficiencies In the Fully Proceduralized Job

Performance Aids provided the subjects, (2) deficiencies Iﬁ the

»seﬁueneing of the troubleshooting JTPT in relation to the sub-tests

in the JTPT battery, (3) maintenance difficulties with the AN/APN-147
AN/ASN-BS system, and (4) difficulties with the content and administra-~

* tion of test equipment pictorials provided in the original “trouble-
' shooting symbolic tests.




3. Development of Model ‘JTPT Battery (Mechanical Maintenance)--A
model JTPT battery similar to the model battery for electronic maintenance
described previously should be developed for a typical mechanical sub~
system such as a jet engine or tank engine covering both the organiza~
tional and.intermediate levels of maintenance. This model should be

P thoroughly field tested. -Sampling strategies_ ‘as indicated for the

o'+ -electronit battery should also be developed. This effort will require

o approximately 4 professional man-years plus the -use of maintenance men

. from:the appropriate maintenance specialties as test administrators .
and test subJects _ ; .

A S ﬁévelopment of Symbolic Substitutes (Meahanical Maintenance)--~~f— —
LR An attempt. should be made to develop symbolic substitute tests with ‘high

- +empirical validity after the model JTPT battery is available for

mechanical maintenance.’, The same contractor should develop these

symbolics as developed the JTPT battery. A very rough estimate for
accomplishing this symbolic effort would be 4 professional man-years.

5. Job Aptitude Test Research Based on Results on JTPT-—R&D plans Sy,
should be made to utilize the results of. JTPT and symbolic substitute - -
tests for standardizing military aptitude dndices obtained from the

: Armed Sefvices Vocational Aptitude Battery (ASVAB). As a first step,

-~ the ‘military aptitude scores of dll test subjects used for the : tryouts
in ‘the proposed JTPT R&D should be recorded. In addition, such apti-'
tude scores should be obtained during any school or field administration :

: .of JTPT or symbolic substitutes. When sufficient data are obtained,

. the degree of relationship beuween JTPT results and various aptitude o
indices should be’ obtained. Later, when a sufficient number of JTPT *
are used in the field, a’'formal R&D project should be initiated- to .
modify the ASV to directly reflect job success.as measured by(JTPT.

’

o -

ReD Strategy | R

Probably the most cost-effective approach for PM for both S
electronic and mechanical maintenance wowld be to concentrate .on -the,
development, ‘and refinement of JTPT on use of key test equipments

--prior ito proceeding w1th the other task functions of the proposed o
.model test batteries. As indicated in Figure 5, :the use of general /" Lt
. test equipment is a prerequisite to maintenance task functions such RS
' as alignment, calibration, and troubleshooting. In addition,,general';
test equipments usually have wide usage in such task‘functions:across ‘-
many hardware systems; and there is a substantial amount of data .
which indicates that many maintenance men are weak in their. test-
‘;equipment ability. So, a general improvement 4n ability to use’ test
"3equipment is an, important and necessary factor for ‘the general improve-
ment of several 'maintenance task functions. I would strongly recompmend,
.....  therefore, the early cohcentration for the proposed model test hatteries. -
+ '\~ ..4n this area. Each PM development .for a test ‘equipment should be'.
o accompanied by the development of a programmed training package with

— " . . N ' _ -
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sufficient practice frames for teaching the mastery of all its -
functions, Basic models of such_training'packages for 12 general test
equipments are not available (see Scott & Joyce, 1975a through 19751).
However, more practice fraimes sgpuld be included in these programs. 4
* \

Closing Statement

?

Mbintenanglpof hardware is currently an extremely costly operation
for the DoD. High maintenance cost is the primary cause of high
systems ownership cost. For some electronic maintenance specialties,
nearly 1 year of broad formal training is given first enlistment
personnel. And maintenance training generally is long and costly.

Even with such lengthy training, the efficiency of maintenance could
be greatly improved. Improved job instructions and information as
well as increased use of job (task) oriented training have great
potential for decreasing maintenance training time and improving the
job performance of maintenance tagks. But to realize such potential,
the c;iteria'for the personnel system (selection, training, assignment,
and promotion) for maintenance personnel must be shiftéd to the
demonstrated ability to perform the tasks of their jobs. (The current
“criteria emphasize the ability to obtain high scores on paper-and-pencfl'
" theory and job knowledge tests.) : .
_In this paper, I have discussed what I think are the important
aspects of the criterion problem as it applies to the measurement of
ability ‘to perform maintenance tasks in training and on-the-job. Our -
objective in its solution is to get as close to the real job as )
possible. When "on-line" tasks occur often enough, thdfir structured
. observation may be appropriate. But when such observations are not
appropriate or when tasks occur infrequently, we propose to have the
tasks perfosmed "off-1line" in a job-like environment. Our approach to
the development of such meégures was started with an analysis of ‘the
structure maintenance of the man/hardware interface._ Based on the
results of this analysis, we developed a model test battery of JIPT
for electronic maintenance. Using this model as the criterion, we e
also developed batteries of graphic and video symbolic substitute -
tests. Several of the graphic sympoligs have indicated respectable
empirical validities but require more refinement and tryout. Our
attempts to develop video symbolics were unsuccessful.

I have recommended a research program based on what we have a}ready
accomplished. This includes the development of a model battery of
JTPT together with qymbolic substitutes for maintenance tasks generated
by a typical mechanical hardware. I have also discussed briefly the
perennial problems of getting new technologies such as JTPT imp emented.
There is definitely a requirement for a structured mechanism which will
guarantee the orderly institutionalization of such technologies as well
_ as their integrity during the implementation process.

(] . .
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" Extraneous remarks by Dr. Foley ) .

\ .- . ’
. . I want to say something-here. I said, "for reducing training time."

w

FOOTNOTES .

' o
I want to make it clear that I didn't say "reducing training cogt,"
because I've been accused of that. Your training costs, when you

get into job-oxmiented training, go up--or at least stay thé same--
your training cosgts per course are probably about the same. The

only thing is tWey're more costly per week, but by reducing~tfhin—
ing time you do reduce cost as time in the field, for the more * -
time you have a man in the field in his first enlistment, the less
often you have to replace him.

-

Now, we don't have quite that bad a situation, but we cover up
that situation in the field of maintenance by gobbling up a lot
of spare parts, and that's been costing us all kinds of money:-.
Anytime we can get our hands on spare parts that have been turned
in, we find that a great many of them are still good but they ‘are
destroyed because people are what we call "shot-gunned¥ _and f&und

" a faulty part by removing and replacing a large number of good

parts. . .
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lWhen we first began struggling in this, wonderfully complex area 'of
criterion an®lysis and development, we were almost overwhelmed by the
assortment of special and seemingly divergent problems associated with
criterion .variables. These were problems that seemed to be unrelated,
to predictor research, and even unrelated to each other.' “¥or instance,
how ultimate should a criterion be? Are we trying to,select people, who
will do well in training, or those who %ill perform sétisfactorily on
their first job, or those who will.get through their first hitch, or * .
those . . .? Previous work (Ghiselli & Haire, 1960; Prien, 1966) shows ¢
rather clearly that those subjects who are high on some proximal
standard are not necessarily high on any of the more distal ones.

B

Also, what is the best way to collect criterion information? s
Ratings are cheap and they have a certain ring of truth to the rater, -
but we know that ratings rarely work well, particularly in the opera-
tional situation. Assessment centers and job-sample data are far too-
expensive for routine evaluation of 8ubjects, and there are certain
conceptual difficulties even with them. How does one collect performance
data in one situation in such a way that the scores issuing from the
exercise are comparable with scores on other people doing essentially
the same work but in a different conditiop, with a different supervisor,
and a different social climate? ' How does one even demonstrate that a
particular criterion variable is good or bad? Somehow, it jars to talk
about “'validating" a criterion. . . .

'All in all, the most serious difficulty we had*was the lack of a
philosophy or orientation. We needed some way of organizing our
approach, some framework which might systemdtize our thought and our
effortd. We have come to. a way of thinking about the problem which,
at leagt for us, has proved somewhat helpful. '

Let us cbnsider what we mean by the word, "criterion.'" Of course,
thepe is the purely statistical meaning of the term, which means simply
a target variable which we are trying to reproduce by .appropriate _
mathematical manipulation of other variables. Statistically, the )
‘criterion could be any variable, and the predictor could be any other
variable. But I am referring to the conceptual meaning of "criterion,"

.
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distinct from the word "predictor. Let us examine some of the . )
fFulty ideas I have helq for several years about criterion and predictor '
/variables. I'don't know #f anyone here has ever held these "ideas, but \
I do find them rather widespread We are not talking here about formal T
// definitions, but only abqut convengional wisdom, ‘ . :

. Example 1. ~Predictors are aptitude-type variables and eriteria are -
acﬁievement measures revealed by some kind of performance. I grew up /

» with this idea, and I have since found it to be a fairly common miscon-
‘ception. Actually, practically all psychomedric variables are achieve- -
‘ment méasuPes. We are not by any means the first to notice this
CTkorndike,.1926,rEstes, 1974). Tests of verbal aptitude, for example, s

. are usually tests of a subject's current achieved ability to perform :

. with words.® All aptitude measures that I can think of are really tests

4 of achievement, just like criterion tests. On the'other hand, it is e

genera11y accepted that the best predictor of future achievement is Ty

past ,achievement. Upbn"- examination, then, this distinction between

criterion and predictoy disappeari .

i . - Example ‘2. Predictor variables. usually represent something "besic"--
. perhaps even genetic--while criterion measures repgesent some sortﬁof ) “‘/
u1timate achievemént dcquired by the subject- through training or f' o/
experience., This disthnction may be partia11y true) in that development - * /
of characte&istics continues - from birth to death. But we think it is
- Aot .true in the sense in which it is frequently understood. To,use
« verbal aptitude as an example again, there is no substantial evidence
for the exigtence of verbal aptitude ‘as a basic dimension of hyman .
-analysis, ;

s

yf ability except that it appegrs—in one particular kind of- factoi
» and even then only i{f the data are collected on. subjects oldey than a !
. certain age. We think 1 kely that there are basic aptitudinal under- °

layments, probably genetic, but that these are far more simple and / K
fundamental than the Thurstonian aptitudes. There are probably some :

very raw indiyviduali differences present at birth, similar tg Horn's
aolage functions (1968) or Catte11 s fluid intelligence (19 1) ;

.o K P s v

To 1et Horn speak for himself.
ﬂ‘ ) . '(The Anlage function) represents very e1ementa/y » i
; _ * capacities in perception, retention and expression, |
v as these govern intellectual performance. For - C
example, span of apprehension--the number of / T
distinct e¢lements which a person can maintain/ in
immediate awareness--is‘:an elementary capacitly and w
yet one which determines, in part} the compleéxity. '
with which bne can sucqessfuily cope in an
A intellectual task. It would seem that such
' capacities are not much affected by learning--
anlage.'functioning is closely associated wi h
neural>physiological structure and process—-
but that such functions operate/to some extent

1
i
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% in all iftellectual
vdriance in al]l abi

. ‘ . )
erformances and thus produce
y'measurements. . /

Exactlyrwhat the anlage.fphctions are, or eve how many of them
there are, is still a matter t be determined by regearch. Whatever
they may be, they are seen as fmmutablg individual ifferences—- £
s E probably genetic-—which remaip/ stable and constant throughout the life f,

" of. the'individual. .As we shal‘ see’later, the anlage functions can f

become ‘overlaid by a considergble depth of learned material, ‘so that :
thedir pbservation as pure chayacteristics is very difficult, but th;ﬁi . v;’/'

" exist - nonetheless, in abgut’ é same quantities as they ‘existed at '
v birth. ." o o : ./g
? oo j,g . - Wi
It is only -after certain”qther easurable conditijens have oc¢ “

and have ingeracted that somb hing as advanced as ver%al (or nume f
or spatial)- aptitude developgl to a measurable degree. ' Thus, it {85
entirely logical that in som situations a test of verbal aptitudil

¢ to be. predicted by the more basid A

- “be used as a: criterion meas 5
= ' functions. Similarly, latet developments (say, .performance in P
_ 201) might with equal logic[constitute a criterion to be predic {“

‘verbal apqitude test, and some other behavior (say, progress ag ; af

psychologist) may be predicted by’ grades in Psychology 201. Tn cum; ! ~,

v _ then," t-fre is nothing ultimate about any "criterion," and nothihg basic XE
about: any! 'predictor" with the possible excepticn of those unknown T

unctions we just mentioned. e : . ,f' .

ijle 3. Predictor varigbles are simple factorially pure ,
‘land . criteria are complex. Since development normally. procpeds : ]
. simple to more complex, and since criterion measures are ’ N

) a¥ Bense. However, there is nothing absolute about thig @ﬂu-
- principlf,i either. ¥For example, the last, time I looked, the .gg’{

: edictor of college performance (a-criterion) was hﬂg iisct
perfo: 'fca (a predictor) There are other, much purer, p %ﬁ(‘
measures, but they don't ordinarily do. as good a job as thfi

‘e complex»yariable ‘of ‘high school grades. ;

‘ Ex / Predictor data are collected at an earliej
criteribn data. So far as we can .tell, this is: the only gé
ment one can dccurately make about the distinction between:
and predictors. All the other distjinctions, as we have se¢
disappehr entirely upon examination, or exist only partiall&
some offthe ‘time. . .

Sogwhere does all this lead us? It seems to me to leaj
conclusion that there is no such thing as a.''criterion’ pro”,v
distinct from '"predictor' problems. There are. only measuremklf
problems, equally applicable to all measurement, whether pre o]

) .criteria. The measutbment problems congern the best ways to Q' £
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energy. Of course, we don!t yet

current status data, whether we callvlh data predictors or’criﬁeria,
at various points of a subject's careqf¥. o

'When wé'speaﬁ of current statug data, we are talking about
achievement or, more precisely,’ intgllectual development. We believe

that’ intellectual development procéeds in some exponeritial manner, so
- that learning.is built on learnin

four general .ternis; previous learnigg, potential, opportunity, and

' W the exact formulation of the
postulated relationship, but we fedl that it should be something like
Dy =Dy (1 + 1), where Dy means/dgvelopment at some later time, Dy
means development at some earlier /time, and "t" refers to units of
time separating the two developmeptal -points. The term "i" is a
deceptively Mimple-~looking term, which is anything but simple. It
refers to some interaction of po enéi;l (the anlage functions), oppor-
tunity (measurable in a very de depree by experience and training),
and an energizing function (bgth physical and psychdélogical, fncluding
interest, motivation, and.si ilar concepts). This formula produces a
constantly accelerating curvi- iké those shown in Figure 1. Obviously,
this is not yet a very practichl working formula--there are {oo many -

- unknowns in the terms--but it /does have some use. to us inohe'ping us

order our thinking. For exﬁlee, this formula tells us ghat two.
people with different potentijal can-.arrive at the same state of
development at the same t;%e because of differences in opportunity and
enérgy (lines A and C,.Fi¥‘r 1, converge between t5 pnd't6). Our
practical experience tells us that, indeed, this sort of convergence
does occur. Also, this ot}kntatien suggests that the best predictor

of some developmental poiny (a criterion) is the nearest' practical '
earlier péint; measured ;u'ly. Otherwise, ope must know much more than
one usually knows about ‘opportunity and energy, since the longer

. the time period separating the ‘two points, the larger ''t' becomes in

thg‘éguatiqn, and the more important opportunipy and energy become. ~
It has helped us a great;deal- in thinking about intellectual develop-
ment, and criteria are, 4s ‘we see them, only points on the curve of

intellectual development. .

. We have said theiefis no specific criterion problem--only ° -

.measurement problems, . Heaven knows these problems are severe enough:
- As we look at them, they fall into several dimensions. Keep in mind

that all subject asgessment, whether taken earlier as predictor infor-
mation or later as criterion data, can be collected in the e ways
and are -aff}icted by the same difficulties. There are no. gpecial

difficultiey unique to either predictors or criteria. 4

Kind of Data/. MeaSugsyenL data can be collected in many ways. Some of
the most rtant ways. are: : :
%
1. Ratings. We can ask the subject or someone else to give us an
opinion.” On the .relatively low level of measuring aptitudes, we have

loql‘j t .

ﬁ

cording to some interaction amohg -
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been able a long time back to move from opinions -to tested’performance.

e .One reason for our success in that area has undoubtedly been our
ability to validate and refine aptitude test ideas against various
criteria. But we have not been so successful in this respect in, our
dévglopment of criterion measurement ideas. Possibly one reason for

“our lack of success here has beep that we have not seen criteria for
what they are--pointts along a development continuum followed by other
points against which it should be possible to validate them. When we

" look ,at criteria in this way, it deems to me -that, we don't haye to
settle 'for the desperate position of Nagel_(1953), Brogden and Taylpr
(1950),,and hers that criterion measures by their nature are always,

. jtidgmental (i.e., not subject to Verification). e can validate

criteq}a‘against later/ criteria %nd proceed with igerion debelopment'
in much the same way we havé don€ with predictors. When we have brought

the state-of-the-art a. little higher, we can perhaps dispenSe with. "
ratings as c;iteribn/ﬁa;a, justs as we have done:on the predictor side. - °

‘We shall see later that there is angther, probably more important,

reason that we use ratings so often as;&?iseria. At any rate, ratings

. are now used much more often to collecy criterion data than to collect

predictor data. There are a few thinfgs to rgcommend ratings--they are
quick and cheap and, under the right nditions, they can Be made to
yield useful information. about the ratee. On the negative gide, some
problems inherent in the naturé of rating.data loom very layge. °

4’ .
There appear to be individual differenbés (as one sholild suspect)
in the ability of peuple to assess other peqgple accuratelf. We are

doing work on this.phénomenon, which Mr. Weeks will tell you about
later. Furthermore, even good raters are often put in a situation ,
which militates against the collection of good information. If the .
ratee is to have access to the rating and “if the rating is to influence
the ratee's career in any way, it is not likely that a supervisor will
produce ratings of his people which can be considered a good assessment
tool. The supervisor is placed-in a position which requires him to
perform two mutually incompatible acts. As a supervisor, he is respon-
sible directly or indirectly for the morale and energy of his work
unit, which calls for support by him of his people; but he 1is also
required to render an objective and accurate apprgisal which is likely

" to damage some or all .of those same subordinates. It is a rare super-
visor who can do both. As a result, all the operational rating systems
that I am aware of sufter the usual inflation of means and compression
of varianee. I do not believe there is any way that a useful criterion
can be collected intthe milita:ry enviréument from supervisor ratings
collected operationally in the usual way, so we have to look ¥or
innovation. We are doing work which we think will alleviate this problem
somewkat , and I shatl report mure fully on this effort later.

5

2. Job-samplc Lusts bl sample lesls, lu thelr usual ftormat,

arc prohibitively expensiv.. tur vperatlogal use. 1 say this despite
the comments of several ast.te .bservers (e.g., vtis, 1953) who have

. lus .
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pointed out, in effect, Hfhat since good criterion information is
absolutely basic to all- peréonnel actions, we should consider any
expense connected with' its ¢ollection ‘a very good investment. We - |
believe that a certain amount of actual -job simulation, or assessment
‘center type evaluation, must be avarlable for research purposes, but it
is probaifly impractical to consider this kind of criterion for anything
other than experimentation or in ‘the evaluition-of less expensive ™
methods. We are embarking on an effort: ﬂo capture as much- of the.. =~ .
essence of a job as; possible on metion picture film, which can then be
used as a test stimulus. for collecting riterion information in“large.

L4 I3

grbups, thereby reducing its cost. app e iably : LA
3. - There are, of course, other ways to collect criterion informa— . Jif
tion (e.g., paperrand-pencil tests), all of which pose problems which -

eventually we shall have to address. Some of the work we are doinggis

+ on paper-and-pencil criterion tests, the items of which are selected to”
maximize diffetrences between subjects at different career levels. :Fak

regardless of how the data are collected, there are ‘other dimensions’

of problems which must be  considered also, so we must move on. -

P o

Use of Data. .

Criterion data can be collectedffor many purposes--to promote, to
serve as a target variable for predictor tests, to indicate need foy -
training, to be used in reassignment of duties, and many more. When we
consider a particular set of criterion. data, we should clarify as early
as. possible what use is to be made of it, since the use may affect
decisions as to how, when, and from whom the data should be collected.
Most of our particular effort in AFHRL 1is directed toward development
of some reasonable target against which we may validate our predictor
tests. Historically, we hdve used technical ‘school grades for this
purpose, but the Air Force is rapidly moving to self-paced training,
which poses very sérious and rather obvious difficulties for psycholo-

' gists who are charged with the development of selection ‘procedures.

Anyone concerned with the development of criterion instruments must be
concerned with problems in the use dimension. We have all seen . r
criterion ratings collected which were a hodge-podge of attempts to

evaluate a person's current status, his future potential, and his past
performance all rolled up willy-nilly into one exercise.

The use should be clarified and stipulated as early and as
thoroughly as possible, and decisions taken at that point. For example,
a criterion may be needed ms a basis for rewarding past behavior. 1In
that case, criterion information obv ly should be limited to past
behavior--ratings of potential are somewhat inappropriate. On the other
hand, management may want to know which of several candidates is most
likely to perform well in some new job which has opened up. In that
case, ratings of potential would be preferred (incidentally, notice that
ratings of potential are not really criteria; in the traditional sense--
.they are predictors of future performance, even though ratings are- used

104 ‘ ¢
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to collect the in¥formation)| Or perhaps the reason for colleétion pf
the data may be to decide w?ether or not to train particular employees.
If so, perhaps a comparison (not a conglomeration) of current accomplish-
ment and pot®ntial would betin order. The point is that a whole
constellation of problems revolves around the uses to be made “of
critgrion informatiop, and that a great deal of thought should be/;iven

. to.the projected/use of the infprmation and the time line of Yntellectual
development befbre the. first :step is taken to collect the data.

¢ : -

'Level of complexrty.
W

Still another dimension of measurement problems 1s created by the
fact that intellectual development proceeds from more simple to more

(\

complex. S N
1. The economics of rating attractiveness. It takes longer and
longer to observe all the necessary performance elements the further one
) moves along the continuum of intellectual development, since learning ;
# - - bullds upon learning and current status consequently becomes more and
' more complex. This is perhaps the primary reason why ratings have been
used and will continue for a long time to be used 80 prominently in the
collection of criterion information. L. , . .

If one i5 measuring complex behavior with tests, he must be prepared
to require his subjects for longer and longer test sessions. One can
- measure physical strength, reactiom time, visual acuity, and other

simple characteristics in only 2 or 3 minutes each.- It takes about
a half-hour to get a reasonable measure of verbal ability. I uld
probably take at least 2 or 3 days_ of testing to get an adequate sample

. of behavior which would indicate a subject's proficiency in, say, i,,

' aircraft engine repair. 1Indeed, we have seen reports describing some
proficiency tests that require up te ll.A%ys to administer (McKnight & -
Butler, 1964)

One assumes that a rater has already observed the compléx behavior
of interest for seyeral days, and, given the proper conditions, he can
report it with someQbjectivity. There is great appeal in an assessment
metric which can be llected with no cd;: of subject time and very
little of supervisor time. We have not yet been willing to pay the
price of obtaining more objective and more accurate test data, sb we
sacrifice the greater objectivity of tests for the great convenience of
ratings. Furthermore, ratings can be collected on any level of compiexity
desired, and I suspect that is why rating data collected in one situation
frequently predict rating data collected in another situation,, despite
our certain knowledge that most sets of ratings contain many flagramt
errors. The very fact that ratings can be made of very complex, .
behaviors, compared with tests, means that we cap reduce the distance
between D and Dy in our formula and thus reduce the very impogtant
effects of potential and energy not well measurable at the present time.
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.We do not contend that this is as it should be, but it appears that this
is the way it is and will continue to be; so we believe a strong attack .

H&Q on rating problems is of prime importance. Some of the rating problems

3

~

that come immediately‘to mind are: . . _
y .

a, How lmportant are the old reliable problems, such as halo,
. leniency, and‘ the like? . ) .
N .6 ) .
b. What kinds of factors or .characteristics make the best -
rating medium? In what formats should they be cast?

©

c. Just as there are apparently individual differences in .
rater accuracy, are there also reliable individual differences among

rat%es which‘affecE the accuracy of ratings made on them?

d. Assuming that we can medsure individual rater accuracy,

what can be done in a situation using rated criterion data to improve

the psychometric-qualities of ratings dollected from a mixture of both
accurate and inaccurate raters? 5 . «

e . . ! o ¢

: e. We are convinced that if one intends to do research aimed .
at a better udderstanding of criterion variables, he must be prepared '
to do some social and organizational research as an integral part of

his effort. Such a simple problem as a slippage in the worker-supervisor
interface can cause very serious problems in performance evaluation.

1f the supervisor seeﬁ"¥525§gﬁrés primarily A, B, and C, and the worker
sees tt as primarily D, E, and F, the worker can be busy as an ant doing
the wrong things. '

% We are studying all these rating problems, and we appear to be
making a' little progress. ;
2. Relevance. As one atte;pts to measure more and more. complex

behaviors, relevance becomes more and more important. Several invesfi-
gators (Brogden & Taylor, 1950; Nagle, 1953) have pointed out the

~ . v necessity of attempting to include all important elements of the

3

¢
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criterion in the predictor set and to exclude from the predictor set all
elements not present in the criterion. That,.of course, involves a much
more vigorous analysis of criterion variables than we are used to. But
I am sure you are all familiar with relevancy problems, and they don't-
need' to be restated heﬁf. ‘

how cofipletely to sawple)behavior along the line of development. For
instance, it is likely that one who performs well on a test of mechanical
*aptitude will do well as an automobile mechanic if other conditions lead
him to attempt the skill. A good automobile mechanic is likely to
become a good carburetor specialist, and so on. If we want to find
someone who will become a good carburetor specialist, do we measure his
mechanical aptitude--which we can do quickly and easily--but which, by
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- We see this set uf‘I;ub1¢ma as involving decisions about where and
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its nature, is too simple factorially to'capture much of the variance
are interested in? Or do we measure his general automotive ‘repair
knowledge which is closer in time and in complexity to carburetor

specializing but which is far more difficult to measure?

.

Questions of this sort hdve no easy answers. Trade-offs and'
compromise must-be the order of the day until some breakthrough- enables
us Jto mea5ure complex behaviors much more satisfactorily -than we do
now. or until we learn how to use measures of simple behavig; in a
better, more comprehensive system.

3

One of the pitfalls we miét be aware of is the seduction of a
" criterion just because it is there. Indeed, if the criterion metric is
already there, just waiting for us to come use it, we should consider’
it immediately suspect. It is undoubtedly relevant for someone's
. purpose (or one assumes ‘it wouldn't be collected), but it may have
little or no relevance for whatever peasuremqnt concept ‘the investigator

has in mind.
To sum hp, then, we believe that the 1litt rmula, Dy = D,
(1 + 1)t, and the line of intellectual development ed by the

- formula, has led us in some ¢ directions which we feel to be profnising:
- . B

' a., Because of the current difficulty of measuring complex .
behav1or, we believe "ratings will be reliedsupon for a long while to
come. Because this appears true we intend to concentrate a large
portion of our resources on studying rating variance and trying to
understand and correct for rating 1naCCUrac1es

b. It would certainly-help a great deai if we could plug in

some solid values, for the potential, the opportunity, and the energy
which make up the tefrm "i" in the equation, so that prediction of. some
\point on the developdlent line could be made with a more complete set of
the simpler, more basic predictors. Some crude measures of all of
these terms are already avail»able, but a great deal- of research needs
doing, or1enged .around this point oﬁ.vlew, to attempt to produce a
more usable system.

3. A great deal of .escarch needs doing on ways to measure
complex behavior in an acceptable framework of subject time and overall
expense. Some of our most strongly held psychometric ideas may have to
be re-examined, particularly in our attempts to measure complex

. behavior. For instance, one canpot demand high internal comsistency of
&= items if he is attemptigy to construct a test wyich is deliberately
" complex. Indeed, it may well be that some techniques should be applied
to item selection which simultancously minimizes internal comsistency
and maximizes valldity, such as the Horst Fan Technique or something

similar. v

3
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Probably the formula is an oversimplification, but, whatever else
the formula may have done or not doneywe are certain of one value it
has had for us. Though it may be illusory,.it has at least contributed
a little to our peace of mind as we grope our way through this maze of
very complex problems. o

9 .
" . -
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FOOTNOTE } .

Extraneous remarks by Dr. Mullins : .

1.

To begin with, the paper that I'm going to give this morning is a

purely speculative paper. This particular one simply describes our - °~

philosophy and ways that we hawve developed of looking at the L
criterion problem.. There is nothing empirical in it; it s, as I
say, just pure speculatioh. Howéver, it does lead ug “to a point- -of

view which has helped us quite a bit, and ve hope it-will help you.
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. .. Performance ratings.have beén in the past and probably will cén= . .o
-7, tipue to be in the future the most common means-of ,measuring Jéb.\\<‘k};"3&“
"« ‘perforhance. »The reasons for this are that they- kan Be‘quickly.”""'*};”f—

'1gc-obtélned and are relatively inexpersive as compared to other techniques -
‘_?T_*Tf—of*meﬂsufementi-DeSPite+the»freqUencywcdlxhﬂi:_nngurxgngg;-thererare?‘3 C
o ﬂ"jmany-dgawback§°to using performance ratings. Their typical low I
. " peliabildty and validi-t;}aretgeneralllyu recognized. Indeed; the =~ . .-
K 'pﬁfmgasuremen;vprdblems-ag Ociated with ratings are so difficult-that , °
+ gome researchers have suggested that they not be used at.all (Ronan &
“~—Schwartz, 1971): o - ) ’ SR B

. Ce Y L R s . . P Y .
K - Théghasic problem with ratings lies «in the fact that they.actually
represent second-hand accounts of performance.. With papersand-peneil-: =
" devices, the subject records ‘his_performance on a plece of paper, a .
.vehitle which 1s mot subjéct te’change, distortions,’misunderstandings, -
' pooy memory, Or gastrointéstinal ailments.. Such is not the case with T
ratings. The subject's performance is recorded in & particular situa- ’
- ¢ tion, through-a percéptual filter, on the memory of the rater and:then,
. »."« " on some later date, is transferred to paper. ' o Co
~ .- - Apdit from the difficulties assoclated.with the performance _
' evaluation process itself, rating research is often .conflicting and .
repetitious. Evidently the reason for this lies in:the fact that there

© . 'is 'no generally accepted theoretical framework which serves ag a guide
" " to research. The majority of rating literature is devoted to the . ,
too development of rating gcales. A though the development of an-objeetive,
, error-free ggtihg scale “s highly dgsigable,zéitinga are influenced by
. .many variables, all of which deserve concerted Yesearch -attengion. S

K . L e

= e L :
.+ r+ . ghe rating para
. , - basic dimensions: (1

T

gm,~as'we perceiGé ip, consists of at least‘fivé
_ _ At the top of the list ig ‘the rater. We know,
for example, that his‘social adjustment, intelligence, similarity with
the ratee, and position :elétive'to the¥ rafee will have substantial- .
influénee on ratings (Bruner & Tagiuri, 1954). There are probably many
Jotﬁer'ratet‘ch&racgeriﬁtics associated with rater accuracy, as well: .
(2) The second dimension is the-person rated. People differ in terms .
of the degreg to which they can Pe accurately evaluated. Allport (1937) -

v ¢
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hae indicated that some perjons are more easily evaluated becaudd they
have: more - 'open personalities. Others, because they are more "enigmamic,
are lesa easily evaluated. (3) To these dimensions can be added the T
traits or tasks to be rated. “The value of judgments will var pend- . - *
ing on: ‘whether br_ not the 'traits employed-have observable behzvgg{al oY
danifestations (Allport 1937). .Also, it has been found that the e
accuracy of ratings will decrease .as the complexity of the task rated o, "
increases (Harris, 1966). (4) The social environment in which the BT
ratings are collected will also have an effect. Kipnis (1960) indicates = -
- that leniency inr ratings is more likely in a social envirdnment ‘'described
. a8 supportive than one scribed ds stressful. (5) Finally, the K =~
physical environment wil influence ratings. Persons who are less . ' .
;. observable due to arrangements of- the work space will be more difficult
. to rate than those who perform in a situation that is more conducive

t

-, -'to observatioen. ° , | o “ _
- ?__“f" The last and perhaps nost’ important conside\ :1on,'EiEESEQE_HBE"“"“”_ff_"_
oo strictly a rating dimenpion, is the purpose for which ratings are ‘

collected. The value of ratings will differ depending on whether they
are tollected for research purposes or for management decisions such
as promotions and salary increases. The “inflation of means and
compression of varidnce typical of ratings collected for management
- decisions frequently eliminate .them as useful criteria for _purposes of
test validation. S - . , S
‘ Obviously, the’ variables within each of these dimensions are quite’
complex. Considerations as to the manner in which interactions among ,
these variables influence ratings boggle the mind: Our first research
;. effort .focuses on one of theéseé dimensions, the rater. Specifically, it
will ‘be more .concerned with the overall accuracy of judgments of
behavior rather than with "separate factors associated with rater
inaccuracy such as central tendency, leniency, and halo. The goal of
qur research is. to 'maximize th§uality of ifjting dat.a used ‘for valida- C ol

e’ -

[

~“tion studies. 'If it were poss ~to iﬁgntify the more accurate raters
" and use Only their judgments, we would be in a considerably better
position to determine the validity of our selection and classification
instruments.. ~
Scientific‘interest in the accurate rater or the good judge of o
~ . personality occurred frequently in the 1930's and 1940's but eventually
gave way to the investigation of rating errors. In an excellent review
of the literature devoted to' the ability to judge personality, Taft ‘
(1955) indicates that the ability to judge is related to .intelligence,: !
self-insight, emotional adjustment, and social skill. He furtler points
" out .that accurate judgments are based on possessing -appropriate judg- ) P‘f
mental norms, judging ability, and most importantly motivation. ,
Recently, Gordon/(l970 1972) performed some very interesting research
into the nature of rating accuracy. He suggests that rater inacciracy
is due to two types'of errors, either ''falsely accusing the ratee of

il ¢
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, doiﬁg somethi;ev&ncorrectly which was in reality-done correctly

' ""giving the ee credit for something that was actually done incorrectly

.- He' provides evidence indicating a “greater occurrence of the last type
of error; that,is, 'giving the ratee credit for incoirect behavior,"
and conpludes that the accuracy of ratings depends on whether or not .
the behavior observed is correct or incorrect,

* (e

The underlying assumptions for research into rating accuracy. are
that persons differ with respect to their ability to accurately assess
"performance and that there- 1s consistency in their characteristic _
ratinq responses. Indirect research evidence is available*to support.

.| these assumptions. Wiley (1959) and Wiley, Harber, and Glorgia (1959)

**reported_ﬂ udies ‘based. on rater's estimations of the qualifications ,
necessary ¥ various jobs. They oncluded that rater differences do
exist in' a consistent enough | fashion to justify their measuremenﬁyj,

L) 1

A final rather critical assumption, which we-will. investigate ism.”

that rdter accuracy'is a‘generalized-ability. THat is, we are assuming

that the-accuraty of ratings will be ‘maintained across traits or tasks

* "and ratees. Mullins and Force (1962) have. gathered evidence which

supports this assumption. Using a sample of inegperienced*raters,'they

found that the capacity to evaluate verbal abilitx .was directly related
to the ability to evaluate carefulness. However, the statistical
evidence obtained in support of this relationship was rather weak. In

- opposition to the assumption that rater accuracy is.a generalized
‘ability, Allpo®t: (1937) has indicated that "the ability to judge is

neither edtirely specific nor entirely general, but that it is probably

more of an error to assume that it is entirely specific:" Taft (1955)

, agrees and’ goes further to indicate that the validity of the. assufiptioh
that rating accuracy is generalizable is dependent on a set of factors
which include the subject rated, the traits employed, and the reliabili-

.ty of .the ¢riterion of accuracy. Since differences.of opinion do exist
as to whether of not this is a justifiable assumption, it is prudent
to reserve judgment until further c1arifying research has been accom-
plished ‘ . v

€

Obviously, “the major problem with reSearch ipto the natureﬁof'

rating accuracy is the establishment of a suitable criterion. That is,
a more ultimate measure of the trdithjudged must be obtained add emp%oyed .

as a yardstick to determine the accuracy of ther judgments made by

various raters. In some research, pooled Fudgments of the rated trait .

have served as the basis for determining accuracy (Adams, 1927; LA
Ferguson 1949; Greene, 1948; Wiley & Jenkins, 1964). However, as Taft
(1955) has pointed out, with this technique there is the possibility
that we are actually measuring the extent to which raters conform to -
the group consensus or display the same biases as the:criterion judges
rather than meaSuring rater accuracy. Other studies employed more
objective criteria ‘to evaluate accuracy. \Vernon (1933) used a combina—
tion of independent ratings and test measures of the rated trait.

Norman (1953) and Gordon (1970, 1972) measured accuracy in terms of the
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_ analysis gupported this hypothesis

, o

: agreement between ratings and behavioral records. To circhmvent the

difficulties associated with using pooled judgmehts as a criterion of
accuracy, we intend to use paper—and-pencil tests as a standard.‘

Our efforts will begin with a replication and extension of : .
research performed by Mullins and Force (1962). In this study, differ-

. ences between estinated and actual scores on a vocabulary test, served

as the criterion of rater accuracy. -That 1s, subjects estimated their
pters' scores-on a vocabulary test after being informed of the average
and range of scores for the gro¥p. For each rater, the differences
between: their estimates arfd the actual scores were averaged across, .
ratees and served as the basis for classifying the rater as either
.accurate or inaccurate. It was hypothesized that i raters were
cofrectly identified, the correlations between ratings of a behavioral '

trait (carefulness) and test measures of the trait would be greater for .

the accurate” than for the inaccurate raters. The results of the data _
In the extension of this study, we will manipulate the criteria :
used for identifying accurate raters. Differences between estimated
and actual scorés on a gest of verbal ability and _é;ﬁgst of a less
observable phenomenon, thematics ability (and a’% tion of the
two) will - be investigated as a basis of determi dter accuracy.
In addition, we will confirm our tentative identiffcation of raters as
either accurate or inaccurate on the basis of multiple traits. . Not:
only will ratings and test ‘measures of carefulness be compared as -\

before, but also we will compare ratings and test measures of
decisiveness, a trait- less subject to obServation than carefulness.

The last phase of the extension to the Mullins and Forée study
will idvolve an attempt to predict rater accuracy. Using averaged
differences between estimated and actual scores on tests of verbal -
and quantitative ability as the ‘criterion, we will determine the
predictive efficiency of a set of yariables hypothesized to be related
to rater accuracy. The predictors will include measures of self - .
confidence, gregariousness, surgency, " and compulsivity.

The potential payoff for this type of research is great. Further
down the road, we plan studies to determine if rater accuracy can .be
increased by training. In addition,.we plan to investigate the
possibility of statistically manipulating ratings in order to increase
their accuracy. Obviously, we have just opened the 1id on this type of

" reséarch, and a.lot of hard thinking must be accomplished to work out’

¥

the details and overcome the obstacles.’ Nevertheless, we have confidence
in this approach -and feel that it will: make a significant contribution
to the state-of-the-art B "

4
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1. CONTENT--ANALYSIS OF RATING CRITERIA

., s .
— . g . P .

. Eric D. Curton, Fortest R. Ratlsz, and Cecil J. Mullins
y o ¢ - Personnel Research Division A
, T Air Force Human Resources‘Laboratory
- e - Brooks Alr Force Base, Texas » ' .:r

Introduction

/ " I RS
st . - P . g

For mxny years, much of the research concerning the content of e
evaluation instruments has focused on ‘the relative merit of behaviorally—
based and trait-oriented rating scales for .the evaluation of job per- -

~ formance. One impetus for this research was the introduction by Smith- ° - -~
- and Kendall (1963) of a technique for the development of behaq;orally o
. anchored g€al¥s. Basically, the procedure entailed. having people. '
familiar W th, particular job situation develop ‘broad characteristics
¢ or factors which cover all aspects of the job. Behavioral examples :
o are then-developed to exemplify high and low performancé points- for
1 ~ ‘each characteristic as well as moderate performance poinUs within thef J
‘two extremes.‘ Thesezbehavioral examples are then written as- expecta-
. tions of specific behaviors and re—evaluated by independent Judges. :
. Only behavioral examples which’ are reliably Judgéd as representing a
. .particular level of pexfo ce on the same characteristic -are - st
. included in .the, final eva§::2ion \form. .

-

Since its/ihtroduction, the Smith and Kendall technique has been
appliedguulevaluated in a number of settings both in. the field and the
. laboratory. Its popularity is probably a result of the generally
- accepged’ viewpoint that it is psychometrically better to evaluate
+ job performance using factokrs that are ‘baséd on specific behaviors
"rather than factors based on personality traits.
- b4
- The primary problem faced by someone trying to develop reIevant ‘
. performance factors for use in a large, complex organization is(the. ... =,
time and expense involved in using something like the. Smith and Kendall -
~ technique for theg wide range of jobs encountered. The basic question
_ .~ that needs to b answered 1is whethervbbjective, job specific,factors
C are psychometricall superior td more. subjective personal-trait factors.
e in. the evaluation oi\job performance. If the job-specific factors prove
® , to be statistically s perior then the practical significancé of the
difference must be great enough to, justify the cost\invo1Ved in develop-
ing the more objective factors[




X - Relevant sResearch
’ - ) o . ’ . Vs )
o Iq‘a review of the literature on the content of evaluafidh”inStfu-
. ments, Kavanagh (1971) stated that the ttend in this.area of research
ghas been toward the use of objectfve and measurable traits as opposed R
‘to personality traits in performance evaluation. ~He goes on to say - .,
: that despite the fact that the objective traits were gaining in = S
« - . popularity, the ‘empirical evidence in Supportgof objective traits was - .
. _ not strong énough to warrant their use in exclusion of pqrs&hality )
~ ‘ traits. Kavanagh .further ,stated that the idea. of. an -ultimate criterion
. of job performance is a hehavioral construct.and, thdrefore, construct
. validation should be the method by which immediate mdasures.of '
perforfiance are evaluated in terms of their relevance to the ultimate: -
criterion, ' He then categorized the relevant literature according $o- -

the method of validation used in each study and reviewed them by

@
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. category. ‘
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One gréup of studies used inter-rater or re-rating reliability as *. .
-one method of validation. In Reneral, the more objective traits-.proved:
" to be rated somewhat more reliably,~but the results were certainly not
unequivocal, and many subjective personality traits also showed a -high
degree of reliability. Kavanagh points out that validity by consensual — . -
agreement is really a form of convergent validity and, according to ) I
‘Campbell (1960), both .convergent jand discriminant validity are neéded..; e

- '

for establishing construct validty. - ,

-

, ’ Another group of studies reviewed by Kavanagh used validation
againét another criterion to determine the relevance of rating scale
content. Kavanagh says that this approac#t is valid as long as the R
criterion used for validation is cioser to the ultimate criterion than’ A
the ratings themselves. ‘The problem_js that this decision is usually N
judgmental rather than empirical. (This touches upon the’ problem: ’
mentioried in the paper by Dr. Mullins and Lt Col Ratliff with respect
~ to differentiating between predictor and criterion and the fact.that

what we really ‘have is a measuremerit problem.) 1In the group of studies
reviewed, the more ob;ective traits- generally showed a somewhat higher
Vvalidation against another criterion, but again the results were : -~
inconclusive. , Some studies showed personal traits to be begter than Y SR
the, more’ objectiVe factors, and personal traits accounted for at' least o

some of the variance in most of the studies. ‘ o (-

-

. — N ’ . %4
The third group of studies reviewed by Kavanagh used validation by
the multitrait-multimethod matrix introduced by Campbell and Fiske
(1959). The use of this ‘scheme allows one to obtain measures of both
convergent #nd discriminant validity so that overall construct validity
of rating scales can be better inferred. The results of the studies *
s reviewed again proved to be equivocal with both objective and personal
-traits being psychometrically suﬁg;ior in differeht sjtuations.
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J o In concludiig his article, Kavanagh points out that based upon the
"~ .current lite;igu;e no absolute decision can be, reached with respeeg to
the . superior of one type of rating factor over the other in all I 5 -
- gituations. Kavanagh recognizes the basic problem of the relative .
efficiency of objective traits versus .the amount of time spent in their
. development when he says, 'objective job-oriented traits seem at present
to -have a ‘slight edge, but the problem of situational specificity and
additional time question the practidal usefulness of this purist . .
approach" (p. 663). - o , S 3

‘Since' the’ Kavanagli article, very feWstudies hiyg’ been.done which '
specifically compare behaviorally—based and person ity—oriente’/rating
facto Campbell Dunnette, Arvery; and Hellervik.ﬁl973) evaluated
behavio based factors which were developed for department 8store
managers using a modified form of the Smith-Kendall technique. ‘They . .
—-*.. -found that when the  factor scales were anchqred.with behavioral @ e
expectations, the ratings showed less halo, leniency, and- method t .
'variance than when omly broad definitions of the factors were used.
While personality trait factors per .se were not used in this study,

-~ it does show the decrease in‘the efficiency of behaviorally-baged-’
scales when they are not anchored with behavioral expectation jstate-
ments. The authors also mention that "thé managers who devel*bed ,these

\scales inveMted a tremendous amount of effort in the process" (p 2%1/
W I R 2

Neither the two major studies which“speegiically compared
_behaviorall -based and personality-oriented factors found reason to
overwhelmingly support either type of rating scale. . Burnaska and’_
. Hollmann ( 974) compa ree rating scile formats using analysis of
variance,t hniques. pared Smith-Kéndall type behaviorally
anchored’ sc Scales witkh the same dimensio!iyzut without the
behavioral anch just as Camgbell et al. (1973) “had done. | o y

Additionally, Burnaska and Hollmann compared both of those formats with
scales made. from a priori*dete ned factors and no behavioral anchors.
: ‘Unlike Campbell et al. (l973) Burnask& and. Hollmann found that
!~ behavioral anchoring did not enhance the'psychometric.properties of . '
. the systematically developed scales. Whilq they did find that the g:\~ P
-Smith-Kendall scales weéfe somewhat less: suséeptible to leniency ' o
and allowed greater-differentiatlon between ratees, they concludzgr
"there is no evidence.for the superiority of one format" (p. 311). ,
They based this cenclusion on the fact that: all three formats contained
composite halo and leniency error leading to small interratee discrimi- o
» nation. This fact led Burnaska and Hollman to _.question ‘the ability A R
of even systematically developed scales to diminish rateis' . tendency to ' »

that Y

rate according to an overall motivational component similar to Spearman s . 4
"g'" factor. . - SN K
. Borman and Dunnette (l975) studied essentially the same variables C _‘%f

@ that Burnaska and Hollmann had studied. The behavioral scales’ were . .
developed to evaluate the performance oﬁ_Naval officers, and the a priori ©
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trait-oriented” factors were those already in use on the Naval 0fficer . .
Fitness Report. They found that the b&haviorally-based factors with .
anchored. scales were psychometrically superior to the other two rating--
formats on measures of leniency, differentiation among ratees, halo, -
.and interrater agreement. However, the magnitude of the differences
. was small, only sometimes reaching statistical signfficance. The
. authors state that probably{less than 5% of the variance in the T
dependent variables can he Accounted for by differences® in the rating ‘
formats. Noting the amount of time and effort required in developing
hehaviorally-based factgrs, the authors question the usefulness of the
-Smith Keridall procedure if the scales are only going to be used for
performance ratings. They conclude that "at . ‘present little empirical
T evidence exists supporting the incremental validity of performance o K
ratings made using behavioral scales" (p. 565). - L
e . \j .

The consensus of EE” literature to date is about the same as it
~# was at the time of the Kavanagh (1371) review. Behaviorally-oriented,
1 job spgcific rating factors are generally shown to be somewhat’ o
psychometrically superior .to the more- subjective. persondlity trait :
factors. However, even wheh the sytematically developed scales arg -
shown to be more efficient, the differences betwgen rating formats -
are usually small. A real: question, still exists as to whether the
superiority of the job specifie factors, although statisticallyl o
'significant, is of enough practical significance to warrant the time o
and effort involved in their development. o N ¢,

’

Current Research o . SN
The Air Force Human Resources Laboratory has recéently begun a series
of studies at the Air Trainlng Command Noncommissioned Officers (NCO)
Academy. The purpose of "these studies will be to analyzé “the content (
issue'in an Air Force environment. Of particular importance will be, y
determining the operational impact of various psychometric differencesv
in sets of rating factors. Hopefully, methodologies developed and .
analyzed in this particular setting can later be uged to develop )
. -y criterion instnumentswfor dhwide range of® Air Force jabs. _‘.4
3 SN ..' . LV
.The NCO Academy’at Lackland AFB prJvides in—residence professional .
- military education for Air Force NCOs in the grades of E6 and E7. The o
NCO Academy classes last for about 6 weeks. Typically, there are 135 o
.students per class,' and, they are divided into 9 seminars with 15
students in each seminar. : p

The ‘general strategy of the studies will be to'have ‘the students at
the NCO Academy render ratings on the other students,; in their seminar
group. Means, standard deviations, pooled variance, and other traditional
analyses will indicate the degree to which the rating factors are subject
to rater errors such as leniency, and halo. Also, the instructors will
be asked to rate the students so that the convergent and discriminant

. )
» 7119 t"’e .
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validity of the factors can be determinei by use of the multitrait-‘
multirater matrix D , L. e

. . ¥
e ) e o .

In addition to the traditional analyses done to determine the
'psychometric properties of the’ factors, pofiles will be made-up on each
person based upon his or her average rating on each factor. These ' _
profiles will be returned to, the students, and ‘they will be-asked to IR
identify the people in’ their‘peminar groups from their profiles. They o 'f
will also be asked to rank order the profiles according to how well
. they! think a person with a particular profile will perform at the NCO
. Academy. Analysis of these data will show the number of:times each
_person correctly identifies a ciassmate from his profile of scores.
. Also, correlations will be generated to show the degree of association ‘ -
between the rank ordering of the profiles and the actual rank ordering
of stullents at the erd of the class. These additional analyses will
-yield some measurement of the practical significance of differences VI
in psychometric properties of rating factors. R : I

_7' Thus far, two studies have been complet at the NCO Academy The =
first was a pilot study to determine and corr ct me hodological problems
that would be encountered. The most significant resiilt from the first
study was Fhe identification of a set of 10 rating fjctors which the

. students agreed upon as being appropriate for evaluating their perfor-

mance at the academy ) o . ~

R

'The second study has recently been completed, and the data are
currently being analyzed. Table 1 shows the results of some preliminary. ..
analyses that were compiled from the data. While these results are in:
rough form and need to be analyzed much more thoroughly, they do give
an example of the type of information that might be gained with our _ ‘ ;
experimental design. o , . , i - ,/ R

In this particuxar study, : three sets of 10 rating factors are: being.
compared. Two sets of factors come from a survey which was sent to Alr
‘'Force NCOs in the grades of E7, E8, and E9.--.These NCOs were " asked what L
factors they ‘thought sheuld be, used ‘to evaluate them o theit jobs The LY

" tpps 0 factors and the bottom 10 factors chosen by survey respondents S
make yp two of ‘the sets of factors used in this study., The third set
of factors is made up ©f those factors chosen by the ®students at the .
academy as being appropriate for evaluating their performance Each Ty
set of 10 rating factors was assigned to 3 of the 9 seminar”groups at - -
the academy. The students then used a ratipg form containing those 10
factors to rate the other members of their seminar group. They rated
each student with each factor using a 5-point scale labeled "Far Below
Average," "Below Average," “Average," "Above Average,W and "Well: Above

Average." .

-

v " Using mean ratings across a11 factors as a measure»& 1eniency error,,

Table 1 shows that ratinmgs using the student generated factors were -
1ess susceptiﬂie to 1eniency error than either of the survey generated
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factors. Df the survey generated factors, the bottom 10 ﬁactors were.
superdor’ to the. top 10 factors. This same relationship appears when’
conaidering the standard deviations of the factor scores, which is an
" indication of the degree to which the ratings differentiate among <

- ratees. These are the_types of analyses appearing In the literature
‘today, and sometimes differences as small as tHose shown in Table’ 1

- are used to support ghe Superiority,of one type of rating factor over

another._ L
;' . Table 1. 'Comparison of Three Sets of Rating Factors =~ '
) - ‘ . Student  Survey Survey -
’ i Generated Top Ten Bottom Ten
Means @ - - 3.56 3.74. 3.63 T
Standard Deviations < W42 4 .33- 40 - o
Hits . Co3.42 0 2,17 2.68

Correlations ... .43 o W42 i39

R o L . . .

. The next step in this study was to develop a profile on each person

based upon his or her mean ratings on all factors. These profilea were

" then returned to the students, and each student was asked to identify
. the other students, in the seminar group from their profile scores. .In
Table 1, "hits" are used to designate the mean number of times people
were correctly identified using each of the three sets of factors. It
can be seen”that students. using the. student generated factors averaged .
identifying 3.42 out of 15 seminar members cotrectly while those using
the survey bottom 10 factors identified 2. 68, and those using the

.- survey top 10 ‘factors identified only 2.17 correctly. This analysis
gives an indication that the relationships shown with the mean and,
standard ‘deviation scores have an influence on how well people can be
separated and identified in an operational sense. ' .
. - u i ﬂ -‘bo i [ Y »
. If differenfiation among ratees wefe thgqgoal of-the rating instru-u-:

. ment; ‘then it appears that the student generated factors are superior A
- to the survey bottom 10.factors which are in turn superior to the

’ survey top 10 factors. It also appears that the measurement of means
and/or standard deviations of the factor scores,would give a reliable
indication of the relative superiority of the sets of factors without.
going through the identification step. . ) .

" . .
. »

.

However, simple identification and differentiation is rarely the
goal of a rating instrument. . Instead, it is usually used to" judge how
,  well a person performs his job. If a. rating instrument did give an
accurate assessment of how well a job was performed, then differentia—
. tion among ratees'would certainly be achieved, assuming the ratees:
‘ performed the ‘job at different lev®ls of ability. However, even
though differentiation among ratees should reSult from using a va1id)

"

% ) . { [ L4

te - ./. .,( 121 184 ) ' -

.




BN

e : .
‘. . ' . - ™ e ]

- . -

- . f . ‘ * . : : : ! : 4 .

i 'rating instrument, the fact tha} differentiation ‘occurs is not ,5
sufficient evidence for the instrument tp -be ‘considered valid for .
evaluating job performance. "Aigood example is shown in the present" -
study..; ', ) K S, o :

E 2 A ¢ e
The students were asked to rank order the profiles according to -

‘how well. they felt a iE;son with a particular profile would perform T .

-

! ,while at. the NCO Acadepy. Table 1 shows the average correlations N
between the rank ordering of the profjles and the gctual fank Ordering; ‘
. of the studepts at the end of the class based upor’ their final grades..
It can”be séen that the differences betﬂeen correlations are iqsignifi-
cant and that one set of fa€tors seems to be Just. about as good as° -
! .another for actually predicting the performance of a ratee. Theref&re, v
_while one set: of factors is psychometrically superior to 'another set,
when judged against the criterion of actual job performance,-the. o
superiority of any one set of factors disappears. This seems to point
out the importance of these additional analyses, in trying to determine
the relative effectiveness-of a set of factors.in an operational e
. settim ' While one factor or-ene.set of factors may be psychometrically
' superi )r to another, the practical significance-of the differences should
be invesfigated before an operational decision is made .

-
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2. THE NORMATIVE USE OF IPSATIVE RATINGS . . - . §
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Cecil J. Mullins and Joseph L. Weeks
Personnel Research Division :

'Air Force Human Resources Laboratory ,; o L ﬂ&%;" N
Brooks Air’ Force Base,' Texas T A R
. Whenéver ratings are collected from pupervisors "in ‘an operational P al

‘setting, particularly if the ratee must be .made aware of ,the rating
- ~given’to him, two undesirable. -consequences usually occur.' The ratings .
become "inflated" (that is, the mean approaches the upper range limit), .= </
and the variance becomes compressed (that is, everybody gets. essen- ;
tially the same score) :1 The major reason these two effects occur is '
that the supervisor is required ,to perform mutually. incompatible e S
. acts-~-he must support his people and he must critically evaluate ‘his - - .
pecple! It is very.difficult to do both, so the reaction of most -~ C
‘supervisors, at least in large organizations, is ¢ try to see that
his people get a better than average chance at promotion. As a - - .
consequence, ratings creep up and accuracy falls off. R C
" The effects just mentioned occur when operational ratings are
collected ndérmatively. Normative ‘scores are those which préduce

o norms, so’that- comparisons~may be made- across individuals in'a ,Broup - X
A ratee's score may» be expressed as a percentile, showing his standing
in relation to other members of the group. ~ . i 2
& P . Q’_
is another kind of data which can be collected in a manner N
that autgmdtically minimites the inflation of megns and the variance '
compression customarily found: when .normative data are used for L y

Qperational” ratings. Rating data can be collected in a manner (called' -
"ipsative" ratings) such that characteristics within an individual are
rated relative only to other characteristiqsaof the same individual. ,
" This method produces a profile of the characteristics, showing which °
-of the ratee's traits are his stronger ones and which are his weaker
ones. Nothing can be inferred about the strength of any of the ratee's
characteristics, as compared with the strength of some other)ratee on
that characterjistic. If a list of characteristics is ranked for a’
particular ratee from strongest to weak#ést, there is absolutely no
ptoblem with mean inflation and variance compression because the mean

and the variance are fixed mechanically by the ranking- process.

" v . .
However ipsative fEﬁEings (relative rankings of characteristics o -
within the- indi\ridual ratee) are useless for operational evaluative e
,purposes unless they can be treated in some way 80 that the - information' )

.
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on each ratee c¢an be compared with that for other ratees. For example,
it does-little good to know that, say, creativity is Joe's strengest
charactegistic and Mary's weakest characteristic if we are trying to

' cogpare; ry with Joe. It is entirely possible that Joe is generally
_so ‘inept” and Mary so generally expert that Mary's creativity, _
weakest ' characteristic, may still be strotiger than

although-it is he
ough it is his strongest characteristic.

3
Joe's creativity®a

We can see tWi¥ays to convert ipsative rating data so that
-comparisens can Béfmade across.individuals. One of these waxs is by .
~ computing an index of ‘worker-job matcK. -It’is obtaine&ysimply enough
by correlating the -ranking of characteristics describing the individual -
with a similar ré'.ﬂng oz/éhggsame charatteristics as they are e
required by the job, as shoyn in Figure 1. The ranking of job °
) charactdéristics should bg;gformed by .someone other than the one Wl
fg.ranks these characteristigcs -in. the worker. The correlation coefficient
may be used in raw or comverted form as an index of worker-job match.
. It seems likely that if two workers are of the same level of gemeral |
j’ca competence averaged acro%a;gggifate applicable skills and traits, the
.one whose pattern of charactéristics mbgt closely resembles -the-
pattern required by the job will. hé€ the pr .who performs better.  The
worker—job match’ index”can pe included th whatever other variables.
are available as candidates for criterio -~ composites.

‘ L Ra.nkin'és ,' '. ¥
Mary. . Job X
Carefulness 1 . 3 .“
Responsiveness 2. ~ 1
Initiative 3 4
Creativity 4 5.
Tolerance 'of stress "5 v , 2 ) *
Coopefation 6" 9 )
Adaptability 7 7 T
: Writing abili 8 10 .
% Speaking abiﬁz 9 . 8 Lo,
;/ Reasonipg ab y 10 6. L
" . ‘ Rho =. .72 ‘,‘ ‘

Figure 1. The computation of a worker-job match -
index. - / .

2

The worker-job match index yields information which should prove
”'EQZ?u;. However, another ‘{éatment is possible, and we plan to v

investigate it. A worker's\pattern of characteristics could correlate
perfectly with the pattern required by a job, but he could be so

generally weak that he performs poorly; or he may possess such all-

around competence that he does well despite a poor job-match index.
. . , . \
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All the job-match index reveals is.the congruence of patterns of
characteristics between the worker and the *ob. It provides no infor-
mation at all on the relative strengths of two workers on any of "the
characteristics. This is not a serious problem if the worker-job match
index can be inci!ded as just one: component in a composite critérion -
along with at led8t one pertinent tiormative variable. The normative
variable will establish a level of general competence, and the womker-
job match index will be weighted to the extent that pattern congriudty
is important. But there are’some situations in which tests are '
disliked as a means of worker appraisal. 1In these situations, if only
one test. can be administered or if a score from a previously ‘adminis-
tered test can be obtained from the files or if any kind of reasonable _
normative variable is available on a large number of workers, then a
situation can be set up so that an anchoring system can be employed..
The anchoring variable is common to the workers being evaluated and is
ranked along, with the other characteristics. The other ranked, .
characteristics 11 fall* above or below the anchor variable according
to how they are nked for a partieular worker. Standard Scores
(percentiles, z-s ores, or something similar) can then be#assigned to
‘each of the ranked\characteristics sq that comparisons can be made
across 1ndividuai§Ion each of the characteristics.

The conversion to standard scores required for this approach was
mentioned glibly in the previous paragraph as if the- problems
surrounding this important- step were all solved. They have not been.
We believe we ¢an produce a .crude system of conversion now, but it will .
need much sharpening. The production of standard scoras such as these
involves some knoyledge about Yintra-individual variability across
characteristics. We know that there is a fairly strong tendency for
' v positively regarded chatacteristics, both intellectwal and non- t
-intellectual,-to be intercorrelated, (Horn,: 1968). To the extent that
these characteristics are correlated, to that .extent the intra-individual
variability will be reduced, and the more accurately standard scores
can be assigned to the ipsatively ranked- characteristies. Our first
¥ cut will be a very primitive conversion system basgd on distributions
’ of intra-individual variability obtained on,(other groups and other .
characteristics (see Figure 2). The standard scores issuing from this
conversion system certainly will not be exact, but they should be
accurate enough to yield evaluations ‘which, because of their relative
immunity to deliberate biasing by the supervisor,‘should prove more useful
than the system ordinarily-used.

¢

These standard scores will then be in a pormative form, and. they
become possible candidates, appropriately weighted, to form a composite
criterion score. The weights would be obtained by using the variables
as predictors of some more ultimate criterion, or - of some criterion
which may be obtained experimentally but not operationally. It shou‘iv
be. obvious that the anchér variable system is not substantially differ-
ent from a system using the worker- JOb‘HﬁtCh index in conjunction with
at least one normative score oR anm apprdpriate variable. We plan‘to
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compare, both these systems.

Pete's .
Characteristic Ranking Percéntile
Carefulness 1 85.5\175 + (7/10 x 15)]
Responsiveness 2 T :
Initiative 3 Range (from studying other
Creativity 4 characterigtics, other
Tolerance of stress 5 populationg) = 15 .percentile
Cooperation 6 points
Adaptability L7
Reasonink ability 8 / 75 (measured anchoi\ variable) 7
Writing dbility 9, . s
Speaking/ability 10 72 [75 - (2/10 x 15)]

ggﬁsoning apility test score = 75th percéntile.

Figure 2. ~Calculation of normative values for ipsative .rankings,
using an anchor variable. . S
Pé&haﬁs you will remember from the line of intellectual develop-
ment we discussed yesterday that it is our conviction that there is no
single criterion, immutable 3nd all-encompassing. There are innumerable
points of intellectual development from birth to death, each a little
more complex than the previous one. It is conceivable that each of
these points may be eventually measurable, but each.is so complex that
it f§~unlikely that any point ever will be completely measured for any
practical purpose other than research. A criterion is a measure, taken
~at a desired point along the devélopment line, of that portion of
intellectual development which seems to the investigator to represent
those functions with which he is most. directly concerned. That point
may serve both as a criterion”for predictors consisting of earlier
points and as a predictor for criteria taken at later points. With
this orientation, it is quite reasonable to "validate" criterion
measures against other criterion measures.

Because of the nature of this system, many studies will have to be
done before we can say with any confidence that the system is worth the
effort. The following questions, and many others, will have to be
answered: :

A

1. Is the proposed system a.better way of collecting evaluation
information than the simpler one of collecting normative rating data?
It appears that it should be better, but one cannot know for sure until
the System has been subjected to empirical scérutiny.

2. The efficiency of any evaluative scheme depends in large part
on the particular variables selected to enter the system. What is the

Iz !
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best way te-.selects the variables needed? Captain Curton addressed
this problem'in his presentation. - .
b
’ ) 3. What weights should the various components of the system .
take? For example, is the worker~job match' index the most important .
consideration, or the least important, or somewhere inrbetween? R
S Y Lo :
e These short statements of research questions 1ly involve very
long and very difficult researéh work. We don't kjow how ,good the
sfstem will prove to be, but we believe that it shbuld at least be
‘better than the system of collecting rating data which is currently
used so widely. ‘ ‘ ‘ e

REFERENCES

Horn, J.L. Organization of abilities and the development of intelligence.”
Psychological Review 1968, 75(3), 242-259,

>
.

N L L -
y T \ 127 . \
. . Voo - P .




P ) N //

» t 1 *

' ' " 4 XIV// ‘ ﬂ.uﬁ

/ ‘_ ‘
'SYNTHETIC CRITERIA

P S

Cecil J. Mullins, Forrest R. Ratliff, and James A. Earles
- Personnel Research Division - '
. - Air Force Human Resources Laboratory )
o Brooks Air Force Base, Texas »
' C

Now and then a predictor battery is required in a situation where
no criterion exists. This kind of situation can arise when a new '
specialty is born and there are no subjects currently performing in the
specialty; or when the specialty is so-thinly manned or unusual that
requisite numbers of performers for validation studies simply dofhot

" exist; or .when gement needs a predictor battery su stantially
sooner than onem;;: be’ produced by tiw, €lassical validation technique.

' Séeven years ago, “AFHRL developed two methods for ‘furnishing a using
agency with a predictor battery immediately upon request, if the using
agency could previde a team of subject matter experts for about a half-
q§§g§ effort (Mullins & Usdin, 1970). As part of the research work
cdothected with this effort, a comparison was made between the battery

;furnished in the c;gss;cal way and the batteries furnisﬁéd with these

. two, synthetic methods, and it appeared that there was no practical

" difference among the batteries in their efficiepcy in predicting an
empirical criterion. The two techniques are called the R-technique
the M-technique, and both are based on the assqmption that synthetic
criterion vectors can be devised which are simildar enough to the -
empirical criterion vectdr so that weights protuced for the predjétor
variables in the synthetic -criterion situation will be essenti ly the
same as predictor weights generated—in the classical empirical situation.
The focus of our previous research was almost entirely on the utility
of predictor weighss produced synthetically, but we believe now that a = =«
good estimate of the empirical validity coefficient can also be produced

~ synthetically. Both synthetic techniques make a few other important

- assumptions: SN

ar

1. It is assumed tHat decisions have already been madg, or can be

- made, about which predictor variables will enter the predictor battery. ="
This means that the variables are available off the shelf, or that the
preliminary work on the variables ‘(concerning item analyses, reliabili-

ties, etc.) has already been accomplished. The predictors are ready to
go--all that"remains is the problem of relative weights for the separate

predictor variables:

] 2.' It is a88ume; that the requesting agency can furnish at least
three subject matter specialists who are thoroughly conversant, with -the .
‘demands of the job to be performed, and that the producing agency can

SR 128 ] ~
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furnish at least th ee test specialists who thoroughly undgrstand.thé
“tests in the predictor battery, or who can be made to understand them
by a brief statibtical description of their charagteristiés. B
3.. If one is d;i;g research dn'the techniques, it is assumed that
some empirical c¢riterion will be available so tHat the weighted compos-
ite scores generated synthetically can be compared for efficiency with
~the weighted comp site skore produced rempirically. If one is not doing
research, but simply producing a battery for a using agency, this:
- asgumption is nqt/ absolutely necessary, but empirical demonstration of
\ the degree of effiigiency of the synthetic composites is still desirable
- ""if a criterion can be'obtained. In the latter case,.obviously, the
+» s8ynthetically ptodueced prediction composites can be considered as a
stop-gap measure/ until empirical weighting becomes a possibility.
. j P :
R-Techniquy ! \ )

The R—téchnique requires that the subject matter specialists and/or
- the test experts (the judges) rate 100 subjects on how well the judges P
» believe, from Studying the subjects' scores on the predictor variables, .
the subjects will perform on the job of interest’ The 100 subjects .
‘need not be real people--they can be made up 1f they are real people,
they should bé selected from available subjects in such a way thkt
considerable/sgread is introduced into the profiles which are studied by
the judges., When the 100 subjects have been rated, the ratings are used
as a criterion against which all the predictors for these 100 subjects
are correlated. , The multiple correlation, of course, produces a set o
weights for the predictor variables which are then used to calculate.a
predictor composite for each of the subjects one'is rigxﬁy,intereéted
in. ‘ : : : -

'

M-Technique N

'The M-technique is also a way o arriving at relative weights for
the varjous predictors, so that a prediction composite can be calculateq
for the subjects of interest. The judges also provide the infermation

" for this technique, but Ehe information is of ratherda different kind.

" Instead of estimates of ikely performance of a sample of dummy subjects,
the M-technique produces-estimates of relative importance of variables
comprising the predictor set. The predictor variables are factor
analyzed, the resultant factors are explained to the judges, and. the
judges are told to disttibute 100 points among the factors accqrding .
how important the judged believe the factorg are in producing good job
performance. ' ’

If a real critérivn were available, it could be introduced into
the factor analysis and its correlations with any predictor gould be
reproducible by multiplying the crfterion's,faqtor loadings by the

\\ corresponding factor loadings of the predictor and then summing these
.~ products across all factors. In this way, a validity vector can be




\

'4 produced from a table of factor loadings. But ourrproblem involves-a
situation where no criterion exists.

‘Since no criterion exists, and consequently no criterion factor
"loadings exist,- the square roots of the 'distributions of 100 peints
among the factors by the judges must substitute for the loadingsﬂ Then,
by the arithmetic® described above, an estimated’valﬂdity vector ‘is
produced and, from this, weights for the various predictors are obtained.
The details of 'both techniques for producing weights are contained in
the Mullins and Usdin report. )

-

-

In the previous work done on these techniques, a criterion ‘of C
technical school grades was available for 1,000 subjects from each of
four sehools, one in each of the Air Force's four aptitude areas
- (mechanical, administrative, general, electronic).- An émpirical
composite was computed in the usual way.\ Each of the four samples was
randomly split into two 500-man subsampl s. One of these subsamples
was used to generate weights, and the othdr was used to cross-validate.
The cross-validated R was used as a referenCe~Rpint, and, within each
of the four crossg-validation subsamples, other p ction composites
were computed for each subject, generated by the synthetic approaches.
In most instances, the syntietically. generated. co sites produced
validities which, for practical purposes, were not different from those
produced in the usual empirical way.  In only one school was the pre-

* diction of the empirical criterion significantly worse using the
synthetically generated composites, and that difference was barely.
significant at the .0l level.

At the present tjme, two further investigations of these techniques «
are  under way. One qf these investigations is analogous- to the previous !
study in that technical grades are once again the criterion of the
prediction battery. The other on- going investigation expands the
application of the téchniques to the prediction of ratings of on-the-job
performange.

v

If the replication work ctirrently.under. way produces results as
encouraging as the previous study, this approach to validation of our
. Alr Force predictor tests will form at least an interim position while
.the ‘search for a satisfactory criterion continues

[y
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‘ - WHAT IS THE VALUE OF APTITUDE TESTS? -

.

Raymond E. Christal
Occupation and Manpower Research Division L.
Air Force Human Resources Laboratory ' ' \
Brooks Air Force Base, Texas .. S

) : ’ Introduction

! ) B

’.

The title of my paper is "What is the Value of Aptitude, Tests?"‘ ©
No one could feel comfortable dealing with such a broad and controver— .
“sial ,topic--especially jn front of a group of professionals in the
testing business--but I feel the topic needs to be discussed and N
o debated. ,

Receﬁtly, some individuals have gone so far as to suggest that
testing Hé done away wlth altogether. Good heavens! Haven't we -demon-—
strated for decades the value of tests in personnel selection and

' classification? Of course we must deal with reasonable questions
concerning the fairness and job relevance of tests, but surely all
military managers should see that tests are indispensable. - f'

Evidently, we have done an inadequate job in merchandising our

product. For this reason, I would like to look at the manner in which

~ we have attempted to see the value of tests and sée if there are holes
in our case. Then, I will venture to make a few suggestions for re-
orientation of our sales pitch‘'and research strategies.

av
< *

Present Defense

A As I review the situation, I fifnd that we have defended the value

"¢ of aptitude tests on three grounds: (1) their ability to predict
performance on the job; (2) their ability to predict attrition in
training; and ~{3) their ability to predict course grades. I would
like to.consider these one at a time. ’

. : ‘. \

Prediction of Job Performance

First, let's consider job performance. Now let's be honest abo&{\-
it. We really don't have overpowgring evidence that our tests predict
job performance, and informed‘madgters and operators know. that we don't.
Many of these individuals are of the opinion that the key to productiv-
ity is not individual differences in aptitude, but good management.
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Experience teaches them that nearly all personnel they- deal with.on a
' day-by-day basis could.get the job done if they simply applied them—
-selves, The individual differences they observe are mostly ‘mgtivational,
or else are not job related.

0f course, these managersnzre right. What they fail to understand
is that this lack of variance,is, to a large extent, the product of
testing and training. If managers in, an electronics maintenance.
occupation were to receive a random sample of untrained personnel out -
g# the general population and attempt to generate the required skills
on the job, I can assure you that they would quickly become acutely
aware of individual differences in aptitude. However,' this would not
be an efficient way to run a military service. We use tests to select
and classify individuals into.occupations such that each person has thg
capacity to acquire the necessary skills. for acceptable job performance.
The training prograqk in turn, is geared to provide each trainee with
these required skilﬁ%. va the process is efficient, then there. is no
reason why tests should predict performance variance on the job and
we should neither make apologies nor hang our heads in shame when such"

is found to be the, case. . N R
| :

Prediction of Attrition ‘ B

" The second way we have defended our tests" is by showing how well

they predict attrition in training. In the Air. Force, a washout in

* pilot training costs the service thousands of dollars, and the claim is
fade that millions of dollars of additional costs are avoided each. year
by using tests to screen oug applicants likely t© fail in training. On
the surface, this gbunds like a strong case for fests. It can be hown

. that within any training class, individuals with.aigh aptitude jﬁé?es N
wash out at a much lower rate than individuals.wiPh low: scores.. ILf is
also true that washouts are very expensive. prever, it’ is not sy to
demonstrate that our aptitude tests save money by reducing washout rates.

-

¢
Let me show you some data extracted from the - Army Air Forces

Aviation Psychology Research Report No. 2 (DuBois, T1947) 7 .

Table 1. Attrition Rates and Aptitude ;nput for Every
‘Third Pilot Training Class (44C thru 45G)*

P

LT Sy Aptitude Percent

»_-_- Class .« N Cutoff . _ Eliminees
44C 12,232 3 ~15.5
: 44F 9,371 s 3 12.0
. 441 ( 6,466 4 19.6
45A . 6,525 4 *.21.0
45D K 1,384 4 21.5
6 27:4

45G 664 r

*Extracted from Report No. 2, "'he Classification Program," Army Air
Forces Aviation Psychulogy Program Research Reports, 1947.

\ .
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Table 1 reflects pass/fail data for every third class from 44C through

45G. - In' classes 44C and 44F, the cutting score on’ the aptitude’score for -

entry was Stani 3, and the average attrition -rate was 13.9%. 1In ‘.
classes 441, 45K; and 45D, the cutoff was raised to Stanine 4. However,
instead- of going_down, the attrition rate increased to 20: 4%. 'Finally,

in class 45G, the cutting point was raised to Stanine 6, yet the attrition

rate went up again--clear up to 27.4%. In view of these data, one
might conclude that attrition in pilot training would be minimized if
those cases having th@ least aptitude were entered into training.
df'course,‘this is n true. . The, fact is. that attrition rates, were
controlled by administratize actipns,.and were ,not dependent on the
quality of the’ input. The number of pilot graduates was determined in
large part b& the number of cockpits to be filled. The data shown in,
Table 1 reflect actions taken toward-the end of the war as the~number
of trained pilots became abundant and aircraft production was reduced.
We have good reason for believing that the:quality of graduates from
these classes varied, but we cannot demonstra that the use of tests .
saved money by reducing attrition.rates.
We would have even.a more difficult time'demonstrating the 'influence
of tests ¢n’attrition rates in enlisted courses. The number of graduates
from such courses 18 ordinarily programmed months in advance to meet -
operational reggiieﬁinté, and fluctuations in input talent produce only
minor fluctu&\io attrition rates. During periods of low’qualixy
input, it is t uncommon to increase wash~backs and remedial training
to maintain production standards.

s Pass/fail ‘is a very slippery criterion, and attrition rates seem

to be arbitrarily established. This phenomenon is' not restricted to

the military. For example there are wide variations in the input
talent to colleges and universities, where attrition rates for the

same courses are essentially equivalent., A washout from MIT or Cal Tech
cauld be an honor graduate from certain other colleges and univexsities.
, "We seem to be living in a relative world without absolute standards.
This is one of the problems we.face in demonstrating the value of tests.

} In 1957, Dr. Krumboltz and I published a study (Krquoltz & Christal,
., 1957) in which we demonstrated that the probability of a‘student com~ .
pliting pilot training is a function of the aptitude levels o he o6ther

thtee students with whom he is grouped under the same instructor. A
‘student with a Stanine 5 wagyless likely to graduate if he were grouped
with three students at the Stanine 9 level than if he were grouped with

threeRYtudents at the Stanlnibs level.

4
Y

> Ip 1959, an investigator in Australia reported a strange and
«related finding (Want, 1959). 1Iu that country,*Air Force and Navy
pilots were being trained together under the 'same instructors. The Air
_Force raised .their entrance requircments, and the result was that the .
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attrition rate for Navy trainees nearly doubled. %hile the level of

talent of Navy trainees remained constant, these-individuals began look-

ing bad JAn comparison with their Air Force counterparts.

These studies demonstrate that aptitud\\issts do- measure differ-
“ences in abilities which are recognized by instructors. However, we
will not be able to defend our tests on the basis of their role in
reducing attrition rates until absolute standards for successful course
completion are implemented and adhered to.

Prediction' .of ‘Course Grades

A ] " . ’ - .
A third way we ‘have attempted to show the value of tests is in
.terms of their ability to predict final course grades. The statement
that aptitude tests predlct course grades is irrefutable. <Literally
hundreds of “studies have consistently demonstrated this to be so. To
flprove that weéhaven t lost our grip in this respect, I've brought ‘along

IS

results from pne of the largest. Air Force validation studies ever N
conducted, which I will display to you. . . .

- We begaﬁjwith a 380,000-case population graduating from Air Force
% entry—lev/i tmunses between January 196% and April 1974. From this
‘ population we randomly selected .1,00Q cases from each course’’ when
avallable, or a total sample when data were ‘available from fewer than
1,000 cases. This yielded a total validation sample of slightly more
than 100,000 cases, representing graduates from 134 different courses.

Table 2. 'sValidities- (R) o£0AQE/ASVAB/AFQT for Course Grades*

o- - for AFSs with AQE/ASVAB Cutoff at 80th Centile
R . . N R ’ N )
.626 59 422 1000
.543 303 ' L 622 _ 1000
.507 ~ 679" 421 , 1000 "
.485 749 414 1000 :
483 168 , 409 1000
.483 426 .407 - 988 o
1472 1000 ' .406 - 1000
~.471 1000 . 396 o152
"o471 249 . , .395 503
471 1000 ¥.394 217
.463 1000 .387 ™~ 1000
457 509 .386 . 1000
.456 1000 .383 1000
AN 1000 .382 , '753
.439 624 .379 637
.438 1000 .374 1000
.437 1000 .366 209
435 < 0% .348 716
431 1000 . 324 1000
429 608 285 283
427 177 164 1000
L4 boralowo= dl ey
’ Al'uL'.‘. R T O Y o0 a o Apr LY ‘




. . .

N N ’ 3 -

- ) v . .
. o . .
i .
. . .- ™
N X

6 ' N N Coe

The validity coeé;icients I will show are uncorrécted mltiple
correlation coefficients for.a ‘weighted composite of the four AQE
composites and AFQT against final course grades» The wvalues ing Table 2
show the validities computed in 42 courses fox which the cutting score
‘on AQE was at the 80th centile. . These coefficients may look a little
1ow, but remember that they are uncorrected and have been computed in a
sample which has¢ been subjected to severe, restriction in range on the
lbredictora. Since _the bivariate normality assumptions could not be

. .mkt, no corrections for restriction:were made. Hdwever, it is estimated

that in an unrestricted populaéion, many of these validities would be )
found to be in the .60s, .70s, and .80s. The median' correlation -
obtained in the cqmputing sdmple was .42. The lowest reported validity
is for a Linguisti¢/Interrogator course for which the Air Force has
speciaL additional screeqing procedures
L
Table 3. Validities (R) of AQE/ASVAB/AFQT for Coutse Gradesk
for AFSs with AQE/ASVAB Cutoff of 60th or 70th Centile

. R . N R ¢ N
7I647 . 78 .439 210 . N
.631 139 T 439 1000 ‘
624 658 .435 1000 L
- .619 163 . 422 © 697 -
.586 *434 415 . §23 B
.551 1009 g0 $96
.535 © 605 405 129
.531 1000 .392 412 :
.529 606 389 1000 \f~ >
.527 . 908 ~386 999 :
.527 . 332 -5??535\\ 1000
.518 1000 .. 381 425
.518 1000 ¢ .370 114
.517 s 1000 .348 . 1000
.502 - 892 .327 "\1000
.498 612 .305 1000 -
492 _ 1000 .305 1000 Comp Operator
071 65 .232 ‘228 Comp Progrffumer
484 539 - . .176 202 Small Arms
474 1000 173 1000 AC&W Operator
458 _ , 291 - .158 . 1000 Radio Operator
.440 1000

, .
Median R = .440 Total-N = 28,707 \

- - PR va

*For cases graduatipg beLweeu Jan 196?/£nd Apr 1974.; _ .

™  Table repo;ts uncorrected validities for 36 courses having entry—
level requi ements at the 60th or 70th centile on AQE. Again; these
coefficients are atteauated. by severe restrictioap in range, although |,

, ! | d "'?) N '
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‘gome of. the uncorrqcted Rs are higher than .30.

I might point out that five of the lowest six coefficients in this
ltable are associated with courses traingng students in operator-type
jobs. Two are for radio and morse system operators, for which a special
code test 1s available to enhance prediction .of student success. -The -
other three are for computer operators, aircraft control and.warning
operators, and smgll arms specialists. In each instance, certain
~perceptual-psychomotor skills are required which are not measured by:

the AQE or AFQT. ) L

. The median uncorrected validity of the tests for. .these 42 schools
.was .44 which, again, is a gross underestimate of values which would e

_have been’ obtained in an unrestricted sample. = -
. ’ , Lot T - e ' . ’ S :
'Table 4. Validities (R) of AQE¥ASVAB/AFQT for Course Grades* =
. for AFSs with AQE/ASVAB Cutoff of 40th or 50th Centile -
R » N R N .~ % R N
.678 807 ) . .557 532 ‘ - .488 1000
.672 ., 636 . .556 1000 .482 628
.668 105 .552 - 437 479 .1000
.657 100 .".550 1% 465 850
.652 140 . .549 641 465 1000
.634 980 . 544 1000 . 440 1000
.628 1000 .542 1000 ‘ 432 305
.625 649 .536 . 666 .432 814
.592. 1000 .535 240 - 422 1000
.591 1000 432 1000 © 412 - /1000
.588 | 53 » 2531 1000 . .404 890
.584 - 886 . .528 .598 < .392 100Q
.581 1000 - .527 39 . .378 609
& 574 1000 .521 1000 ~ 375 * 1000
.572 1000 ' .498 208 . .. 371 1000
‘w570 715 : .493 563 ¢ 3 .369 191
.568 1000 .490 1000 . y .351 372 .
.566 1000 .48 751 g .263 1000
, 565 575 .48 1000 .221 1000’
Ky . . . »
Median R = .532  Total N/= 42,973

= ) 4
- s ,, -

s et ——

. - /
~For cases graduating between Jan 1969 and‘ﬂpr"l974.

*

Table 4 reports valildities tor grades in 56 courses for which AQE.
entrance requirements are at the 40th or 50th centile levels. These
coefficients are lligher because they are less subject to restriction in
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range; The ﬁedian vhluéﬂis .53. Howevq;, these.coefficienxs?arg‘;;\ < G
considerably below what would be obtained in’ an unrestricted gample.

Not only have the lower 40 to 50 percent of~thq,stahdardizatﬁpnlpopulav‘ o 2
tion been denied entry into the course, but the“number'of caSes in the —
upper levels of the aptitudé distribution. is séVerél%.%imited.due to

‘siphoning off by more ‘demanding ccgarse_s.

. or *a )
Once again, by the data I have presepted, we can demornistrate that.

dptitude scores predict, course grades. I'm not sure, however, that this
. fact impresses the avérage military manager. . After all,_qde‘cannot'
* translate course grade points into dollars and cents or manpoweér bodies; )
nor have we been able-to demonstrate convincingly that graduates with e
high course- grades aétually perform better on the job than graduates
with low course grddes, even though they in fact may do so.

‘. Stmmary of Cyrrent Status . . : -

.So here we ‘stand. Although we feel that aptitude tests predict job -
-performance, We have very little data to support this contention. We
swould like to,claim that the use of tests reduces attrition in training,”
‘but the evidence suggests that attrition rates are‘primarily.a_funqgion o
of administrative actions, not level of input talent. - We can show that
test scores predict course grades, but this doesn't seem to impress the

' average military manager. Where 'do we go from ‘here?
M

‘

Suggested Criteria for Test Evaluatipn {

> . — - .fA‘FT . "

It would be my recptmendation that, in the future, we focus our
attention on five types of criterid for test evaluation-as follows:

. - - : . _ o ; .
1. Speed of skill acquisition . .
s2. Speed of skill decay ' _
o 3. Speed of skill reacquisition Skills Maintenance
) 4., Speed of response S
5. Accuracy of response . rformance

3

Speed- and accuracy of response may be important in some occupations
invoiying,a demand for perceptual-psychomotor or clerical skills.
‘However, due to time limitations, I have elected to address only the
first three criteria,- which relate to the speed of skill acquisition,
decay, and reacquisition. In all three instadhes,,the,Basic;variable
agginst which tests are to be evaluated is TIME. Time is 'an excellent
criterion. It has a zero poiut; it cam be measured in equal intervals; .
‘it is easily understood by militarg managers; it c#n_.be- eagily
converted into dollars and cents or manpower spaces; and it is the
single most expensive item iff the military budget.

i

The military sexvices spend literally billions of dollars €ach
year supporting the developyment and maintenance o6f skills. The moqé

:
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obvibus/ & endituq!"ale associated with formal residence and on-the-job
training courses, but this is just the top'of the iceberg, For example,
the ‘Alr Force spends hundteds of millions 'of dollars each year just to
maintain pilot and navigator skills. ‘Even more costly is the time

" . vindividuals in all segiices spend in learning to perform’ rdew tasks .as,

N they are’encountered on a.day-by-day ‘and assignment-by-assignme

. basis. To the extent that ‘aptitude scores predict the time required

- for dndi duals to. acquire and mhintain skills, they can n be used 'to
reduce g« and optimally .distribute talent to jobs. I will address
this-issue ring my remaining time. . . . .
’SRills ‘Acquisitidn - S < : ’
- l
1 v There is nothing unique or. new about the concept of aptitude scores - . _
~ predicting learning rate. For gxample, in 1963, John B. Carroll = 4
. ‘recommended that aptitude be defined as learning rate (Carroll, 1963). -

The first @ptelligence test developed by Alfred Binet, back.in 1904,
was designed to measure diffenences in the level of skills acquired by -
individuals during a constaph time interval (chronological age) These
scores ‘were later normed and converted into a score "mental age." A
fatio of the mental age to chronological age was computed aqd came to
be called the Intelligence Quotient (1Q). Regardless of the problems
assoclated with the development and utilization of IQ scores, they have
been used for years as rough indicators of individual learning rhtes.

. ‘In the academic world, many tests are, ¢alled learning. abilities:
‘measures, pnd have been used for decades by teaehers to place pupils
into homogeneous groups so ‘as to minimize variarce in learning rates .
within groups. Tests have- been shown to be valid predictors. of sqhbolj
grades, both in the academic world -of the civilian sector and in'all N
military services, andfachool grades can bq.yiewed as the amount of

) content mastered by students .when . learning*tgme.fb ‘held constant. : Lt
< ' Aptitude tests also ‘predict proficiency test scores in the s rvices,
which are rough ,measures of the amount of content mastered® individ-

: uabs at various careek points. In’ Project UTILITY (Vineberg & Tayldt,
~1972), which was conduc&ddsfor the U.S. Army by the Human Resources
Eesearch Organization in the'late 1960's, AFQS'scores were shown to be
related to the rate of ski acquisition in severaI occupational areas.
Howéver,»with the passage ste4ime, an increasing proportion of men at
_all ievels of AFQT appeared ‘the upper ranges of performance distribu-
“tion indicating that £ ese low-leve] occupations aptitude scores
predict 'fhe rate of skills acqufsition, but'got ultimate level of . ,
performahce *Pilct Gﬁaining programs are generally locked-step. For ~
this reasoncfi have been ‘unable to .locate data demonstrating that '
aptitude scores’ predict speed of skill acquiqition However, ‘pilot

Japtitude tests do .predict withir-class elimination for flying deficiency,

’ and‘ln:&viduals in the flying -research area assure me that 'slowness "in
acquiring §kills is the’ primary cause for such elimination. This
observatiap needs to be confirmed by carefully controlled research.
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R _While the evidence that aptitude scores predict. learning time is
sul ntial, most of it is indirect.  Outside of a few..laboratory.
experigpnts dealing with paired associates learning, 1 have been able
* to locate few studies directly addressihg the subject, and these have
involved small N's and produced mixed results. In one study conducted
v by a graduate student at the. University of Pittsburgh (Wang, 1968)
and another st conducted by the HumAn Resourcés Research’ :
Organization (Wagni r, Behringeil L, & Pattie, 1973), substantial relation—';
ships were found BEtWeen genet®). and specialized aptitude tests and.
learning times; howewer, there "appeared to be complex interactions
' among learning rates,’types of materials to be leained, training
> ‘modalities, various aptitude scores. If such findings are generally
___L_confirmed1_th proper -selection-and-classification—-of- personnei—may—be——————
-wmore complicdtgd than it appears on ‘the surface. However, in one - :
unpublished sti onducted by the Navy,* ‘no such interdctions were
found, and standarJ'Navy aptitude tests were demonstrated to- have ~ >
substantial validity for predicting training times (see' Table 5).
This Study involved.two tracts in a Navy aviation familiarization
course, one whixh was made up solely of" reading modules, and the second
» ‘which included seven’ slide/tape modules.,- Interestingly, the higher
“ validities were obtained for the slide/tape group. Notice that tfe
equations predicting time criteria for the two treatments were highly
homogeneous. o _ : . I

4 ..
¢

y I was also able to obtain data for a 200-case sample. of Air Force .. '
) personnel who recently completed an' individualized instruction course
i (Inventory Management) at Lowry Air Force Base. Two criteria,were avail~
' able, one of which was a sumnation of time to complete the‘coﬁrse
biécks, and the ‘other of. which’was a summation 'of course. block scoregb

(grades), ‘The result h analysis ‘are presented in Table 6.
. . The' ,mul,tiple validit ASVAB composites and AFQT *r the training
» time criterion was only —which was significant, but lower. than

h0ped fon. Howeve;, the multiple validity of three ASVAB composites
for the sum of block test grades was .59, which is higher than was
obtained for final school grades when :the course was taught- in q
l::Zed-step fashion. _Even though' this course is now taught in an

»>

indyvidualized instruc ion mode, there appears to'be more prediqtable
ance in the ‘amount of, content mastered than in the time for course
;ﬁompletion. This findin is explaiped, in.part, by the\fact that
tudente in the cpurse took module. and block testg when they felt they§
were ready for examination Upqn first teéting, some students ba:ely‘
o
. . ' ". '.J-.

. - yf . ;o . .
*Information ;ﬁ>this table was provided by Dr. Kirk A Johnson, Navy,
Personnel Research: and Development Center,. Memphis Branch Office, N
Millington, Tennessee Multiple R's and cross-application R's were com-,

© puted by the author using the correlation matricés provided by -
Dr. Johnson. . e o » .
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Table 5,

v Criteria in Nayy Aviatfon Familiarization Course

Validitiessof Aptidude'Scores for Time (Hrs)

Group #1 - 7 Slide/Tape + 9. Readi;gZModules (N = 109) ‘

v '/Aptitude Test
tecTr
Arithmetic

oo ’ C1erica1‘
Mﬁltiple R

aliditz

-.38

S -.47

. -.34
-.67 .

\_Group #2 - 16 ReadfhgﬁModules (N

LT T ‘Agtitude Test

. GeT -
Arithmetic
Clerical,

Multiple R

Multiple/R's and Cross—Application R's

113y

"‘Va}iditi' s
A
‘-‘943
’.-026

-.51

-

P

Deve10pment

L . . _Sample R

pd

.67
‘ B 5"4 ‘

Cross-Application

-

A : Sample R

.66
: .53 .

*

- .
A

. “'Eable 6. Validities of-ASVAB/AFQT Scores for Time adﬁ Grade
: A Criteria in- the Air Force Inventory Management Course

. (N 200)

— ? T PR ) . F‘
"o Development Sample R's L
Criterion Predictors Multiple R

A., ’\ : . «

Time : - General AL, Electronic AI, 39 -

.. P ) AFQT
Grade, ' Geperal AI, Electronic AI, 59

. : Mechanical AT St e e

> Crosaprplication R's .°

- Source. of Pre- -, ° Application | .

dictive ‘Weights Criterion R
T!Ee Criterion Predictors A Grade " .37 '
; Grade Critefion Predictors * Time . .55 «

w - 4 L .
. . ‘\ ) ) . . . 1, .
o 153 : L
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.  reached a 70% passing stanerd while others routinely scored 100% on
miny tests. These latter students had reached the 70% standard _at much

earlier (but unknown) points 'in time, sW there was no gimple way to

compute a time-to-standard for each case. In this sample, the correla-

~tion between the time and grade criteria wags -.40, indicating that

. students completing the course\in the shortest time tended to be those
who mastered the greatest amount of content. :

There is nogrtime to discuss problems assoé‘ated with generating
a pure time-to-standard criterjon in the operational setting, but'I
would like to recognize that such problems do exist. It is unlikely
that+ individualized instruction coufses presently train all students’
-to-exactly the-same standard (although some meet a 90—90‘Btandﬁfd)',":—" ‘_

even though finishing times may vgry. Until this problem is resolved,
it wili be difficult to establisEZ:?ezégzzt relationship between

aptitude scores and learning.rat n such_courses. Ultimate solutions

. -may include better records and controls, continuous testing, statis-.- A
‘tical corrections, and controlled experiments. One must admit that - /.
the problems to be overcome are cha11enging._ ' e ',

—

It should b¢ observed from Table 6 thap the equations predicting1r
‘the grade and time criteria are homogeneous. This provides additionaL_\
evidence that, since tests norfially have high validity for- Qourse grades,
tHey should also be found to be highly related to learning time criteria.
It is indportant, however, that direct re1ationships be established. The-
author would appreciate receivin copies of any studies bearing on the
question. g\Y;” .

Prediction of DecaziRates . ,} . B *

A second stream of research which needs,ta/%e initiated concerns
the ability of aptitude tests to predict decay rates for skills and
, knowledges There lias been a great deal o research leading to the

devblopment of generalized curves of retention, but: surprisingly little

- research has been: accomplished relating to individual differences in -
retention.. Underwood published one summary paper (Underwood 1954)
in which he concludes that, when assocﬁative strength is held constant,
‘there are no differences in forgetting rates as a function of aptitude
Vduring the first 24 hours. However, this study dealt with laboratory
associative learning experiments and short decay periods. The military
services should be able to provide more definitive ansvers concerning
individual differences in forgetting rate as a- function of aptitude.

One ve\g revealing study was réported the Naval Personnel'and-
Training Research Laboratory in 1970 (Johnsom, 1970) which provided
data relating to the skill decay question. The' study wags based on
material being taught in the first phase of the avioni§§ fundamentals
course. Proficiency was measured by means oﬁ\gye criterion referenced '
tests that had been used to va1idate the progr ed instructiona1




material used in this phase Measures were obtained on a pre~test,-on,

an diate post-test, and. at intervals of 1 day, 7 days, 2§,days, and

96 d ) following the original learning.. It was found that in spite of

a fai¥ly high level of mastery on the immediate post-tests and‘a
considerable ‘amount of review, much of the material learning during . .
. the first phase of the course was forgotten by the end of the course’,

The differences between individual students were large on the,pre-test,
were quite small on the immediate post-test, and increased gradually

over the remaining post-tests until, by the end of the course, they .
vere alhost as large as they were on‘the pre—test ‘ R o

3 Although this study was baﬁéd on only a fairly small N, it did
provide a set oE*relatively unique data. ' The experiment began with' 141
students. 'Seven were dropped for administrative reasons; 8 failed .
becauge of slow progress, 2] washed back because of slow progress; and
.17 were moved ahead because of fast progress.. Thug, only 85 cases were.
left in the final sample, and these cases.were' fairly homogeneOus in
_terms of learning rate. In spite of this homogenization. process, data
in the study can be re-analyzed to reflect .differential decay rates as
a function of aptitude. c4n be seen in Table 7, aptitude scores
account for 24% of the final gest sco variance, with or;ginal pool
' -test scoresyheld constant (pars{al multiple R?). :Although one might
- *argue- that issoclative strength not held constant; fromqa practical
.o standpoin ¢t can be stated that ,individuals showed differenu!al decay

-

" rates in 4friterion referenced test, scores asa function of their, apti-

-wtude levels . S ®
| RPN ~N
Table 7. "Retention of Electpdnics Fundamentals e
h ¢{\ T, as a Function of’ Aptitude,' ' . . . <
- A S Validitids for FIha1
S : - o, C?Zi\\; . Posﬂ-Test ,
Predictotrs C * ’ ' o R . R

Immediat\‘Post-Test _ I ;?;9. 51185 oo .430 ‘

Aptitude Tests.Alone ' S +312 .559
~Immediate Post-Test Plus Aptitude . " T .382 . .618

Unique Contribution of Aptitude Tests ' t.197 444

Aptitude Testggwith Immediate Post-Test ., .- ¢

Scores Held: Constant (Partial R? and R) . , 242 492

N / T ’ " .

Predict;;gﬁTime for Reacquisition of Skills ' ' . ‘

. «
' '

o be addressed concerns the time
required for reacquisition of gkills and knowledges which have S
degeperated over time as a fdnction of disuse. One would hypothesize

, that 1if aptitude SCOTy zédict the speed of skills acquisition, t y\
should also predict the speed 'of skills reacquisition, but, to my

, The' third area which needs

4
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‘knohledge? this has not been f;rmly_esfablished(in.the military setg!Lg.'
I conducted one analysis in the early 1950's which I now wish I had :
documented, singe it bears on'the question. A number: of World War II . IR
* pllots were recalled ‘during the Korean conflict and sént tq-flight 4 .
instrpctorg' school. At the .school, they were givepn traiﬁing to L
re—establish-ghetr”flying skills. I managed to locate the original = s
World War II pilot aptitude scores for a sample of these individuals =~ = -
and found, to my amazement, that they were still predictive of f1 tn S
- proficiency grades fot studepts in this course~-in wpite of the passage” -
of time and in spite of the original screening, ¢raining, and differential
experiences these individuals had-during and subsequent to Wordd War &

, . The question concerning the relationship between aptitude and the
time reqtired for skills maintenance is extremely important. . For ..
example, consider the pilot area alone, . where the Air Force”Spends‘“~;
hundreds of millions of dollars per annum terms of fuel, aircraft, '~ -
and maintenance costs in order’to maintain flying profiéiency. In.the

- foreseeable future, multi-milliops of dollats will be spent for . :
/{' sophisticated simulators in hope of ;saving fuel and airgraft associated

3

with tﬁf§ expensive but necessary program. Yet, we know very little
about. the rates of skill decay and regeneration, and practically npothing
‘concetning individual differences -in such rates. -Are individuals who
" quickly attain pilot skills also those who slowly lose such skills .and
quickly regpin them after decay? . If so, proper selection of individuals
into the pidot training program may be mo# important than generally
recognized. Because of the large numbers involved, the potential
savings might be even larger ‘on the enlisted side,, although they may be

more difficult to document. i . -

) . Summary . : : -
rI~rea11£evthat I have wandered Far and wide in this rather loosely
orggnizez paper, but I will try t8 summarize briefly. "I have suggested
that we should begin moving away from job performamceasass/fail :
criteria, and school grade criteria for‘hpti&ﬁdg'Eéﬁ@ﬁgﬁélﬁggionygf;ﬁf*;.-~;*L
Certain types of perceptual-psychomotor tests and tests-.of clerical ~~'¢ =3
speed and accuracy\may predict performance ‘in operator and¥ciérical .-
. type jobs; however, we shoﬁld not expect tests to have predictive

- tfficiency for performance in jobs where performance is primarily a

~ function of the extent to which fully, developed skills are applied.
Test scoreé do predict the relative probaBiliqy of failure within o

» training groups, but they do not determine failure rates for groups as ~
4 whole. Pass/fdil rates are determined by adminiﬁ;;ative actions,

. rafhgt]thgn'quality_pf.input. Test scores predictf“uaining grades,

‘ but grade points cannot be easily translated into d¥llars and manpéWer.

. I have suggested-that we should demonstrate’.the valuéfdfﬁtests in "
 'terms bf.their abilit ,,o"prédict.perSQQnel time requirements for-skills
acquisition and maintenanée. R
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o 'Finally, I have enumerated some of ¥he research findings tﬂﬁgate'
v which bear upon critical issues, and have suggested research‘s§§§ es}¢;“//f’f’
; #which should be undertaken. _ : _ : o
. . , < N : . . .
‘I am personally cdgvinced that aptitude tests are indispensable in
_the military setting and- that they must continue to be utilized in sfHite
‘of problems which may exist with respect to test fairness. . I have faith
that 'ways will found to eliminate or reduce test biases which may _ -_.,
exist. At the time, I feel that we have an obligation to dempn~-- df
 strate the value of tests in terms of their ability to' help us operate our’ -

mif{itary %stablishment in a cost-effectjve manner.

What is. the value of aptitude testb?l I caﬁﬁofwgiﬁéﬁé ﬁé;;iéé'ané;érfj
to this queéti9h; but, they -are of considerably more value than most
. military managers have been led to believe. ' o
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SUMMARY AND CONCLUSIONS

Editor's mote: The panel of invited gxperts were asked to comment on
the specific papers, presented here under "Consultant Comments,”" and to
. provide closing summaries, included under "Summary Statements." :
"Additionally, sifce these comments were off-hand and verbal, each
* consultant, was later invited to prepare and submit a mome formal paper
ving.hia&impressions of the symposium. Those papers recedyed in
response'*o this invitation are published together in the-l section, .
‘entitled "Impressions.” : ' C '
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CONSULTANT COMMENTS - .

R. Campbell: I was interested in the discussion of the combined L

ipsative and normative approach to rating and I was curious as .
to the projected purpose ' { .

Mullins. Well, the primary purpose is to reduce the’ihflation of e
means and to increase the.variance. You. have to get it. Whether

’ this variance is meaningful variance we won't know-until we try

Brokaw. " The prohlem is that we 're trying to Sétermine whether-the,
'selection and classification variah}es we've been using are
appropriate for that task : .
R. Campbell:s Okay, yodu can see'other uses for such a measure, but
'if,it s restricted to that I guess it helps,clarify it for me.
But I think the work of Mike Beer at Cornin®“Glass was interesting
in this regard Are you familiar\bith what he's done? .

Mullins: No. .
A A : e
R Campbell. It's not published yet

Mullins.' Maybe that's why I'm not familiar with it.

Dr! R. Campbell' He's spoken about it someplace where I happened to be

.and it will be published soon (PersonnelvPhychology) He started
out with an ipsative appreach and his purposeﬁwas‘multi’faceted,
" itwwas not only focused on validation--I'm not even sure he had *
that in mind--but ran into the same problem. He needed an anchor
because management rejected the ipsative approach. It dign' t tell
them enough for administrative matters. His'anchor turned out to
be an overall rating of performance. The whoIé anchoring issue .
raises real questions about the utility of the ipsative'. approach
and whether or.not it's really going tb yield anything. 'T find, .
"the most attractive aspect of the ipsative approach to be’ for '
feedback to individudls on a diagnostic basis ‘about their
performance. Beyond that; I have difficulty seeing how it will be
very helpful, particularly when you seem to be moving in the

direction of g, away frou\a number of dimensions ! , }‘

{ ‘.f ) ’ ,-Tu"‘ .

Maj Sellman I have just'a straightforward des ’/ptive question on the -

. number- of people who have talked about do work on job performance

, measurement via simulation as a real t ng, that: sort. of thing..

I was wondering 1¥ you could; from the various. branches, give Some
estimate of how many lives that's really touched, that is how mapy
peop1e to whom it has been applied, and’ just how widespread is it.

160 R
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Col Ratliff: Mr, Camm has gone. S R I é} -
. /
Dr. Muckfg;. I could give 'you some fourth-hand information fron a paper-
'ard at AERA in April on that, and they were talking about "how
they ‘implemented it. If I can remember right, I think they had a
sample of 150 in each of ‘two divisions over in Germany, and it was
on an experimental basis but from what I heard in New York that was

-7 the extent of it at that point--the tryout over there. They'd sent” _
$oL a rather large number ?ﬁ researchers over to Germany,to do it. I -
. don't know how wide it gone beyond t*at but. T- know they are going
to foilow it dp quite a bit. . _ o

Maj. Sellman. Is there anybody in the Navy who has to go through simu-
lation training? . .

-

'A: Where ‘simulation is used as a measure' of performance, I'm sure
50,000 people-a year in the Navy are subjected to this.

Q: How many different jobs does that entompass{
. 'A: 50,000, , _
: ‘Q: " Is that done during training;.post-training, or both? L -

A: Both., Post-training use of simulation and assqciated job perfornance
measurement within the Navy is increasing constantly. If you -ask .
é. ~ me how well.we're doing {it, I would'prefer‘not to answer that.

‘at this point and come back later. I've been somewhat bothered

by t frequent reference to the expenSe'and the impracticality of .
work samples, simulations, and the like. I would like to point out
to ‘somebody 1w the Air Force (and I have a feeling that the people

I would like to poift this out to are not here), that the price of
one B-1 bomber would be more than adequate to do an enormous amount .
of work on the development of practical, useful work samples. I
“would also like .to point out, and this time, I think, to the people
that are here, that there has been one area of- confusion in the
discussions here. That is that there has been almost intermingled
discussion of pérformance measiurement as research criteria and 'per-

" formance measurement for operationa1 purposes.. If you' re -concerned
about a criterion measure, you're concerned jbout research work

and I do not believe that it is necessary o en desirable to use
operational measures ‘of performance as rege€arch criteria. The - .
practicality of the work sample approach’to performance ‘measurement

“aught not - get et confused between the practicality of its. use as a '

- Dr. Muckiﬁgz - 1f y' don't mind, I'd d¥ike to stick ansummary_comment in

research. tool and the practicality of its widespread use throughout.'.-

~ .. the sezzipewgs “Aan’ operational tool. . I was kind of startled——I m
\goiyg to eveﬂ quote the. sentence in Mr. Foley s paper when he made

-
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e " the statement--"At the present- time throughout his whioké
B _9 ,vmaintenance Specialist is 'not required .to demonstrate formal
job task .performance tests. that he ‘can perform efficiently and .. . - .
o - effectively the tasks of :his job.! I think this is shameful, - S
5\-' '.becaus\\g 'm.reading more into it than was actually said and I° tHink
' . 1I'm justified in doing it if the Air Force is anything like any-
other organization I've ever worked in. . And if there are no formal
o -job .performance tests that-an individual eVer has to demonstrate
R ~;prqfigiency on throughout his entire career, there probably is no -
sy!tematic mearnis’ of evaluating that performance_eitherr__He_live_i,mi;___i
‘in a society that worships hardware, that puts all of its faith in '
. - hardware, and that pays very little _attention to the cost of - the _
S human organism - that built the hardware,.maintains the hardware, L B
and operates the hardware. Afd until we get the notion that it is
not practical te build all.that hardware without giving some ,
attention to the people that use it and do something with it, we .
really-aren't going to be talking about anything very practical.
End of sermon. .

T

A

~ Dr. Brokaw._ He's not here to defend himself, so I can pick on Ray
Christal a little bit. If I can read my notes I can’pick‘on him.-
/- He identifies speed as the all purpose criterion and level as the
" all purpose predictor Now that suggests -that a lot of people are
wasting a. lot of effort in a lotgpf places. I would like some -
individual and consensus respons to .this concept. Do you think
that™this’ could be an' artifact b8huse he worked on groups which
' are already separated in terms of classifitation? He looked at
mechanical people in the context of other hanical people, he
looked at electroriics people in the context of other electronics
people. He has not yet looked at these people in. competition with
each other..... « Did I put everybody to.sleep? .

1

Dr."Hut‘chinson: I' d be glad to respond but not to’ that question.
Dr. Guion: It seems to me that--this is going to be on the tape so
Ray can hear it, isn't it? Okay Ray, here we go. It seems to me
-.that what he's done--what you have done, Ray--is to move back to'’
758" World War I when we got all those beautiful charts that were repro-
g7 duced in every elementary psychology textbook for a period. of a
., : generation or more showing the mean and standard deviation of
.--AGCT scores for various occupational groups. I've always found
“itpat diagram to be one of the more interesting and useless diagrams
?in elementary .psychology textbooks.= Students spend a.great deal
of time pouring over it trying to ‘decide which occupation has the:
. “intellectual prestige to®hich they aspire; but I have never found ,
s 3%’— any practical usefulness for it in a non~military. setting.u If you '
. T ) as far as Ray went and’ identify the crucial problem ‘for military
. ,g be?yices being a placement.or classification problem rather than a
,,,,uﬂ%gqractdon problem, I think that the’oversimplicity of this model

°
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R becomes 8o obvious that it no, longer has any‘!nterest Wish'yourp-
' were here, g . : . S
'\.‘~A M ’ o . [ - ' T"
Dr J ‘B bell. T would add a brief comment to that. I think Bob was
> e ng appropriate;things .about the aptitude’ distributions for
3.<Qf Co 'different occupations However, I think that is ‘s separate issue.
. . from whether the time it takes to reach an acceptable level of - u'
. Job proficiency is a usefyl triterion for. selection and classifi-v
' cation’ reseérch . : : :

~

- Dr. Guipn+__1’m,only talking about the general level as the generalized -
: predictor , . . _ . . .

Dr Helmick: I would like to use this opportunity to raise a.gené:al L
_question and apply it to this particular situation. . It. seems to me
that one of the thingg that I saw getting lost: in<the discussion ,%
‘over the 2 days was, the. distinction that Dr. Muckler tried to-make f7-

. between measurement and criterion and the‘concept.of the judgmentalf-:.
" aspect that goes into what ‘I would agree 1s the re&l, ‘true aspect’ Vit
of the eriterion. It seemed to me that the speed dete nation;

as I understood it to be described, was essentiblly -andther .=

measurement and really had‘nothing to do with the definition of

the criterion. And I think, it's a quite appropriate ﬁay under

: certain circumstances to measure the criterion. It may very. well .

. 'in many cases be a better way. Where you have mastery criteria,
.. speed may very well be the only alternative. .But that doesn t
.  answer the basic question of speed’' to do what. «How did. you decide
; , to measure the ‘speed to acquire this particular kind ‘of performance?
‘i . It seems to me that a great deal of the discussion this morning
) ‘as well as yesterday was concerned with measurement problems.
¢ I'm. certainly not averse to that. .Measurement problems are very
real But I think sometimes we stay in oar difficulties because
while we, do refine the measurements, we stil]l may not be measur- - .
ing what we would like to if. we stopped to think about. it.

~ Dr. McCormickt Perhaps in defense of Ray S ristal in his absence here,
- . T would-1like to say that I believe that his position regard
‘ "level" réquirements for jobs does have a fair amount.of val*dity
‘" to it. In other words, I thidk there is.some tendency for people
o gravitate intosthe kinds of jobs which are ‘commensurate with
§eir own levels of ability. Those persons who hdve that>which.
it .takes to pgrform a particular job may, wéll perform at a differ-
ent level on some test or other meaSurement instrument than ‘.
. .~ persons on other jobs. I think in:some of our research-we have
o some evidence to support this. The asgumption that people o
. generally gravitate into jobs that are commensurate with their g ~
own levels of abilities is not. a completely valid ne, but at the
same time I think that there k- enoughﬁSUbstance to this notion
to support Ray's point that "level" of performance on various

h
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‘ T kinds. of tests may ‘be a reasonable cri riqp\for the’ seIeotion or -,
placement of people o the jobs in question, With: respect to the. - §-
. matter of ' 'time" -to:learn- vprious jobs that he discussed, I-think . ¢
- basically the notion of ‘timé does make a }certain amount of’ sense,r_‘.
- ‘although it does not. completely avoid the\business of making’ some
" kind of determinatiqn about the level of proficiency. In: other‘ _
words,.to determine” that-the ‘time reqqired 0 achieve a certain. I3"jf
. ,level of proficiency ore still “has to make a determination as to ST
- "the*level of proficiency that you are talking about ," so you do
RPN not completely avoid the business of evaluation, rating, or .
ST T performance apprai_aI, or what not by tlie use of "In
-~ ' 'connectign with this" matter of time, Stanley.Lifpert (whom somi.
.of you people may know) redently turned out a ve thorough ”
‘analysis of learning curves An which he has fQund \some generalizable
‘curves in‘which he has incorporated provision ] asurement of .

.+ the .level at which a person bégins learning‘whatever it ds to_be
learned. .On the basis of his evidence, I think that if time is'ﬁ‘;‘” ,
used~és a criterion, there should be some pro%iaion fbr incorporating ¢
a_measure, at the initiation, of the performance level ‘at which ’ o
the persogrbegins the training in question .

: . N
» Dr. J. Campbell I don' t know if I can add anything,to what .8 beefl’ said,
. but it seems quite ‘reasonable to expect that as the milita ser- “Q
e vice Ve toward more self paced trafning, somé good criterion. -
M measures to considéw would be the ‘time to training completion and
- ‘ the time to reach job proficiency. Another. usefﬁl‘criterion mightf
- be the amount of decay’in job skills after’ a certgin amount of time:
 However, none of these gets one out' of the bind of having to measure.

- performance itself. Without measures of job_performance,'and a good
definition of what constitutes an adequate performance levely it
would not be possible to determine the time it takes an individual
to reach "adequate performance." , Thus thejdevelopment of a’
criterion: based on .time will be re,. not less, complicated than

PR  the usual/ kind of performancé assessmerit. However; I'm sure this,
o is not news te Dr. Christal and that he well realizes the diffi—\
=+ ,.culties nvplved I think his argument is that, in spite of the‘ “u

) ‘ difficul ies, time 1is a. very valuable criterion for military ° o
.. " organizations.’. I also think he is right. . However, perhaps with—
' . out meaning. to, he' rather quickly .slid over -the 'problems .that will -
. be involVed in rating the time demands for.various' job tasks. It -~
‘won't be easy.and: it adds another rating task to whatever is’
already required of whateverssample of raters is available.

’

-] -~
© On the question of howt to classify or. place individuals in differ-
.ent Air Force jobe, I don't think I was ablé to fully understand
what waj;:aid and thus should not gommént on it. Nevertheles_
. think.s of us inferred that he was advocating a return’te
platement vid: differential score levels on dne dimensionm of’ !
“overall ability. However, I don't think he would take,such an -
— LT 0 : ; L A
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* " extreme position.. We"didn't ‘hear ,rrectly. L o , _
" .Another" aspect of the geneéal problem*that seems missing from the
o :discussion so far is* that some: job tasks are more "critical" than
“ " others, and predicting the timd to_learn the critical tasks would -

be more important than predicting the time to learn. the less ) .
critical tasks. Ancther feature of the criticglness of tasks, R
which was recognized in a study of Navy enlisted personnel by .
. » Glickman and Vallance, i§ that there¢ are often a finite number s
. - of identifiable ways that people fail at a job. That is, it is
: often possible to describe, in concrete behawjoral terms, the _
+ ... most important mistakes that people make. If DRe objective is —
~ . to select people who will minimize such mistakes then perhaps the P
’ most appropriate criterion is not the time it takes té perform T,
’ the tasksa” adeQuately but the absolute level of proficiency with
which dn ifdividual can learn to perform the task given a
reasonable amount of time. .

Dr. Brokaw: We've had a lot of discussions of ratings. We ve talked
about ipsative ratings, we've talked about normative ratings, and .
we've talked about doing.away with ratings in favor of performanoe L
tasks, and yet we seem ‘almost always to come back.to look at them,
again. I would like for you gentlemen to telR us ‘whether we should .
. g0 our merry way with ad hoc ratings as theysSeem to be appropriate
: or should we spehd some time on attempting to _dyelop some ° ’
L specialized rdting kind of processes whereby we efther train ratera
wiv = to levels of proficlency, or we identify raters who have Buccess
il in the skill of rating objectively, or, .what should we do about
this rating problem Should we asstime that all thé problems are’ -~
¢ answered, or should we\pursue our research in that domain?

S

.,

A

Dr. R. Campbell: I can give you a brief answer to that as I think
R ratings will be'with us throughout my lifetime; however, I was
enc0uraged by the emphasis on proficiency: 'measurement (as
distinguished from performance measurement) and I applaud that
’ , work. If you've got proficiency measures for 50,000 jobs, I
BTV think that's marvelous. _We substitute them for proficiency
ratings whenever possible in my organization. The fact is though,
< we ‘will need ratings for other purposes. Now I certainly hope
we would not use ad hoc ratings. Somebody here said we shouldn't
use them, I think ,maybe several people did. I'm not very.bigwon
"rater accuracy'' ,kas the way to go. Frankly, it's an unfruitful
- way. I prefer improving rating conditions, and the training of
raters, particularly if we're” using these ratings in research
situations. I think much can' be done to make the ratings better.

-

L

Dr. Helmick: I would certainly agree I think that from all of that
I was encouraged by-t¥e attention that's being given to improving
ratings, although I do not disagree that any time we can find a

‘
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_hetter measurement than a rating we ought to use it. I guess the , .
only specific point I would raise in ¢onnection with the report on
some of tha work being done would: be the emphasis, as I understood.
;)2 it, on trying to validate ratings against paper—-and-pencil tests. . -
Coming from one of the largest suppliers of paper-and-pencil tests .
~in the wogld I certainly have no obj ctions to them, but I‘have
the feeling that modifyghg the ratin; procedure to produce results
: more like the papér-and-penctil tests would not necegsarily be an
. " advancement in approaching the trufh. The kinds of things thgt .

o can_be effectively measured by paper-and-pencil tests may beMess
usqiilll than those for which ratings may be the only means avail-
abl¥ i

s 1 : : ‘
Dr. McCormick: I think there are two kinds of circumstances under which
. tatings-will continue to be used. In. the first .place, there are °
cerfain kinds of job activities which by their nature I believe .
. cah’ best be evaluated on the basi gf subjective judgments of
e ‘ other people.  As an’ example, *n She,éase of behaviors of inter-
s . personal naturéz human judgments *abby uch activiliqp might be
* - . better than any other kind of meas(rel, In the second place
h -ratings will, of course, have to continue to be used in the case ‘
-4 of things that theoretically at least can be megsured object velx."
But- that we have 'not been.hright enough to figure out how to '
measure™ Now, ag wg’ think if s what, we call "rapings,” prefer '
really to think ofveRuil vrgs gm@,%ic > oratérs™ YR T
required to make. " Inx&iESeaR]
. 18 asked 'to make apsolu¥®- judgme

%'“of /conventional ratings, thé rater - N
nis, as contrasted with The making
of relative judgme%ts, when ye about what I sometimes calil
personnel. comparison .systems ike ranﬂiordar,<forced distribdtiqp,
paired comparison, ete.). I am in accord with.Ray in his talk
about: the use of relative ratings. I think the ‘notion of ipsative |,
ratings also falls into this ballpark foo. I think that the use
© of relative ratings can get around some of the problems of . C
inflation and bunching up. However, there are other kinds of )
"rating procedures" that do not require the making ‘of judgments
or evaluations,, but- rather that require desc¢riptions of behavior.
I am thinkingzﬁéte of various types of scales and checklists such
as behaviorp{$expectation scales, the forced choice checklist,
‘etc, where the "rater" is asked more to describe. someone's .
. behavior, rather than to judge~or evaluate. I woul heartily
endorse any é&fforts to make comparisons of the effedtivegess of °
' these different kinds of human responses, both in t2£§§ ‘their K(,f\i
.psychometric properties and also in terms of their prdctidal .
utility in connection with the whole matter of criterfon develop-

meft. v
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Dr. J. Camhepll: In general, L guess 'one could say that any research
on ratings 13 valuable. However, there are certain kinds of
researcthhaﬁ make me more nervous than others. It seems to me
]
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- .that reséarch effarts devoted to discerning the value of different _
_ .;scoring procedures, diftzjentaformats, différent transformatidns, ‘
"+ etc., 18 not really the direqion to take. - ' The historical Tecord '

. ar. These kinds of variables don't seem to make very
" much gif erence in_the:reliability an predictability of ratings.
If you want to choosé the.one thing makes the most differ-

_ # “t ink it is the motivational. contingencies under which
. " the rfter operates. Also, I don't think the saggestion to be
)more’descriptive than evaluative 'will help much. People (raters)
know the purpose for which the ratings are being made and Ehey
/know the_ rewards and punishments that are-contingent .on their .
* behavior -as- raters. :These motivational concernsare a significant
_ influence on how they use the rating instrument. If we don't
, > ' deal with.these concerns then we dén't deal with one of ‘the major ’
’ N problems involved in the evaluation of one person by another. In: .
. my opinion, a /second major determinant of reliability and accuracy
», . in ratings ig how well the raters understand the content.of the
, © bel avior to be rated. Back -a degade or so- ago when Smith and
. ' Kemrdall stimulated our interest in the method of Behavior ,
Expectation Scaling, people showed an interest in this technique -
for one o0f two jor reasons. Some saw it as a way for sampling .
~.. .and deséribing,job behaviors in a more complete, and meaningful -« )
- way than has ever been done bef . For others it was a new way
///—' of dealing with the traditional problems of unreliability, halo.
' error, lehiengy, etc. I think resegrch on ghe BES method got on
AR © : the wrong track early by emphasizing the latter and not the former
objective. People should ‘worry more abou?” the "goodness" of th
description.of job behaviors to be. rated. $nd not so muc ‘2bout~f '
¢ halo or lediency, In sum, I want ta,assert that two major-:areas
of needed research are the motiwvatisnal considerations fluencing T
rater behavior;(for research as well' ds operational ra ngs) and -.
ways~1in which domaIns of critical jab %ehavk\rs can be better and i
more useful'ly described for the raters. on WA \i\;
L oo S : N
Dr. Brokaw. Could the memberseof the panel comment.gn ‘types of rater .
¥. training programs they might have erncountered like with.the police -
‘ department7 Do vou ever come across programs whe they literally
'\5\\ train you or sgmeiiow try to get the rater to make more accurate,
valid reliable, or useful ratings, more meaningful ratings? &

’

. .

Dr. éuion: ﬁgc me stick that into the more general comment ‘that 1 want

. to make. I s going to let Mac speak for me on the rating issue

- * until Jo starced to confuse the openationa ratings with the

3 research ratings. And the thing that I think has to be recognized

) h regard to the resear ratin is that even when you take the. |
punishments and. the rewar s out Z?ﬁthe thing and you tell the . =
raters that what they'me really doing is’ making At possible for

' them to get better people in ghe future or something of this sort g

and that nobody s going to get hurt- or helBEd by their ratings in/

o -
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this particular set of ratings, the“étill can't do it. And this
is true when we've given videg tapes gnd training programs to
‘them in a wifle variety of different kinds of efforts. We have Y
‘used films.of actual poliée.calls, for example, and gone through

' . a great deal of intensive effort to get people to observe,

'3

4

<

describe., evaluate, agree on the meanings of anchor rms, this
sort of thing; we still end up with many raters giv. g us terriply
unreliable ratirngs even in that wholly laboratory situatiop” where
there isn't.even the reward system of the research-ratings.’
. - o A - *s

" I think that one of the things jou have to recognize in responding
to the questflon that was eriginally raised, is not merely that
vatings will always be with us, but that they are ubiquitous. I
think that we would do 'better if we stopped using the term "rating"
-and use¥d)the more general term instead, of judgment. We would
recognize thén-that all the rating systems that we use as criterion
meastres, whether they are ratings per se or ratings of. product or .
‘process in a york sample, or the evaluattons that” aye made when
someong is given a trial ‘period qf pgrformance.on.afjob, such as
a probationary periqd, whatever the gontext in which the criterion
measure exists, the rating is simply a tool fof'oyggiging judgments.
The paper by Uhlaher, Drucker, and‘hmmxﬁas one interesting state-
ment in it that wpuld be interesting Eo'queSEidh them -about to see

* 1f they really f it quite as it sounds. It offers the hypothesis
that ratings are more likely to be "aceurpte" in those situations
where sdme kind of inter-personal activity is involved. That's an .
interestling hypothesisf ¥f .this is true, then we should be using °
not only|\the whole process of judgment and perception research in
our xes€drch on ratings, but we should be specializ{ng‘pefhaszon

social judgment theory with all of the lens model implications,

. policy capturirig implications, that this sort of thing has. -

NE
e

I guess the answer that I will have to give to your question, Lee,
is that on the-way down here I was reading these papers in the
‘same We€kMn which I had the first draft of two t eses, one of

". which I've already told you out; it was the prddtetion of rating

accuracy study that I mentighed. The other one was an .interview
study where we tried to deteérmine the effect of mon-Verbal cues

~on interviewers' judgments which was a rather devastating kind of

nonJTinding-when we got all through with it. This, coupled with

the fact that I happen to be at a university that has beeqL
specializing In the, person of one of its faculty members in social
judgment theory for the last (how many years, Jack, ‘87 10? some~ -
thing'like/that!), I. have made a vow to have a mid~career change .
gnd devote“most of my attention over.the next few yegrs to the whole
process of judgment in the evaluation of anything, performance,
product, ‘consequences of behayior, whatever you like-~because’ I
‘think that most of our criterion meaSusss'ultimately involve “the.

X ) | , .
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ey process of judgment. Ceréaiqu'they“tﬂﬁolve the process of S "

judgment if we make -the distinctdon th
. yesterday between a measuring instrugeg~ei
- that tqrpé the ﬁeasufing\inatrhﬁei ~Iato’ a crite: .measure. . How
“these judgments are arrived at, the_multiplicity of dticies in
arriving those judgments, al;ﬁpf/these-are'of,crucial'iﬁﬁﬁrtaggef',
if we're goihng to evaluate c;iﬁéiion measures. > And I don't thiﬁkﬂﬁﬁng

‘was urged upon us e
value' judgment

A .fhﬁywy? can siimply walk aggiﬁ%fom ratings even as we:walk toward:. - °
B " job sampleg,»simulatiqug?ﬁnd that kind of thing. ~ _ -
Dr. J. Campbell: AXlthoygh this notion is not original with me, I think

: there is a law gf*hature that says objective measures are really -

as res, at least one .step removed. Behind every §

objective measure one can turn up personal judgment somewhere, and

all the problems inherent in making such judgements come home to

rest. That is why we all should be very concerned with problems

of perception. Person perception research in social pstholbgy,.

for example, has bdilt up a huge literature on a 4ot of trivial

things but also a lot of things which are very relevant ‘for this

situation. To mention just one, there is a large literature -

concerned with the influence of stexgotypeg on judgments. - I can

. recall a study in the organizational literature by Wayne Kirschner

'§2f which ‘discovered, fairly clearly, I think, that if you took two

" "kinds of supervisors, those who were judged to be good supervisors
.. and those who are judged to be bad supervisors, they had a very

 different stereotype of what a good employee was. As a result,

one might expect them to rate different people highly or the samg
people differently. The person-perception literature is a ig

area and-to be a well integrated investigator of problems o

personal judgment (e.g., performance ratings), you must jump into .
it at some time or other. L

Dr. Brokaw: Does anybne din the audience have a question? -

. : ) f o - .
Sgt. Winn: {'We got a question. 1'd like a quick summary of what the
two different kinds ‘of’ supervisors thought was a good employee.

" pr. J. Campbell: Weli,.g "quick" summary is that for the good super-
‘* . . visors, their stereotype said that a good employee was a little
* mavericky, a hard, driver, a bit of a non-comformist, etc., whéreas
. 7: the poor ‘supervisor’s stereotype said that a good emPloyee was
docile, fon't'make too many waves, &tc. I'm overstating the case
. a‘bit,¢but the descriptions were of that™nature.
Dr.'duion: R0vur studies are of trmined versus untrained leaders, but I
N think 4n mhst of them the training had to do with familiarizing
.people with what is halo, what is leniency, and where~atre ald these
o . so called psychométrié ®rrors. And it's very short.' I have a
- paper here by one of Bowling Green's ex-students which compared

15
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‘trained versus untrained rifers, wher hey we§;flraining, and - this
. sort of thing. .But I think ®he traiping that's teally crucial id”
L traiming in what are you goinlg to- obserpe, what-are you going to
' to caltTow, etc.y and it's taking a
rdin them. e T '
P

'callfigh, what are you goi
. }Qng time. I mean we reall

4
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M4j Sellman: :In Flying Training, we have kind of a uniqugr problem and !
+-«that is to obsePye 10 minutes of beh&vior costs Sev ral_thousands -
of dollars if you fly an airplane, so you want ‘to make sd}e,ﬁﬂﬁt s
\ Whatever ‘rater you have is the best possible rater, and gﬁgotp tend

_ to be very good raters to.start with. They really krow what they're

‘- doing. ‘But it's just a very dfffjcult situation, and this is in a

°7“*<yiﬁ\ research area mostly. I'm not’ sure, exactly what happens out:in-— .

"“<dthe--I mean just out there doing it.. ot ’
. D¥. Brokaw: Théremygs a question Bob raised a whilelago of how to get
‘two people to agree -that they've seen 'a specific B or. It's
/ ~ no small problem. ‘ : : ' :

Capt Curton: ‘I just wanted to ask Dr. Campbell from-ATET if he would -
comment on the types of instruments they use to valldate their
assessment centers and promotions that resultgfrom the assessment
centers; what types of criterion do you use in that situation?

:

Q

Dr. R. Campbell: We have used several different types. One is advance-
ment in the organization. The assessment centers are designed
usually to show potential for advancement or potential for certain
lines of work, and the criterion we have used most frequently is »
actual advancement in cases where the ‘dssessment center data was
not fed back to the organization. So that's the most common one.

N Another. is to set up special judgment situations where--I.can think
of a sales example where we were trying to validate an .assessment
program for salesmen-“where there .is a prescribed procedure for
opening a sale, how‘you close a sale, how you do usage prospecting—i
getting information and so on, and there is a trained set of Taters

who 11y go around the country doing evaluations-of people 531

in-that case we usedwa research judgmental procedure. Another

.approach that's bken used with some success, at least in terms of

'showing validity, is instead of using the ratings that are in the

files, administrative ratings, we have trained interviewers .go out

and talk to the gupervisors who report on the behavior of #he

" incumbent{ and then the interviewer makes the judgment about where |
s&meboqy«falls on a certain dimension. Those are the main three--

. we've used salary progression but we avoid using ratings that are

AY .

"available." .

Col Ratliff: Dr. Campbell, 1u yoUr asscssmént center where you use
different people as pait .f your assessment process, do you think
that participating in the assessment process makes a difference on
their later ability tu assess people? )

tey '
« . .-
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Dr. R. Campbell:* I be%i:%: so but I have no evidence td?!ubstantiété

“that. In staffing\gn assessment center, we do not rely on -
= selection of good- ra®¥rs. We do provide training,”explain the
" dimensions to be observed; and train them in observation and
judgment. .Perhaps the best training that they get in the whole
: thing is that they participate as a team of raters.in which they
. have constant feedback on the judgments and observations that
v . thaglte making. The p¥oblem when they get back to the field is
. M they may be betg}é’ia'ined judges, I believe .they certainly,
‘are, now the rating conditions are different. Now they don't havé .
.the full observatfon, they're ngf rating people on standard tasks,

so whether or not their judgments are in fact.better afte"they get
in the field I really can't sayﬁﬁ}though we think'they're better .
trained raters. . . ) T .

~

: . o, § ‘ :
Col Ratliff: You mean they're more conceited abgut their judgments
yhen they get back. o Lt L ‘1» .

'Dr..R. Campbell: No. It's one thing to be trained in what kind of
behavior you should be observing, what it applies to, and what the
anchors are, but you've got.to somehow set up the rating conditf 8
so that you see the behaviors when you get out there. And you :
don't have that same control on the everyday field study that you ~ .
have in an assessment center where everybody has gone through the
same tasks. How much that impacts the "validity" of the judgments

.. that they're making in the field I'* not sure. g %

. Maj‘Wéfgrs: I'd.like to just ‘sort of comment. One of our divisiens
that's ﬁot)rqpresented here, our Flying Training Divisjon, is‘°doing
‘a concerted effort in the performance evaluation area.é? t flying
» game, and they're specifically looking at automated.pe fo ce
: measurement in the aircraft and pilot tasks. Since Jack was pretty -
( . ~»  much involved in that I just thought of .it: when Drs Campbeld - =,
L] mentioned subjective measures. I think there is one case where ..
> 2 there probably isn't any subjectivity in the measurement broceduré,f,
but there may be questions about validity of th data that you're
‘collecting. Jack, I don't know if there's anyX§ing you want/to ‘~-(j_‘
say about that, 'but : . . - : ] : ‘ : )
. . I . . .o
Capt Thorpe: I kind of disagree. The reason for that is.that we develop
a lot of interaction between the computer and flying in the simula-
tor and you can get a guy in there and the students can thrash o,
around and you can collect 35 parameters 20 times a setord and come
out with reams of data. If -you're skillful you can reduce that to
even one number like 25% of the time he did well or.something, but N
then when .you go to the back room t nd out how all these measures
were devised, there's our pilot back there, with one of our skilled
programgers, and he's figuring out what measures to measure. And 1
think it's pretty much the same judgment. It's his judgment of what
= P

s
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he thinks are the things that should Z:fgzﬁgured; 80 maybe we
measure them more reliably or more ac ately or in a time domain
that's much' more specifiable. We measure perturbations tha
normally we might not be able to write down fast enough as /they
happen, but what it all boils down tc is there's a great dégl of
subjectiveneeg in objectivity. .

. . " [

” Dr. Guion: Last night in the bar we were having an intel¥ectua
discussion with Jack and he was describing what seemed to me to be
the ide&l measure for the evaluation of trainee pilots. This was
brought ‘about because of a.test that I told him about(thag was
used by the City of Honolulu té eyaluate candidates fot fire.truck
drivers, which involved a fellow named M4rtin Luke Triding with the

. candidate up Tantalus Road. If any of Aou have ever been near

* Honolulu and know what Tantalus Road is, just visualize@ taking
that road. with a full length fire truck. ' The score, Martii would
say, was the number of drinks he had to have before he could write

. up a report after he got back, down tp the valley! Jack's story -was

. __that the real score would be measured by the pressure of the check g
“»“*pilot's hands on the arms of his seat.- Now all -of that, of course,.

' 1is barroom nonsense, and like a,lot of other barroom nonsenge there's

-+~ a great deal of wisdomMn it. bvicusly, the bar-seeking check .
rider with the- fire.truck'or the arm gripping check pilot is making

"a subjective judgment about the quality of'the performance of the

‘person being scoked with either of these.. The question now becodes

one of how you record that subjective judgment and I submit: that

. a 5-point”rating scale is not going to bedaslxgliable and valid, a.
recording of the subjective judgment as some! kind of a dynamometer

on the arm of that chair. And 'of tourse what you'd have to-do N

1s develop some sort of a personal equation} a kind of a chiekern

"facter, for different observers so ‘that you could make®a correction

for the timid versus the foolhardy check pilots. But- the pbint is
that even’though it, is still a subjective evaluatiomsyou' e getting
here, youg‘method of recordin% that evaluation does not ways

have to be a.rating scale.” And I think we ought .to ves ate ’

some other .approaches to recording subjectivity. - I don't gee lany -

_ gooq%reaéon why You can't do a Mttle gelling with these guys’hat
o dd the check riding and get some GSR data if nothing else and CEﬁ
' it as a criterion measuf%. And I am being only maybe 10% facet ous.

Col Ratliff: £ might point out that the. Russians have a little test
N called the "Falling Down Test' that they use in their pilot
T selection program-with which they instrument the individual's
= blood pressure and pulse and "things like that,yand all \he has tq
. do is stand up straight \and fall forward on thk floor. \And the °
\\ . intensity of his physiglogigal reaction during that’ petiod was .
recorded and held against him, ‘I presume. . .

-
~
.
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" Dr. Guion: 1I'd like to say first of all that this has been a marveégusv
‘ vacation; "I've heen here now nearly two days and the Federal. '
Courts have.not really intruded themselIves into the discussion at
any point. And.I do not recall a 2-day perfbd, other than ‘whén .
. % I wad| on vacation, when ve beéen free of concern' for the effects

.. 7 of.cohirts tn the last year, A'm not entirely sure that you. should
have given me that vagation, bdcause I think that some of the

: concenns fdt the court® may betome your concerns:. And even if .
h they ‘don't, one of the effects of the court involvements that ‘
b .we've had over the last few years has begen a re-thinking, a v:_:z///’/“/i
needed re-thinking, of theﬁwhole .concept of employee sglectio 5 .

validatign procedures, 'etc’ And T think that you could'do well
te raiseqihe same kind .of question with all of the things you're
doing, namely, how would I defend this if it were challenged in
court. « oy ’
I raise this question particularly with regard to this material . -
that’ has been given the unfortunate name by you people of Ty
synthetic criteria. This is one step worse, I think, from a'a 4
‘'semantic point of view, than synthetic validity, of which I hive
been guilty. Obviously, we ale not synthesizing ‘either validity
ssi:icriteria. You already spoke this morning of the semantic

: 7
A
<

surdity of the phrase, but it means something more than that.
It) means that when we are not thinking about the c¢ourts, but are
~ thinking only of our professional colleagues, we try to.put
g ' everything that we do into a framework of validity ‘whether it
At fits there or not. i
Noy if you look at the APA AERA NCME‘ standards, you'll find that
validity comes under three guises: criterion<related validity,
construct validfty, and contentfvalidity, which in a paper a
couple of months‘ago I saild doesn't exist. I think it's down to
7\ s, two. Criterion related .wvalidity 1is a pretty straight forward kind
of thing except that it's not really concggned.with they validity
of a test, it's concerned with the validit of a hypot esis, the
. hypothesis that some medsure can be predicted 'by some other X
L meaguxe, either actually prddicted over time or in a purely
- statistical sense in a concu ent kind of Btudy. Construct .
\‘f idity is ja very cbmplex idea and very few of the things that
, % hawe been thruwn about in court? discussions of late under the
¢ ::gﬁing ot construct validitg have any resemblance to the kind of
" Cronbach and Meehl notion of’construct validity that started the Y
notion several years ago. The point of all this is that in a
. Supreme Cqurt decisiont there was a term used called "job related—
W ness.”" 1 dop't know who. deveYoped the term, but I 1ike 60 think ,
of it as a legal ‘term rather than as a psychometric term And"
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"when we're thinking in tbrms of - court inVolvement we .have to iden~
tify arguments for convinciffg & court that a method of selecting-
' people, whether It's a test or anything else, is related to
qaperiormance on the job - . ) R
' £ N s .P
R | would like to urge . that all the work now being done under.,the = .,
‘ heading of .synthetic criteria be done simply under the heading of
a systematie methpd for gathering judgments (see, I' m on that same-
kick even though it started out like I wa's talking about something
. . else) a Systematic attempt for obtaining judgments about’job v
relatedness.

Now if we're going to talk aboqgvpredictive validity, {‘think I d
like to point out that the proper aim of personnel resedrch,
whether it's selection or training or whatever, is to predict and
influence future behavior or the consequences of .future behavior.
The purpose of personnel research is not to evaluate instruments.
We can have a lot of fun designing studies to, evaluate tests or
training methods or something of this' sort--but personnel’ researc?
even 1if 4t's sppnsored by OSR, is primarily concerned with making
more proficient personnel. This is its fundamental purpose and we

-

-

can't lose.sight of it. . .
. . _ - A
Now, in ghat Arfiy paper (and I'm using this statement, incidentally,
. as an illystration--not’ a criticism--because I have mo intention
to critici the inten the’ paper, only the language), there's a

‘statement that grddes are used as criteria: for cognitive predictors.
"I think that-statement illustrates the backward way that we~often
think about personnel research. We have in our hands now a cogni- -
tive predictor, therefore, let us look for grades as a good criterion,
. that we might be able to predict with this cognitive'predictor.
‘ That is not our business * Our business is to say (a) we want to,
N predict performance -in training, or (b) we want .to be able to .
' predict prpficlency on a ‘job, or (c) we want to predict how fast
, people will reach some stated level of proficiency, or whatever,
T and then figure out, what the best way is to predict that partigular
-criterion Ooops, I-slipped. That was the Second stage. The
figst stage is how to measure it. See, I'm disagreeidg, Dr. Muckler,
,O?Eyeur sequence, I thimk the value judgments should precede the
-7 méasurement, not follow it as a transform. I' m_trying here to make
s a defensiie comment about the quotation that was attributed to me
yesterday’ Libout ' 'a a?iterion is simply somefhing that we “ppédict"
because I'm trying‘ give the indication that the .somethihg to
predict must be identified before w&evelop a measure for it, ’I'm
also being a\little bjt defensive about thé’comment made by '
Dr. Mullins that- 1L*§}mehow jars to talk about the v&lidity of a’
criterion. measure. Lo the first place, I don't think that's really -

con?istent with the rest ot the paper, because if a criterion -

really isn't dirfe;tnt f;om the predictor. except in the "o .
r- i z' ,
~ S
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point-of-time scale¥then all of the validation that you would

do with the.predictor applies:to the criterion measure too. I am
‘not the least bit. jarred by ‘concern for the validity of a criterion
measure. I get jarred when there isn't any 5uch concern.

N [

I guess the only other thing I want to say in the summary here is to
reinforce the Navy's views, or at least Dr. Muckler's views, which-

“ ever they are, .on simple versus multiple criteria.: I think, and

I wish that Mr. Camm were still here, I think it was rather shock-
ing to find that these skill qualificatiens tests come up with a
..8ingle score, These are complex areas of performance. There 1is
-no good reason ‘to suspect that any one test is going to be
predictive of" 411 areas of performance in a skill qualification
criterion,. or that a }ob must necessarily always be dore in i
precise’ly the same sequence or, sdme manner. And I think that we
need to move away' from World War I and the implications of the.
straightforward time-versus—level kind -of -table into a recognition
that those interactions that scared Ray so much yesterday 3re

R _Quite possible, and-even 1if they don't serve as interactions, they S

may very well serve. as additional maip effects. I think.that e

have to pay a great deal more attention to the complexities ‘of ..
performﬁnce than can be carried out with some nd of a single (
number that is supposed to somehow represent a tompensatory
summary of all of the components- that go into that number.

Dr. R. Campbell: One has to be courageous to hold&a 2- day meeting

A

.

. defined in my, taxor

. criteria and when we're evaluating what we're dojhig.

on job' performance evaluation.and critérion problems. Most of the
papers stuck somewa to the rubric, although we did seem to-cover =

- an awful 10t . of ground that wasn't fbcused on those two subjects.

There was some confusion jin the papers, I felt, over the term
"job. performance," and I think that needs clagdfication. For .

.Iy money, job performance refers tp on-line behavior and Output—- ;
‘what t e pergon ig actually doing on the.Job and producingz_ And ]
I™d 1{Ke to keep thagipretty clean; that's what I mean by job \\\

performance ; .-, //

Criterion can mean pll ner of th?ngs and is not, s¢ specifica11y .o
my . here was much ‘discussion of purpose, and

that We keep purpose - in mind in ‘'selecting

nt to-echo that statement and emphasize that we

ese multiple pu;poses in mind when we're selecting

how importanJ it 1
a criterion. I
ought, to keep

-ty

)

proficiency and performande . Most of 'the pr dictors thdl we've

been talking .about, most of the selection instruments, {1# the last AN
2’ days deal ¥ith proficiency, which hopefully ‘'will be related to a
person's butput and behavior on the job. Of course it's not hard

- . ¢
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: . at all to conceive of highly proficient people being not very
L good job perfqrmers. I think we Kind of burjed that .along the way.
o "If you bring me into-a special setting where I have to be able to t
perform some maintenance function,,it may be that I can perform that.
?paintenance function better than most everybody else you can bring
in, but you put me out on a jobr and I don't do very well. Okay,

- . 1t's the-old saw, it's what a person can do versus.what they

" ‘actually do on the job. - w if there's a disparity between the .
: two, vhat a person cap do d what they actually, do on the job
’ ' I dom't tie all that to motivation. We ought to look at management

practices, which someone. agound here did mention. There was some t:

agonizing that you haven't increased your validity coefficients in “

‘the last 10 years. - I don t consider that an indictment ;. Maybe it's

a function of what you re trying to predict. Perhaps you're some-

where ‘near the maximum level of prediction. just looking at’ selection
struments. And perhaps tHe focus must be ‘broadened beyond \

3 .selecgi@n. ‘i r o tig"' O
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Anothar.purpose for validation or'for‘crite;ion selectionerunnin@_"
through the papers wds the ®acceptability of the critéricir, which

" translated to the ability to sell our work. Acceptability is
important in selectipn ¢f a criterion and we mu‘l:consider the
user; however, I just raise a gaution that we don't let the selling
determine the research and -that we lose our way in the process.

And there are other purposes. What I'm trying to say 1is that while

+ we recognize the importance of purpose, I m not sure we aj®ays
explicitly deal with purpose {and let it guide what we're doing

¢

“ \ _There were for me, some other fu22y definitional issues, but -
they ve already been discussed.-‘I come down strongly on the side .z

. ., of "the criterion problem is"’ not just a measurement problem." 1It*

. i certainly involves valués . and Judgment, and 1 just want .second
2 that. I #lso liked the comment’we heard thaf ‘we get overly upset

,,~\ Wi complicated problems, and we ought to recoghize that we’re ’

’ ‘)’n._\'-_ YT

- | dealing with a very' complicated arean; ﬁ75 ; *an?' ¥ ‘b, ﬂ;«gpwag
.; . Therg was Q&statement at” the outget about mhether the;ebgs a glorious

4 " solution, and-I can confidently say "No," becaus¥-f~

anybody's ‘going to get one very soon. There"is no #lg io
solution. I think.you-work work very hard, at devisﬂﬁg the‘best\
° . criterion feasible in . giyen situation. An example of this would
be- Christal sEswitching to a time 3¥iterion. There. is -no. oné -
- solution.to criteriqQn probléms. You react to the realities and -
complexities..of the situation. I want to cite geveral things r -
particularly liked in the papers. Q@ne was the discussién of 1evel§ s

~ \

T of criteria--from individual levels up ;through s; #E .
e liked the emphasis on measures of proficiency and,'« ! I don' t
' know these systems very well, I fully support ‘the inte g \\ghem——
' the real training,vthe symbolic performance testing, and’ the skill

3 S e 63 - o
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qualification testing. These kinds of proficiency measures ' . ., o
"~ should be very useful. * - s O . .

X ] PR N : .
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The major omigsion I noticed in the prograﬁfﬁﬁﬁbthe'failuré to ©
deal with job perform@née--the outputs andﬁhéﬁéwiof. f the person
on. the job. That is, aside ffom'ratings_of?ﬁé%foréﬁgceu I know® . ,
A ‘ thixis a very difficult problem, it's a very expensive problem
/} —, .)sometlmes to‘;gi'to fix, but; again, if we're looking for criteria,
: particulatrly fJ¥. résearch purposes, I was hopeful that I would have g
heard more in the way of conceptudlizing how one might get per- '
~ formance measures and the methodology that might be used. And I'm
not so pessimistic as to ‘say it cannot be, done. I wish I had heard
more about sthat. ‘ . . *oc : .
Dr. Helmick: Well, I certainly wén't b/g sufficiently presumptive to ‘givE'c'/-
an.indication Il!g going to summarize everything that happened.- I'11 " -
say that I thidl I've.agreed with the summaries to date, and I'm
sure 1'11 agree with those to come. .I have down here a note from
_ this morning's presentation by Col Ratliff that certainly ties in‘,
‘with what Bob Guion said, and I marked it.iggortant;sunderlined,
"improved way of making judgments." I think that really gets to
%, ° ,the heart of much of what we fdeed to be dealing, with. .

I don't know that I am disagreeing really with Dr. Campbell on )

> . making the sponsor or the glient happy.. It's pretty clear that - ‘

. one can overstress thdt. 1 think ‘on the other hand from my own’

o experiensp in applied:work and from earlier military experience,

it can certainly amount to an awful--lot of wheel’ spinning if youw,

don't have some agreement Or some understanding as to what it is

that's going to be acceptable and usable. -In an entirely different

contexs I recently.picked up a phrase, "Oh, yes, there's a.need

but there's not a want." And until that want is recognized, - .Y
» perhaps ¢reated, the need.may. be irrelevant. - ' R

| d ] e
I do want ;ﬁ congratulate the group for, f;:st”of all, recognizing
ithe problem. I think nobody expected that we would have all’the . .
. answers at the gnd.of 2 days, but I think it has been, to me at '
e feast, a very useful discussion and it's very gratifying to me to’
;™ see the approach and the attack that's being taken. There are two .
o “bor three- things that I think need to be given some attention._ A.7 "¢
* number, 6f ‘you, I suspect, heard Harold Gulliksen's invited address A
o at therlast APA meeting. The approach he was describing gt that :
N - time is really one of reversiug the predictor-criterion priority '
. and recognizing that sometimes when yéu get low redationships between

predictors and criteria the answer may very well be. to examineﬁéggé
fet6T

o criterion because you fiequently kuow much more about the ﬁfi ¥
you have a much better understanding of what it really is you. ~ |
do for the criterion. ‘The classitc example Qf course 1is the pné
that he used: ‘the ‘early Navy experience in which much to ;some of
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" the pSychologists gurprise when ‘they began to- validate the Navy
clasgification .test against performance -in trafhing, the discovery
;that for a Naval Machinist Mate, the highest vAlidity was For a
" verbal test end one of the lowest was mechanical aptitude, and yet'
the task was very clearly primarily that of a mechanic. Well, the
_simple solution of course, w0uld have been to accept the criterion
and .o utilize the obtained validities as a method of selecting
people. who would do well in the cou§se. But fortunately somebody

" said this really doesn't make too much’ sense, let's look at the: -
., criterion, which was course ‘grades.” And“the grades were on a ‘

' - swritten examination- based entirely on lectures and textbook '\.)ﬁ)

material And thé individuals: in the ‘course saﬂipthey never had:
thelr -hands on anythin that resembled a piece of armament.. SQ~
thi§ analysis led\to developing what was called the Breech Block
Assembly Test which inwolved actual disassembly *and reassembly of

'+ a mock-up. of a pamt of a naval gun. And 1o 'and -behold when that*

was used as ‘a criterion for 'success 'in the course, the- mechanical
kest had a fair agiount of validity and the verbal aptitude test
.dropped considerably. I think~phe principle which it illustrates

is that.you can sometimes get & great deal of information abOut the ~

' criterion, or.you can at least raise very meaningful questions
*about the criterion, by looking at\the relationship ahat known
qhedictors have with it. -
. e . . .,
A somewhat related topic is that .of the fect of the criterion on .
the trainipg. Again, this is not reall¥ghimed at solving the
- criterion problem, but in dealing with the, criterion ‘problem I
think’ one’ has to re gnize that the criterion _may become a prim@ry

determiner -of training, or at ‘least of: learningvfrom sthe standpojnt .

_of the “student,. The naval example I just gave may. be a case in

"~ poimt. In our own area the example we alWays come back to is that

Y

t

/z‘

of essay testing versus objective testing far writing (composition)
I think both the C llege Board and -ETS, at least the vast mafority
of’ the staff woull take a’'very stron’g position_that from a
measurement standpoint with<a_given period of time and a given, ..
cost, there is no reason tb use anything other;than objective
measureg of writing for measurement of writing -ability. On the
other “hand; it is prefty clear, that as lgng as gaﬁoobjective test,
‘the marking of blanks. 4n the answen\sheet, is t nly thing that
seems to be beina;evaluated it's pretty hard for teachers,to: -
,spend.the time imn grading\and collecting: essays, and it's- pre‘ty .
* hard to convince studeﬁts ‘that they" should do anything other than «
learn some of the techniques of taking Objective tests. ‘So frqn
time to time the College Board has beer: convinced that 'not for
measurement reasous' but for educdtional purposes,. the criterionw'
has to take the form of actually getting students to do somfe -
‘ﬁriting In sone of my overseas experiences in. looK&ng at the.
situations in other couutries, it's very ¢lédar that the criterion?,ﬁ
‘Lhc final "examination, so determines Lhe curriculum that in many
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c’ases ‘the purposes of educat:l.on are rather completely subwuerted.
So all I'm say:l.ng ig that "in: dealing’ with' the criterion, its effect
T ’ on the whole 1earn:l.ng and training proceas needs to be kept in mind
2 ‘One last po:l.nt has probably been implied x;l.n éll that Yas been said.x
LI tlﬂnk there's someg,tendency,to ignore’basic cons:l.derations ‘of
.reliability of the terion if it seems to be object:l.ve if it .
seems' t&_be quant:l.f:l.ed if it seems to be specific, and this is . t
not necessarily enough. And here I go back' to my- World War II "
, \bombardier xesearch experience where in'all ofthe thi¥e flying *
EE training categories, bombardier, pilot, agd navigator, the
. .criterion that seemed to be the best and the most objective one,
where you can réall] get numbers. thaq almost ‘opped out at you, vas
"the’ average . errafa of the students on sdomb dyrops in ‘training m:l.ss:l.ons
And 1it’was really a rat er horr:l.f-y:l.ng discovery when. people came.
. up with the, Fadt "‘géouldn t predict ‘thé average error oh -
Y . the odd missi,ong' l,."‘; aVerage error on the even missions. The
G reliab:l.l:l.ty wasg, easser;t ¥y zero for as objective, as quant:l.f:l.ed a
‘ . criteriyon as one could Iind. We managed to do, a slight follow—up
l. on this. . What started’ out to be a' very closely contrblled .
: experimental class’was? fortuﬁatgly, disrupted by'the Japanese
i sfutrender. We got ‘enough evidence, however, to - i\ndicate that, in =
yterms ,of very carefully measured.'bomb dtopping pe'rformance,  the
igast important link in the whale’ "cha:l.n was*the bombardier.r. «The
rplane, the auto pilot, the degree of tyrbulence that day, the.
ual pilbt flying the plane the bombsight 411 of t‘hese things,
. P ~#etording to an apalysis,qf_variance, contr:l.buted smore’ to the
» -, . . average. .ertor than did the-bombardier. So we need.to “take a- hard,
' look :at cr:l.terd,a even t ough they seem to have’ the: highest: poss:l.ble
e lulled into any sense of false confidence
. ) f \ '
o Dr ﬁcCormi(k I d ﬂ't t ﬂk anything in' the papers We¢ave heard here -
% “03 . »1in these«past c&uple o days could be viewed as a quan¥iy stepg in
e the dred of cr:l.terlon development, but, I think’there are some over-’
: ' ones hat do warrant ‘sopt’ recognitian and that offer at least .
e L &degt encouragement for ‘the -future. In the’ f:l.rat place, I bélievd
Sl N sens a seriousness of concein about-this pro‘blem in the wilitary
oo .":serviges that hope fully. will provide the momenfum for cbn.centrated
L 'attent:l.on on this problem which'is clearly’ a cr:l.tical one ,in
. SR connection with’ gersonnel research. In the. second 'place, ‘I bel:!.eve/
)2’ " there are a: few bits of wheat mixed in with thg chaff that tnight
'. . take roots and develdp into" some new st. a cx;:l.ter‘la or .-
w0 apprdaches to cr;i, n development - ;

-

Althbugh we :I.ntend to seek thé Holy Grail t.he ultimate criterion
(R %f joB performanqe, we certainly should not. bypass the operational \
' need for criteria .of ‘achiéverent dn training as referred to by ./

é_ o Meyer ‘in Hs. cliscustn of :I.nstructional development systems ‘and
0L ‘d8” di,scussed by DeLeo in the ‘paper by h:l.mse].f- and Waters'. I was "
* .' . 5 < ) \ - ' - \ ‘
L] ‘ v ) ARR Lo, . - " P . ¢ 0 . '_ . - TN L
’ -r,l . AT i" Y Lo e 166 coN - & 'a_ ‘ '\“ AR

:
- N . i . \ . . . {
o % : E] RN - B ) . N .
O P . e ., [N N . ‘An; R
P : AN R Lt S > -



»

A '

S glquite impressed by Fred Muckler's paper in whic& 'he réferred to
&. .  the mapy facets of criterfa from A to Z, or maybe from‘AAA to Z3AZ.
. - I suBpect that hevmu ve lain awake many nights to orgénize wh
v ‘I believe to bBe a ve cant - discussion of ‘this problem, . v
C ‘in particular in. cryshﬂ% a numbe~r s and iggues . )
' _ which have otherwise been™l: furtiv ly -in the- background I
g - think especially his listing he cri? Tia of criteria is one
P ' that might well be posted on the walls'"fgyesearch offices in much
: the same manner that many homes@gsed t havp framed mottos‘bn '
walls euch as "God Bless Our Home." ,

In, winding up there are just a .ouple of poiftts I might add. »In®t
the,firat place, L would like tévsuggest some attention.to the | 'J'
+ notion of quality control. This is not a new notion, although it!
has not been mentioned in the confab here. I think that quality
_control ag applied to humam performance evaluation is something
that has some 'sort of relevance to.the problems with which we
< deal. And the techniques and apgroaches of ‘the industrial -
oo engineers in connection with quality control pf phygical producta
' d processes is omne that I think can well be applied to the
performance ‘of people on their jobs. ) @
And next I will reflect an admitted bias in suggesting that T .
believe the military services should pursue the notion of -what I .
prefer to call job component validity, previously called synthetic
validity or generalized validity This would reguire the develop- -
ment, for a-good sized.sample’ oigjobs, of information abgut the .
- relationship between job components on the one hand and the.human °
charactetistics of those performing the jobs" Qn‘hhe other hand._

: : Sych an analysis might, offer the possibility‘E applying the
. relatiohships so‘teased ot to other jobs, théteby avoidﬁhg t
' necessity of developing criteria.for each and eVeny ,Job elas

cation.’ g Y

-

“’ fps:N closing, I would like to say that I am really impress {by the
;RN sense ‘'of commitment of the individuals who:have presented papers.
). .ata this ‘seminar in terms of* their interest in the criterton.

' & problem amd also some of the potions that have been bandied,about.
¢ < - I would be ‘surprised Lf as a sult® of this semi r, there would
* - beany really earth shaking results. at wo -Soffve the criterion
'problem for all time. At @e same time, one’ Would- hope that this

' semingr would at least resul Jn’ the exchange of ideadg®regarding 'this

\.4

-

b3 -

- : .,i gnt problem to. the exte “that some 3, r\*or 10 years hénce,
oo uld'be able to look back and say that the elopment. in ,this
. ' are% has been moved forward at least by. a few steps because of ' -
the organization of this particular symposium . o e

[ ' ¢

Dr J. Campbeli A lot of” excellent material -has been presentqg,ﬁn

‘qso > the last 2 days'and it's not ‘easy’ to digest it a11 BO ‘soon» Also,.p
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'members haye st ost of the thunder. . However let me begih
.. by describing ‘ general impressions stimulated by the 4
dihcussion during t'e 1ast 2 days .

: . SRR ; % e,

~

' N;One dOminant tmpreasion that dogs strike, me. is one that I have
. * " dlways - reIhtedago ciasses that I teach in ‘industrial/organizatiopal
psychology. T atiis,:if one considers the -major groups of applied
- psychologistsii ‘the’ United States who-deal with problems like
. . this, the. researchers,who-axezthe most sensitive to such problems .
e - and who seenr to havg h@ Best grasp on their subtleties are ‘the
military psychol Orr~the basis of what's happened at this
@ - conference, aon 't see_any reason to change. that opinion.
N - . A B |
o ‘A long time ago,  i9T 1967, I went toié similar conference sponsored
by the Richardson Foundation. It took place -in North Carolina,
it was attended by a number of industrial/organizational
psychologists, and it was on the criteriofi problem. In comparing
the discussions there with the discussions here, I must make the
- judgment that the field has come a long way, "at least:the level of
conceptual understanding is. much higher now than it was. then.
In the same bfeath I would like to say that the criterion
problem, as we have historically talked about it in this field, is
intractg) . Theére 1s no solution to the problem and we should
all get. away from the notion that a final answer will someday
present itself. However, one major reason the criterion problem
- is insolvabzmpis because of the way we traditionallﬁghave defined
v it.. “For ex e, L would like to sentence Robert dike to
" 40 years. of computing factor matrices by hand for making the
distinctions between immediate, intermediate, and ultimate .

e P 4
 griteria. The concept.of the ultimate criterion has been the . ”
* 4« Dbane of our,. existence and it should ‘be stricken. from e, language
'There is no such thing. However, regardless of its abel, we
. . seem to/have striven in'past years for somethi it is
'\/ »  that something? My own guess ‘of, what s. in egerybo mind is that

it's one kind ©of rating'.or one kind’ of measurement, that will be
generaiizablefacross all! situations, ‘at’ least in form- if not in
content, and which will: almost always yield high reliability,
' - relevance, and Pz ediotability All- this is in spite of the fact
. that it is very' easqpable‘to concludé _¢hat performance in R
certain situations-is at best’ dot, .very’ preddctable .and at worst ;gﬁi;:
: 'zprobqply random, apd that no .one’ is ever going to find a pre-. . - ), <
o dictable or even reliable criterion in 'such ‘contexts. This is not
teo. . " theé- fault of psychology “and it is not the fault of applied t
. psychol,ogista It ig simply the way I:ertain -Jgbs happen_ to evolve -
- in certain kinds. oﬁ-organizations We. may wanf to think about P
changing ‘the. organization itself, so as to make' performance more .
“predictable; but adopting the goal: of finding predictable meaaurea, L

¢ when'no predictability or even reliability exists, has~giVen us
BCOE - 0 ! . o ) ‘e
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terrible guIsEKfeelings, and we make almost pathological responses
‘= 1o -the "prdblem" as a result.  Therefore, one. general conclusion
I would like. to.make 1is that e really should: redefine the criteri1
- problem drastically and ad a different way of thinking about-.
it that does not include things such as I just mentioned .
. o ,..:.',.. . . .
jﬁf Brokaw made ‘a st@tement ‘early on which I would' like to re~.
emphasize. He said ghat perhaps. what we should be aiming for,
: “1if there's any one thing, is a useful strategy for arriving at
et criterion measures. 'That is, what we need is an overall Plan for -
s « hgw to approach the development of a criterion, not a set of
specifications for ‘the eriterion.

"

[ I

A number of the following pointd&have been mentioned already, but
‘I would like to consider them again bxiefly First with regard
"to* the probléms of ratings, notice how easy 1t 1s to’ forget the
- parameters one should-not forget: Guion ' reminded me pointeéedly
that '"Well, you must‘distinguish research versus operational
kinds of medsures." - did forget to do so,.and I am sorry..
Besides. distinguishing between research criteria and- operational .
‘criteria that are actually for the purpose of appraising people,
. -there are also criteria that have a8 their maiﬁ“purpose maximizing
’ , the usefulness .of performahce’feedback -That is, these are -
i criteria that arée appropriate for training and development pur-
' pases, but which are probably not very useful for"research or -
"appraisal Just to -state the obvious moral, it's- very easy to
" forget the purposes for which we are. going to use a specific
méasure.> Such forgetfulness is an insidious diséase. What is
, . the best way to inpoculate ourselves against it? I don't know, ’
s but we should keep trying. _ . . "

Second, I would like to‘echo what Dick Campbéll said about the
miljtary's work on performance simulations. It is pretty exciting
stuff vaiously when usin imulations there are pitfalls that '
must be faced at some point. For example, if there are truly o,
important decisiois to be' made about people on the basis of- such
: a measure, then you might find the same phenomenon that Dr. Helmick
Lt ‘just mentioned with regard to the educational setting. People
'L~hxa T will start emphasizing the behavior measured by simulation and
R not’ the job activities they ‘Had been concentraing on previously.
That 1d; “1if pebple are to’ be rewarded for high scores oh a pat-
. ular kind of measure, that's what they will- try to maximize.
- ~simply can't get away firom B.F. Skinher. If simulation
continues to become a more widely used method for assessing

R performance, then we really must.worry about whether it is the
' specific behaviors .on the test that Ve want to mphasize ' .
L ¥ & T e
S O
: n Alsg; dg'I mentiongd before, it 1s easy to slip into thinking that
performance assessment whether it be for research criteria or, for
‘No « - - .',. . le‘ I ‘ v . ‘ ‘ . .
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f'research process could be very informative, if pursued

" most important military manpower problems " T e Y

>

v

any of tﬂp other purposes, takes place in a vacnum ‘Even if we -
make the: argument that a particular study is for research  purposes
only, we.still must worry about how people are cobperatﬂng and

how they actually respond to what we ask of them.  We seldom go ,
back- to people and say, "We asked you to participate dn a'research
project, is that what you really thought was going on? Hoy.did

you respond to the brieflng? etc.?’ Such an examination of the

LI

l‘!
Regarding Guion s comments about the"economics of ‘criterionr .
research, I would like to speak as one citizen (i.e., taxpaye @b
a1t Teally is. discohcerting that people back "there" will waste -s0
_much money’ on g» much else and then starve to death. one. of %r -

§ “

One curious. thin%l noticed about the last day and ‘ahalf is. that

the literature belng cited wasn 't very recent. I seldom keard a-

date beyqnd‘ the late'60's. Tha 1970's, were .mehtioded’ gery .
-infrequently. I'm wondering if ‘that's because nothfng happened '
during that perjod, or it's hot worth much, or what. 's juat R
. an impression I have, and perhaps it- is inaccdrate LN T

Finally, switching from describing’ impressions to giving advice, ’

"

/let me make two or three suggestions. One is that:I agree with -,

o g
%H?o’oked"in our..textbooks ‘and assumedv that negr p t predicy.on

-

Dr. Muckler qhat we really have to stop sounding so pessimistic.

‘We really, know .a- 16t more about ‘ctiteriafand the criterion problem
vhan we give ‘dirsekyes ‘credit- for .and we ought3th tell people - ¢$b
“that . We -shouldn't keep making ourgelves look so-bad. For B
example. long be¢fore the discrimination questioﬂ'reared its head”

in- ‘the, ‘selection domain, we talked ourselves into the ‘notion that

we had to have perfect predictions in order to do our job right, = «
/ozggt least correlation .Iefiicients of %75 or better. .It is not -«

rising that when lawyers and -the courts came along,’they "

yebas, possible,’ if ‘only. the’ psycholdgists would get Bheir heads .
together As a result, it ds now:our faulf tha prediction ism't
merfecEv~ ’ ‘ g

.
. - J S

Something about which We~-idn t hear en0ugh,is "that‘*a criterion
measure directly. reflects the values of the organization concerning
what individuals should be doirg. By’ implication,. thoqp things’
which dre selected as criteria are’ those things which the organi-
zation. says afe important for people to do, The criterion, is the -
variable of real interest,. Now, what is the value syst of*“the : |
organization?._ The obvidué answer is that it is many thingk/, and
t re aze those within the organizations who disagree. - For

\mple, in your "8 tion you might Be- putling together a, me&sure
oﬁ pilot proficiepcy and there couldlﬁa wide disagreement within,_
"management"ﬂ%; to whether a high Scorggor a specific component

[}
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of proficiency is good}gr bad. Ip any organization, if’you- carry
out the criterion deve pment process correctly, you will involve
the users, management -and the rank and file, and.concern yourself
with trying to find out their values and preferences for how high
and low performance should be defined. Such a process will most N
likely uncover serious conflict. * Certainly that is the case in
+ educational “institutions .like large universities. 5: is legitimat,
conflict about what behaviors and accomplishments a valuable ¢
. j?to the organization_and which are not. I think we have to- program -

* into our criterion development activities some more systematic -
procedure for confronting such value conflict and dealing with it,
b One Kind of research that I personally wouﬁL likerto see copducted'

R more frequently by peop1e in the&military and elsewhere,’ ‘as to. do :
oo, with moresapplied investigation of thE‘judgment process itself. -
' : Dr. Guibn mentioned a; Iigtle while ago the notion of,a !'true score-.i
on a performance dimenkion- to be rated. Some associates of mine
in Minneapolis (Borman, - 1978), under the sponsorship of ART < «"
conducted a study-in which they tried to program‘the perfofmance=
of the, people to be rated as precisely as they could. That, ig;-
péo le were given.scenarios of ‘behdavior episodes that illustra;

SR egpmples of high, medium, "and low' performances on ,various fuwm »-
dimensions. By gareful rehearsal of ‘the "actors,” the -experipfiatets
;- ., - tried to establish a true- sgore for performance at varéﬁus levels..
* © ' That is, they were trying to set up a situation where-fhe pers

formance of an individual on éach of the factors was known,' Thé
questions to be investigated coneérn what the observers do with the
performance information Do they maké large errors? Are errors
%, systematic or random? What ‘kind of sitematic erron are prasent?
e . WhHat method of assessmeht ylelds the' smallest error? The. behavior ©
* _ episodes used by Borman were rather brie { which perhaps “wab : the R
study®s main, drawback; neve. theless, 1 ink the paradigm couId ﬂﬁ.‘ &
applied id?many different contexts. However, it should not be 'f-"
. translatedwinto broad- survey format. We have had enough f that., -~
* . The method would quickly.l its fidelity there. In 1 think
we. could:.Tearn a lot about what's going on i “the performance
judgment, situation by a more intensive look at the actual processes
that take p1ace . ‘ . e ,s; .~
. '9}‘ ; o r v I it
R %Fi. "Also,. I don L. think we've. doneyenough with. grying to deVelopuEEttéi
C methods for samﬁling taag‘behavior. We've togbqgicﬁly junped-to.'
. f?‘ ‘a consideration: of how 11 people ‘can rate @erformancé’dimehsions,'
i I'd. like to’ gbﬁback to more research on how best"go ﬁof;he actqpl’;—

J ‘ sampling and describing O A »r”.. L

-

o

A ?

. DR ‘ LER ‘. L}
o : S r..“- .

"'.BF

_ "}f‘ of applied gsychologist ﬂhat would happen if n@-putron"

e _'Skinner, Inc. hard hat and routinely did ‘an-gpergat’ type funﬁ@%gﬁal

. . analysis of ‘evety performance assessment ‘situat§ that Wwejen tered!

_Q}f.."_ . What rewards.and punishments control thé?behaviors of the Lubjects‘y
V. gt :.-\_ L LI " . ,/..
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.andgyltimately, the rateeg? What rewards and punishments control
the Behavior of the sponsors of the research? In general, what
_ are the reinforcers and the reinforcemént contingencies that &
.~ control the entire criterion development and performance measure-
ment system? Without a clear understg,g,ding of such relationships,
: criterion research often must swim upgtream. It would be better - .
&6 go with ‘the flow, so to speak.
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- : ) COMMENTS. ON SYMPOSIUM ON CRITERION DEVELOPI{ENT "f.._
'FOR JOB PERFORMANCE EVALUATION : v ’
- . A .o -« . . ¥ » l v !
. _ John S. Helmick ' . |
] .
¢, ' I appreciated the opportunity to participate in ‘the criterion )

_ symposium and found it a stimulating experience. I congratulate the
Air Force for its recognitién of the importance of this problem.and .
. its straightforward approach to trying to degl with it

v
P

I also want to comqénd the sensitivity éxpnessed by several
individuals to the importance of sponsOf%acceptability and user
requirements in making applied reseazxch egfective. The communication

. between the researcher and the user. Seems ‘o me -tp be one of the most
‘critical features in being sure that- applied research is actually
applied, " This should be’a,major concern from the initial definition

* of the problem to the preparation of the final report.

- R ~

When to Measure ‘the Criterion .

4 Perhaps the major problem in the whole area is that of determinidg
khere in the time frame to attempt to’ define and measure the criterion.
hould the criterion be a measure at some point in training or on the

job? 1f the latter, should 1tWe initial performance or later perv o
-formance? Almost inevitably the accuracy of prediction decreases as
"the time span bgbween its measurement, and the criterion measufement
increases, yet the importance of the criterion increases. While some ?¢;
of the Jntervenin variables- between prediction and later performance -
can be anticipated and accounted for in prediction, in:general they
cannot be. To de with this we need a better understanding of the
chain of eventsybetween initia& and. final urement and as much
. knowledge as possible of ir interrelati 1tps. One of the. papers
suggested that the differentiation between predictor ang criterion T
wos éssentially in the time at which°eaoh was measured amd supported R
- the procedure of successive measurement. While I am not willing, to B
e accept the,principle that the crIte}ion does not havé a kind of meaning
L "different. from that of the p edictdrﬁ,I agree that, attempts to

"R . differentiatimthem on some, Simple ait encompassing basis lead to diffi- .

4+ culties. .Theé“answer, if any, to the . problem Jies: in understanding*a

.network of successive measures .taken throughout thg time span‘and this
v " really implies- that. one must determine and unde stand the urderlying

. psychological'ﬂkinciples that - relate antecEQengéi consequent, if mot .
T actwally cause. to effect. While this ideally 11ls for longitudinal ‘-

“ . gtuidy, & series . of short- term, almbeticross—sectional studies may b
', yield satisfactory approximations. ~A¥} €«hi8 suggests that satisfactory
h"'cri rion research'may very'wggl be ba LC psychological.research and = o
. A o'
R :hat wos&.thatsdoes not'teaogﬂ&ze thii-gay have significantly less PR
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~ . genetal pqyoff'In the long run.. ;n.this'éonnec&ion.the.distinction fade
bethen’évaluatipn and* measurement should, be kept in mtnd. ﬂﬁsdtis: ¥ =
factory definition of criterion,éerforyaﬁte does~requi;e'va1UQ,judgméht. ..
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+ Rgsbfictioﬁ of Range

In addition to this somewhat philosoghical-géneral'statemen;"there
are a number of brief -comments that may:be-.-worth- noting., A num f‘bOf'
participants pointed out that the restriction of range-.after traiding .
‘does present a problem. TFhis can "hecompe an even greatér problem if
-the predictor measures are used as a basis for compensatory training.
If effective this will produce a sélf—defeating prophecy making the
prédictor seem less useful than it really is. The guggestion should
pursued that one look for differences,amoﬁé individuals, considered
. successful by thg Fraditional criteria already in use. Some of these
- differences may provide a'_basfs for new criterion development.

Reverse Validity . ‘ \ - ‘ . e
S, . R . »

. * . . . ¢ M

The concept of "reverse validity" is worth pursuing. This is

simply the recognition thdt predictor measures are often better under-
stood thaff the critéria, and hence high or low relationships may
ﬁ%ovidq insight"fhto_the nature of thd criteria. This contrasts with
the- usual procedure of accepting the criterion as the given and judging
the predictors on that basis. - . .
N N N " , ..
e Unreliabiligz ) 6

L4

3 .. . , .- - .
. Considetable attention was giver~to ‘the unreliability. of criteria,
particularly whem*they take the form-of ratings, essays, oral examina- .
tions, and other admittedly subjectivd judgments. This is all to the .
good, but;jt should not alkow one to assume that because quantitative,
' apparently objective, accurately measured performances are used -that
S rsl ability will-.be -automatic.. The wnreliability of error measures in

practice bomb Qroppiqg*during World Wa; II cadet training is a case in*_
point. * ' e . . -
S N 4 -

Effect on Training . - B — . - .

[ ' 4
In searéhing for and introducing criterion measures, it is impor- .
tang to be alert to their effect on the training process. Tpis§§;
eqpeciilly true 4f. the criterion involves.sampling.a relatively all
pumber of -all thbse‘items which should be included in training. In
suéh a’ case the inevitébleAtendenéy‘is to grddually c&icén&rate the - L
‘trainingon only those items that are-to be evaluated. o

- T
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i \#=,“" it séims*worthwhile to pursue the ﬂeasuremen of apeed as a waf

'-*~' of déaling with ‘the . criterion._ "I see this as largely a matter of a _[h

diiferent'way of measuring the criﬁerion rathes than praducing a truly ~ "

w

\'; different ctiférion. 1One still has te make the Judgment, about and
. decision on what béhavior will determine‘the end &qint for measuremenﬁ
of time conSumed) r, v

[ v
,
- . ¢

Group'Perforﬁance . o8

v

o

It was recognized that some of the examples- described really
involved performance of a group or system rather than that of a single
individual. It seems desirable to keep these two types of performance
separate. . While individual performance. can frequently be aggregated

",

S

B to provide a group measure, it is likely that in many cases ‘the groui,.,u;d
performance will reQuire some separate measuremene of group 5ﬁ%domesim. ;:J
; . e X B S
-'__ggnitive,Emphasis o e o .;

’ .One finai no -I.was struck with the continuing emphasis in many

of the presentations cognitive and intellectual variables. I would
not want to underestimate their importance and, as one who's been _
involved in work almost entirely concerped with such variables for '
many years, I recognize the much greater ease of measuring them. .
‘Nevertheless I think we can continue to be lulled into false feelings

of success by putting too much weight on such measures.

~
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A pervadigg themé of this symposium has been the need for con~
° centrated effort directed toward '"doing something" about the criterion®
.problefn in personnel research in.the military services with partiﬁular
- focus on the meaSuremen;_oﬁ on-the-job performance. - : s
A:lthough I think nothing in the papets w: have heard could be
‘'viewed as a “quantum:step' in the "solution" to this problem, I think
there are overtones th& elieve do warrant some recognition,
and that offer at least modest encouragement .for the future. In the
first place, although I may be-.a bit Pollyannish I believe I sense a
seriousness of" concern abgut this problem in the military services that
hopefuldly will provide thé momentum for concentrated® attention on .
this problem, which is clearly-a critical qne in connection with - -

P ersonnel research. And in the secdond place, I, believe there are a .
£bw bits of wheat mixed in with the chaff -that might take root and
develop into some new "strain" of criteria or approachesto criterion
deVelopment Let me now touch perhaps a pit randomly on a few of ‘the

aaints that were made in the papers that seem -to me to be of particuLar'

- '- :

interest. .
Y

To;begin with, Mullins and Ratl4ff in their piscussion of the
- "Cxiterion Problems" emphasize the point that the best predictor of -
future achigvement ig some indication of past achievement. (This 5
. theme, of course ‘has been expressed by various people, including *
- Wernimonf and Campbell in their paper "Signs, Samples;. and Criteria.")
Following along this line, they raise the question as to whether there
1s really any difference between. - predic torsﬁgpd criteria, since Hoth ,
are measures of achievement of: some typé.™ rahauega great deal of

) sympathy with this point of view, since predictors are measures of
some type of achievemeht. ggt granting the basic thesis that pre-

« dictors and criteria both afe measures of achi&ment--that 1is,. that

™\ they. do not differ in their naturts-—-I beileve that' at least in many '

" circumstances they do differ substantially in "degree “‘particularly
the degree of complexity. 1In other words, I.believe that. criteria _
generglly are harder nuts to crack than»predictors. . : .

W .

_ ] was interested. in the listing by Weeks‘%nd Mullins (in their o

. Qaper on "Rater Accuracy") of the basic dimensions of the rati g

.

paradigm, these being: (l) theI;atér;L(Z) the‘person rated, -(8) the. . ..

trakgs or tasks to B‘é/rated (Af) the "social’ environment and (5) tls
- phyj icalJenvironment. I believe all of these warrant g;stematic .'

i ‘- (‘
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'ihvestigation as sources of possib e variance (érror ‘and Btherwise) .
" in -criterion-%Wevelopment:," and T - ainly suppert their proposdl.to - '
'explore some of the.problems associated with' rafers “v It would“be . 55-;*
particularly useful to be able to identify: those indiViduals who can - , _
serve ‘as good raters and also to explore the extentdto which training .,
.. of raters can improve their performances *{In, a study we have juSt .
" .'  completed it has found that even moderates training of raters had
some beneficial effect hpon ‘the ratings made by them ) .'{~“_,E N
; s o e
Aside from the factors which they ‘mentioned however, I believe -
there is ancther ‘area that warrants substantial attention, and that
relates to the type of "rating' procedure that.ig used.: Curton,
~ Ratliff, afid Mullins in their pdper "Content-Analysis of Rating - —
griteria, do in- fact refer tq this matter, in particular by referring '
- tp the use of. behaviorally anchored scales as contrasted with con- - .
. ventional rating scales. However,/there may be Sther approaches to' e
->"the development, of criteria that might also be subject to Bome comparas
".* tive analysis Other types of rating procedures of course include h
" .foced choice nethod ' the weighted checklist, the various personnelF
comparison systemg (such as rank order, . paired comparison, and forced*f -
.-distribution), and the* crziical incident technique. Actually most of = . )
these methods of obtaining¥personnel’ appraisals differ in the natuze
~ of the human résponses that are. required. 'For example, the forced .
choice checklist: and the: weighted checklist depend,pretty ‘much on, iy o,
the. "descriition of behaviors rather than making evaluative judgments "
about behavior. JIn.turn; the conventional rating sca1e requires the .
making of absolute, judgments as contrasted with the relative judgments‘,
that are required by the personnel comparison systems. Varioysg
experimental studies dealing with ‘judgments people.can make about
physical stimuli indicate that people are much better in making rela-
, tive judgments than itﬁkihg absolute judgments. “I .thoroughly. support

Christal's argument fo he uge of relative judgments in at least many

- circumstances where h judgments must be used. !

. 'L
Along this line, the suggestion made by Mullins and Weeks in . .
their- paper "The Normative Use of Ipsative Ratings.' is ather '
intriguing one. In addition, I might: refer to 'some of ?ﬁz notions
. that were suggestéﬂ back _a.few years ago in this same hotel Telating
to ‘performance evaluation of Air Force ‘officers. A number of rathert!
ingenious suggestions were made at that time that might be further
explored in connection with their relevance in developing criteria, 3
i be .
‘Thus, I would urge . further- comparative studies of différent : )
methods of evaluating the ‘performance of individuals, including com-
a parisonsjof different "types" of human judgments, both as related to
,theie psychometric properties and to their practical differences, as -
’. ferred to by Curton, Ratliff and Mullinsqu_rg

-
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- -‘compensate for .poor. human judgments ) Granting this ubiquitous fact, -
" however, we should try to !find out. as much ‘as: we an about the processes -
of making human” judgments, toward the end of the dévelopment of the = -
_''rating’ procedures" that provide the best oppotﬁunity for eliciting the °
" best judgments people can L .~Bob Guion's puﬁlie pronouncement of a :3;
‘mid-career shift to investigafe the processes of making human judgments S
is indeeﬂ an. encouraging s gnf -

.

) The development and ude of on tiff job sample’ tests.or what Foley o
o -refers to as performance measurement (PM) cértainly deserves. some_ place
o *‘in“the_milttary system. “There ig ‘prebably no questign but that the” uge
of such tests can provide 4 reasonably adequate basis for. the derivat%'ﬁ*”"“;
of criterion values and performance meastres of individuals.- '
problem with respllt “to NueH" measures, as we all knoy, is that 3{ time sg
and cost. .1 presume the basic' problem here is one of somehow determin- ?’
ing those areas and types of, jobs for.which ‘this, time, and cost would; be* ‘
cost effective if such tests werd usede as contrasted to those areas g0
_ eere it would .not be cost effective. Beca.use of the practical" problems CN

cost and time involved in development and Use of job sampte tests, . - ‘
however, I would urge further exploration of the "simulation" of such .. -. .
_ tests as Foley, .suggested, and of.the extent. o) hich "sampling" the ., .
- 4+ performanc ogbvarious aspects of the job ; uce criterion values ':
' that may proximate measures -of performancey he total job. The S
. theme of simulation and sampling vas’ also referfed to by Mullins, ST e
‘Rat1liff, andifgEles in theip paper on "Synthetic: Criteria«" " If they '~ .
confirm thé”finding that their '"R-technique" and "M-technique' provide . .-
. the Basis for derivingaestimates ‘of performance that are- strzéfly a '

correlated with actual performance, such a r0u€e is one that hould be -
: pursued. e N R R T e
AlthOugh we tend to seek the "Holy Grail" of the ultimate criteria
of performaace, we certaingy.should not bypass the operational. ﬁeed for- ¢
‘ ~-criteria of achievement in training, as referred to by Meyer in.his™ . w
n;~discussion of . Instructibnal Development Systems - (IDS), and as dis-_- -

cussed by Deleo in the paper by him and’ Waters RS

N . .”“ o -

-

I.was very h interested in Dr. Christal s suggestion regarding
" the use of time as a criterion, with variations in terms of the. _’,;.
~.speed- of acquisition decay, and reacquisition.~ 1 personally feel g .
> that the time taken to’!earn something - 1is, at least on rational grounds,“
an jindication ef learning ability, and feél ‘that : effﬂs to use time as = -
the. basis for establishment of criteria might wellswXfant considerable’ .-
. attention. In"this . regard howaver y.I might comme n_ong upossible -

" -problem, *and that is the problem of determif the.poig Y,
. jwhich a person s performance or - acguisition 111 hag
" "satisfactory" level’s ~( hOugh time might then be.'a 1 ok :
{ . measure, thé use of -this &es .not - ‘couplgtely avoid ‘the" o' make -

.- some‘determination as’to the "leVel" of perfcrmance of individuals )
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As a sideline comment about time, I might add another point, that the
stage at which a person initiates his learning presumably is an important
factor in the time taken to achieve some previously determired level of
proficiency. This matter has been rather thoroughly explored by

Stanley Lippert, to the point that he has derived an "equation" for
taking into account the stage of skill at which the person starts
training, and has found that this improves very significantly the
prediction of the future learning of the individual.

I was quite entranced by Fred Muckler's paper in which he covered
the many facets of criteria from A to Z, or perhaps from AAA to 2ZZ. I
suspect he must have lain awake many nights pulling together and
organizing what I believe to be a very significant discussion of this
problem, in particular in crystallizing a number of points and issues
which have otherwise been lurking furtively in the background. I.think
especially his listing of criteria for criteria is one that might well
be posted on the walls of research offices in much the same manner that
many homes used to have /framed mottos on the wall such as "God Bless
Our Home." ‘ "

Before I close IMould like to add three additional reflectionms.
In the first place, .althotgh ratings have been thoroughly maligned
many times over (and certainly with some justification), there are aR
least a couple of factors that will probably cause them to be with ‘us
for a long time. There are some aspects of human behavior for which |,
human judgments probably are the most appropriate basis for evaluating. -
performance. Furthermore, there are some aspects of human performance
that conceivably should be evaluated on the basis of some "objective"
measures—-but for which we have not been bright enough to figure out
adequate methods of measurement. In such instances the basic problem
may be one of figuring out the best way of obtaining reliable and .
valid judgments, rather than being overly obsessed with the notion of
_obtaining "objective'" measures of performance.

In the second place, I would like to suggest further attention to’
the notion of "quality control" as applied to human performance -
evaluation. This is not a new idea, of course, but I believe it has -
some further relevance to the criterion problem.

»

And in the third place (in which I will reflect ard admitted bias),
I believe the military service should pursue the notion of what I - '
prefer to call -job component validity (previously called synthetic
vaiidity). The development, for a good sized samplé of jobs, of a
solid data base characterizing the relationship between job components
on the one hand, and human requirements for performing the ac;iyities
involved in them on the other hand, might offer the possibility of
applying the relationships so teased out to other jobs, thereby ‘
avoiding the necessity of developing criteria for each and every job
classification. C

i ('fl) l?.
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In closing I will say thau I am really impressed by the séhse of
"commitmerit of the individuals who have presented padpers at this,
-géminar; in terms of their interest in the criterion problem ahd also
‘at some of the notions that have been bandjed about, I would be ‘
. surprised if; as a result of this. seminar, there would ‘be any real .
,earth-shaking ‘results that ‘would "solve' the criterion problem for all
‘time. At the same time, one would hope that this seminar would at
least result in the ekchange of ideas regarding-this important .
problemnto the extent that’ some 3, or 5,.or 10 ‘years hence one would
be able to lpok back and say that development in this area has moved
forward by at least a few steps since this time. ° .
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