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DETERMINING A WORKER'S NET WORTH: A COST-ACCOUNTING APPROACH

Je E. Uhlaner

The papers this morning «ill deal with a discussion of a system for
assessing the net worth of & worker developed in connection with the
research program of the lersonnel Research Branch, The Adjutant General's
Office. Dr. Goldberg will concern himself with discussing the definitions
of some of the basic concepts in this system, the approach used in arriving
at a measure of net worth, and some elaboration of the meaning of a new
unit, the Manpower Unit, devised for the purpose of this approach. He will
be followed by Dr. Bornstein who will pr=sent an approach of measuring the
performance of workers in ordsr to arrive at a good eztimatz of a worker's
assets or productivity. Since it was decid=sd that performance measures
would be critical for this portion of the svaluation and further that a
measure obtained in as realistic a working setting as possible would be
essential, the "concealed job sample" was devised as the best approach.

One of the practical problems of utilizing this approach to the evalua-
tion of a worker's net worth concerns the collection of a huge amount of
data. The feasibility of this approach, in part, depends on the ability
of communicating the method of collecting the data for the job sample
performance test. Mr. Robinson will discuss the communication procedures
worked out by our group in carrying out the research in the selectsd fev Jjobs.

Finally, Dr. Roy will discuss the use of performance measures of pro-
ductivity and appraisal of associated costs to determine the worker's net
worth. He will survey the situation with regard to the worker's evaluation
and then summarize the system outlined by all the speakers and indicate how
it can be applied to the industry and to the military.
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I. A SYSTEM FOR STANDARD WORK UNITS IN CRITERION CONSTRUCTION:
THE MANPOWER UNIT

Solomon C. Goldberg

In this presentation I will try to describe very broadly a method for
applying cost accounting concepts to criterion measurement. In many ways
this method will be similar to the "dollar criterion" proposed by Brogden
and Taylor. We would agree with their definition that "The criterion should
measure the contribution of the individual to the overall efficiency of the
organization." This definition strongly implies that a man's net worth to
his organization is the difference between his contribution to the organiza-
tion and what it costs to keep him working. in other words, his assets minus
his liabilities would be his net worth. This is +the balance sheet concept of
net worth we want to employ ia our method (Chars 1).

Our major practical question is, "How do we get assets and liabilities
into the same terms so that we can subtract one from the other?"” For
instance, if we are measuring the net worth of salad chefs, we can count the
number of salads he makes in & given period of time es assets, and his
materiel wastage and absenteeism as liabilities. But how can we subtract
wastage and absenteeism from the number of salads he made to get net worth?
Our problem is to find such a method. For example, if a chef is found to
make 10 salads and 20 stesks in an hour, how can we add 10 salads and 20
steaks together to determine the worth of his assets?

At first glance the dollar criterion would be an appealing approach to
these problems. All we would need do is find the dollar values of assets
and lisbilities and then make the appropriate additions and subtractions.
However, conceptual difficulties are encountered in attempting to apply a
dollar criterion to military jobs because the Military Establishment is not
a profit making organization. A term more useful to the military would be
manpower. In terms of manpower, what sre a man’s asse®%s, his liabilities,
his net worth? An approach of this sort was conceived by Uhlaner and
elaborated by Brogden. Instead of the dollar, the appropriate unit of
measurement for assets and liabilities is the Manpower Unit, which we will
abbreviate as MPU.

A. DEVELOPMENT OF THE MPU

In order to illustrate how an MPU is obtained, let us choose a hypo-
thetical job in which an individual has two separate duties--he packs apples
into crates and he nails tops on to the crates. By means of a performance
test, we can count the number of apples he packs within a given period of
time, and we can count the number of box tops he nails within a like time
period. However, before we can add the packing and nailing scores together
we would have to be able to say that "so many" apples packed is equivalent
to "so many" tops nailed. In other words a unit of measure common to pack-
ing and nailing is needed. To do this, we must have a reference point.

You may recall how the unit of length called the yard was established.

-3 -
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An English king decreed that the length of his =rm would be called a yard.
The king's arm was an arbitrary referencs, but the arbitrariness of the
reference does not preclude it from being & stondard unit henceforth.

With the MPU, our reference is the men of average intelligence, that
is, one MPU is eguivalent %o that amount of work done in one hour by the
man of average inteliigence (Chart 2). Thus if it were found through
performance testing that the man of average intelligence packed 500 apples
per hour, this would be equivalent tc one MPU; and if he nailed ten boxes
per hour, this too would be sguivalent %o one MPU. If we tested a wc ‘ker
on the job and found he packed 250 apples per hour and nailed 20 boxe: per
hour, he would be given a score 0.5 MPU for packing half as many apples as
standard and 2 MPU for nailing twice as meny boxes as standard. His scores
for the separate job elements of packing and nailing could be added to give
him a total score of 2.5 MPU for the job.

1. Support of Productioa

The derivation for the MPU just presented would be sufficient only for
"Jobs that did not require support from other jobs. The realities are, how-
ever, that most jobs are supported by other jobe and would not be avble to
function properly without this support. For example, any Jjob on an assembly
line is supported by the jobs in which the parts to be assembled are m ie.
The point to remember about support is that the finished product should not
be credited exclusively to the man who finishes it. The finished product
should also be credited to the people in support jobs. In the case of our
apple packer, let us say that he is supported by four apple sorters who
sort apples according to size prior to packing. Then if our apple packer
packs 500 apples per hour, this must be credited to all five men. Assuming
that all five men are of average intelligence, we could then state that 500
apples were yielded by five average man hours. One average man-hnour of work
or one MFU would then be equivalent to 100 apples. In other words, 500
apples must have gone through our apple packer's hands for him to earn one
MPU, but he is only credited with his share of them, i.e., 100 apples.

What difference does all this make? The amount of support on a job must be
taken into account when we attempt to assess the productivity, especially
of a member of a work team.

Let us follow the camputational example, appearing at the end of this
paper, which compares a person's MPU value when support is and is not con-
sidered. Let us say that the apple packer we are concerned with packs
only 300 apples per hour instead of the standard 500. If support were not
considered, our man would be credited with 3/5 MPU, i.e., 300 apples divided by
500 apples. On the other hand if we considered that our man is supported
by four other men, then we must say that 300 apples were yielded by four
MPU's of support plus an unknown number of MPU's expended by the man in
question. In the example, this is equation (1) which reads 300 apples =
4 MPU (of support) + X MPU (of apple packing) (1). What this means is that
we are trying to determine a man's MPU value to this aggregate if he packs
only 300 apples per hour. Our first step is to convert the 300 apples to
MPU's. This is done by dividing the 300 apples by the number of apples
equivalent to one MPU, i.e., 100 apples.

-7 =
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This yields equation (2) in the example which reads 3 MPU = 4 MPU
(of support) + X MPU (of apple pecking). Colving equation (2) for X we
find that our apple packer has & value of minus one MPU. This says that
when our apple packer packs 200 apples _ess tha:n standard and when at the
same time he 1s supported by four standarc workers, his value to this
aggregate is negative. An additional interprevation is that the organiza-
tion would be more efficient without this man, even though he packed a
positive number of apples. How can this be so? It can be shown that if
one of the standard support men replaced the deficient apple packer, this
smaller aggregate of only four men would produce 400 apples per hour. This
means that adding the deficient man to the short crew would result in 100
less apples produced. This is why his MPU value is negative.

2. lost Time

Thus far we have considered a man's value on an hourly base. More
often we will want to know his value over an <xtended time period,--perhaps
a year or even longer. In this event we woull have to take into account
the time during the year the individual was absent from duty. During that
time he is obviously not producing anything. Thus to obtain a man's yearly
production, we would merely multiply his hourly production by the number of
hours in the year he was present for duty.

3., Off-the-job Costs

Other man-hour costs are those incurred by the worker when he is absent
from the job. This is particularly applicable to those organizations which
provide fringe benefits such as resident nurses or doctors to attend workers
who are temporarily il1l. The Army, of course, does this on a full time
basis. These costs, too, would be translated into man hours and charged
to the worker.

4. Conversion of MPUs to Dollars

If the psychologist in industry or in the military has more use for a
dollar measure than for an MPU measure, the conversion from MPUs to dollars
may be accomplished by equating one MPU with the dollar cost of an average
man for one hour. In the Army this was found from camptroller figures to
be $2.61 per hour (Chart 3). Thus an individual's MPU score may easily ve
converted to dollars.

Moreover, there are many Jjobs in industry for which an individual
worker's dollar value would be desired but might be more difficult to obtain
than would a MPU value. If average dollar costs per man are availaeble as
in the Army, MPU values for individual men can then be translated into their
corresponding dollar terms.

In other jobs where dollar criterion scores are cbtainable, it may be
of additional interest to management to know the corresponding MPU scores.
These can be obtained by dividing each individual's dollar score by the
dollar score of the average man.

-11 -
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B. SUMMARY

I have attempted to describe a system of criterion measurement which,
by means of a common unit of measure, makes 1t poseible to combine scores
on different tasks in a job. This unit of measure is the MPU., The
reterence for the MPU is the men of average intelligence. I have tried
to show that an MPU 1s equivalent to this average man's prorated share of
the things he produces in one hour with the aid of the men who support
him on the Jjob, and the men who take care of him when he is off the Jjob.

In this short presentation only a broad outline of the MPU system
could be presented. For those who are interested in more details, the
development of the MPU ir symbolic notaticn is given below, following the

apple packing example.

300 apples = 4 MPU (support) + X MPU (apple packing) (1)
3 MPU = 4 MPU (support) + X MPU (apple packing) (2)
X MPU = 1 MPU (3)

Development of Manpower Unit in Symbolic Form:

Uza.v,m = xza.v,m N Sa.v,m . Ca.v,xn (%)
where:
Uav,m = the observed number of units of production for any given
task m of a job produced by the average man in a year.
xa.v,m = the number of average men hours apportioned to task m in

a calender year for an average manj i.e., the number of
hours in the y:ar he is "being paid for."

Sav a” the number of average man hours in a calender year in
’ support of the average men on task m.

cav . off the Job costs, in average man hours, epportioned to
?

task m for the year.

In order to determine the value in production units of one average
man hour (AMH) we divide equation (4) through by (xav S L RCE m)
vhich process yields: 2 ’ 4

1AM =U, (5)

X + S + C
av,m av,m av,m

-15 -



Thus, the number of production uni%s .cuivalent to a manpower unit 1s the
right side of equation (5), which, .e'nafter, will be symbolized more

simply as Umpu o To determire t'w  2U contribution of any individual i
2

who produces more or fewer units of production than average, “he units

produced in a year by 1 are divided by the runber of units equivalent to

an MrU, (Umpu). The resulting equation (6) is then solved for Xim:

Uim
Unpu,m

= Xim + Sim + Cim (6)

where:

Uim = the observed number of units of production for any
given task m of a job produced by individual i in a year.

Xim = the number of MPj's attributable to 1 in a year for task m.
Sim = the pumber <f MrFU'e in support cf i in a year for fask m.

Cim = the mumber of MPU's in off-the-32b costs incurred by i,
apportioned to task m.

Umpu,m = the nuzher of urits produced in on= clock hour bty an
average man for task m.

Solving equation 6 for Xim we ge%

Xim = l&‘u’m [Sim + cim/ (1)

Support can be logically separated into two types. First, the support
a worer receives whether or not he is present for duty is termed overhead
gupport. In this category ar=z such things as administrative work, building
maintenance, and the like. Each worker receives his share of overhead
support, and the supporting personnel expend this effort whether or not the
worker is present for duty. Second, the support a worker receives directly
from supporting personnel and which can occur only when the worker is
present for duty is termed diract support. In this category would be the
support of KP's peeling potatoes for cooks. If the cooks are absent, the
KP's would not perform their supporting duties. The point here is that a
worker should not be charged with direct support on those occasions that he
is absent from duty.

For this purpose Sim is broken up as follows:

- T4
Sim = Som + F— Sdm (8)

- 16 =



where:

Sarn = the number of MPU's in support 51 i ‘n a yesr for task
m regardless of the presernce ur apsence 20 1 on the
Job (overhead support).

the numker of MPU's in sups.~t of i in a year for task
m only whea i is present for duty (direct support, .

Sdm

1}

e
44

hours actually worked in a year ty 1

Tev = hours actually worked in a year by the average man.

Substitubting equation (8) in equation (7) gives:

Uim il
EoUEk Xi,m + So,m + z== Sd,m + Cim (9)

Solving equation (5) for Xim gives:

Uim i e
Xim = o So,m + Tav Sd,m + Cimy (10)

In order to obtain the total MPU's attributable “o the efforts of i
for k tasks in e Job, Xim must be summed over k tasks 2s follovs:

Total MPU for Xi = Xim (11)

= E e



IT. THE CONCEALED JOB SAMPLE

Harry B.rnstein

After outlining the need for obtaining 2 statament of a worker's net
worth, Dr. Goldberg presented several ccncepts which should be incorporated
in such a statement. One of these was the manpower unit. I a: going to
talk about the mechanics of cbtaining some of the data which go into the
determination of the manpower unit. MWore specifically, I am going to deal
with the problems of how to measure the actusl productivity of a worker.

I will be concerned with the "raw stuff" of productivity--the rate of
adequate work.,

We in the Personnel Research Branch helieved that a trust-worthy index
of rate of adequate work could te obtained only from measuring instruments
which would substantially meet thr:e major requirements: (1) unbiased
samples of job performance, (2) measurements from which ratio scores could
be derived, and (3) comprehensive job coverage. The measurement tool which
seemed to offer the best poscibilities was the concealed Jjob sample. By
concealed job sample, I mean a standardized sample of work performance
which is obJectively ecored but yet which has been obtained under conditions
as similar as possible %o those found on the job. This paper describes the
major characteristics of the concenled job samples used to measurc the rate
of adequate worth on three Army Jjobs: the field artillery cannoneer, the
pole lineman, and the cook‘s helper.

The pole lineman and the cook's helper Jobs have very close parallels
in the civilian econamy. And even several aspects of the cannoneer's job
are quite similar to tasks found on many factory assembly lines. Therefore,
the techniques I am about to discuss should be as applicable to industrial
settings as they have been in the military situation.

A. UNBIASED SAMPLES OF JOB PERFORMANCE

The salient features of the measurement rational requirements will be
found in Chart 4. Let us turn to the first measurement requirement--unbiased
samples of job performance. Putting it as simply as possible, it was desired
that the examinee work just as he might work on any ordinary day. This meant
that he should not be aware that he was being tested. It also meant that
there should be notaing unusual about the work setting or the tasks performed
or the manner in which examinee interacts with his co-workers and supervisors,
At the same time, the standardized conditions required for a test had to be
operative. As mentioned earlier, a concealed Job sample seemed to be the
best bet to accomplish these purposes.

Three major problems had to be solved before adequate test concealment
could be achieved. First, there was & requirement for a reasonable approxi-
mation cf the actual physicel work setting. Second, sufficient control
over the behavior of worker and his co-workers had to be established so
that each examinee performed exactly the same tasks. And, finally, the
recorder=-observer had to be introduced into the situation without revealing

the fact that & test is going on.
-19 -~
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l. The Field Artillery Cannoneer

The first job studied was th2 field ertll.ery cannoneer. The
cannoneer carries out stereotyped tasks in a hig.ly roatinized team
activity. Basically, the team services a singie large plece of equipment:
the artillery piece. Instr..-tlons are relayed to the team by telephone,
and each member of the team is supposed tn respond to these instructions
ian a rigidly prescribed manrw:.

Concealment on this Jjob wrs not too difficult to achieve., The fixed
physical setting was approximated by having the firing officer locate the
suitable equipment in the same relative position each time the artillery
pieces were fired.

Control over the cannoneer's interactions with the other crew members
vas relatively simple. A smaller crew than was usual in garrison serv’ced
the weapon. This type of crew was then glver gsome dry runs so it cow .
get used to the new crew cpecation. Afber *%ha%, the members of the crew
performed substantially the same jobs usuaily performed. Crew members
then rotated assignmente as they normally do in traianing thus permitting
independent measures on the work performance in each crew position.

Fach cannoneer was scored by two people. Speed of work was scored
by men gitting in a bogus fire-direction control center about fifty yards
away from the artillery picces~-a usual tralining setup. The safety
officer, who by Army regulation must be at the piece when it is fired,
scored quality or accuracy of work. Since he is required to carry a
safety card and check safety limits each time the piece fired, it was a
small matter to change his function without the cannoneers' being aware
of his new activity. The cannoneers were told that they were firing the
pilece in support of a fire direction training problem.

2. The Pole Lineman

The concealed Job sample constructed for the pole lineman Jjob was far
and away the most difficult one to construct. The pole lineman operates
as a part of the team which sets up or takes down telephone cable in a
military communication network. The lineman's work role is flexible. It
is dependent upon his own skill, the skill of the rest of the wire teanm,
the team chief's supervisory habits and abilities, and the nature of the
specific communication job to be performed.

The physical area in which the lineman works usually ranges over
several miles of terrain. Approximation on this job consisted of selecting
work areas which would contain the same number of mejor and minor roads,
which covered roughly the same type of terrain, and which required the
same amount of cable, equipment, and manpower. In some few instances
small fake roads had to be bulldozed. The final results of these efforts
were pretty much indistinguishable from the physicel setting in which the
examinee usually worked.

-23 -



Control of the wire teum was a difficult metter., An entire crew had
to be thoroughly trained for =he t2st performance, Each man was assigned
a function which he carried out szxactly «ach ime the team performed. The
entire operation of the %zsm was designed to provide each man with a
reasonable type and amount of work. Tre work pratnern was arranged so that
completion of the entire task was completely 3e=pendent upon the speed and
skill of the examinee who, incidentally, was detailed to this crew on the
tes%ing day.

The work of the pole iiloemen was scored by the Team Chief. 1In the
ordinary work situation the Tcam Chief has a fair emount of record keeping
to do. One type of record keeping regui-es labelling the cables being
laid or picked up. In the job sampie, tne scoring was done on & bogus tag
card while the examinee worked. The entirs c¢rew was told that they were
supporting a tactical problem. Of course this orientation was for the
examinee's benefit rather than for the r=st of the crew since they already
knew that this was a t2st sinuadion.

3. The Cook'’'s Helper

Concealment on the cook's helper Jjob waz the =asiest to work out.
The cook's helper parforms primsrily as an irdividual worker in the midst
of an aggregate of individual werkers. Moreover, he works in a fixed,
compact work area. Incidentally, our sexperismcs se=ms t0 indicete that
concealed Job sampies might be relatively simpie to construct for most jobs
that are primarily individual in character.

On the cook's job the existing physical satting could be used. It
was only necessary to insure that ell of the kitchens used for testing
were of the same general Hype.

Practically nothing had to be done to control the cook's helper's
co-workers. The mess steward merely had to give the desired assignments
Y0 all of the workers in the kil%chen.

The observer-recorder was introduced into this situation as trainee
for a first cook's job--a job requiring rather ordinary on-the-job train-
ing. He spent most of his time with the first cook, ostensibly in order
to learn about the job of the first cook. However, since he knew exactly
what the examiree was to do, as well as being very familiar with the
kitchen operation, he noted how long each pertinent activity took without
being observed by the examinee, His scoring was done on a small card
which was usually carried in a treast pocket. Recording was done out of
gight of the examinee.

B. RATIO SCALE SCORES

Now to move on to the second requirement of the measurement rationale-~
that of obtaining measurements from which ratio scale scores could be
derived. As Dr. Goldberg stated, ratio scores fall at equal intervals on
a scale with a known zero point. The zero point on these job samples is no
adequate work. The other major problem was how to obtain equal intervals.

- 24 .




In any work setting, therz appesr to he three alternate possible
methods of cobtaining a ratio s:ale of oo nerformance. These are:

1. Set a fixed length of time ané :1lcw arcuat of work to varys

2. Set a fixed amouat c? work &nd ai.cw the length of time required
to accomplish this work to vary;

3. Apply statistical correct ons %o varying amounts of work and/or
varying lengths of time required to accomplizh the given amount of work.

The first approach could not bz ised because stopping a man in the
middle of his work would destroy test concealment. The second approach--
the presentation of a fixed amount of work coupled with an obtained
measure of how long it tock to do--was used on two of the jobs. There-
fore, each cannoneer was requirsd to unload the same amount of emmunition,
fuze a standard number of rounds, ard losd and fire the same number of
rounds. On the lineman job, work situatiors were set up requiring the
lineman to climb a predewermined number of telsphone poles, mske a
specified number of ties, dig e standard number of ditches, and pound Just
the same number of stakes. Two measursmente wzre made of each of these
activities: First, a Judgmer®t of whether inz task was adequately or
inadeguately completed, anc second, the tipe required to complete the task,

The third method, that of statistically correcting for varying lengths
of time to complete a varying esmount of work, was applied in the cook's
helper work situation. This method was necessary in this situation because
men were tested in existing kitchers, each of which fed verying numbers of
men. This meant that different cook's helpers prepared different amounts
of food. If concealment werz to be mairtained, cook's helpers could not
be given a standard amount cf food-stuffs to handle. Taking into account
the relationship between speed of work and amount of foodstuffs handled,
we were able to give each examinee a score which reflected how long it
would have taken him o prepare the same quantity of foodstuffs.

C. COMPREHENSIVE JOB COVERAGE

Of the three major requirements of the measurement rationale, compre-
hensive coverage of Job performance was the most difficult to satisfy.

l. Section of Job Elements or Tasks

The measurement rational= suggests two major criterie for the selection
or inclusion of job elements in the overall criterion. These are (a) the
amount of time spent each week by a job incumbent on the job element and
(b) the amount of support given the job element. As Dr. Goldberg indicated
earlier, relatively little variation in the job performance of the worker
on job elements high on either of these criteria could make a great
difference in job output.
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The initial step, therefcre, in selecting tasks or elements for
inclusion in the job sample, was the obttaining of estimates of time spent
on an element fram 100 or mores supervisors. Such estimates were obtained
for each job element. However, support esftimat-s could only be obtained
for the Job as a whole.

2. Picking the Jjob Samp.e

As in all performance testing, considerations of time, equipment and
money entered heavily in the choice of Jcb elements which were measured.
Job elements were included in the Jjob sample in what we believed was the
optimum combination of feasibility end impcrtance. The result was
expensive and time-consuming. The cook’: hzlper work sample covered an
entire day. The other two job samples were approximately of a morning or
an afternoon's duration. These procedures yielded samples of activities
vhich made up 31% of the cannonser's work wezk, 53% of the pole lineman's
work week, and L5% of the cook’s helper’s work week.

3. Measurement of Exzluded Job Elements

Hovever much was included in the Jjob semple;, all the job elements
could not be measured. Arnd that is the major limitation of the concealed
Job sample technique. If some of the more iutangitle products of job
rerformance could be scaled in terms comparable to those already presented,
the technique might give & still more complete description of Jjob
performance.
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III. THE COMMUNICATION OF JOB-SAMTLE PFRFORMANCE TEST
PRCCEDURES TO (/PHER PERSONS WHO WILL UTILIZE THEM

John E. Robinson, Jr.#*

It has been evident from the preceding papers that the productivity
measures developed for this rezearch were very complex tests. The amount
of difficulty to be expected in any attempt to describe the nature of
these beasts for our colleagues cr chher legitimate users is easily
appreciated. With reference to this commanication problem, the following
paragraphs will outline our experience in four areas:

First, what were same of the specific commmunication problems
caused by the nature of the tesis?

Second, what methods were employed in attzuwpting to solve
these rroblems?

Third, How expensive were these methods?

Fourth, how well did these methods work?

A. COMMUNICATION PROBLEMS

The specific communication problems arose generally from the inherent
camplexity of the tests and from the fact that the standard testing
situation had to bte the normsl duty situation. These specific problems
are listed below:

1. Meacurable tasks had to be defined in detail. Specific statements
had to be made concerning what was done by the examinee to or with the
materials appropriate to each task.

2. Independent performance had to be identified. We could not permit
the measurement of an individual to be contaminated by a helper or helpers.
In some cases the test utilized only a portion of a standard performance
because only such a portion could be attributed to the examinee himself,

3. Scoring points (which usually were timing points) had to be
specified exactly. Observers had to be given one particular behavior-
event as a starting point for their observation and another for a stopping
point. The performance occurring between these two points had to be
objectively measurable for adequacy.

4., The overall evaluative scheme had to be described. All persons
having & role in administering the tests had to be told the nature of the
sub~scores to be derived and the total "grade" to be given as a result of
the detailed observations. This helped give meening to each observing task.

*Now with Applied Psychology Corporation, Aflington, Ve,
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5. The probable variations in work psrformance (on measurable tasks)
had to be anticipated and described. The observers had to know in advance
what liberties might be taken with the SOP, ard how these deviations were
to be scored.

6. Beyond these "expectzd" deviations, job information had to be
presented in depth so that observers couwld handle unforseen variations in
a manner consigstent with the productivity evaluation desired. The infor-
mation desired here was general; functional, cr background type information
about the job being measurad,

B. DEALING WITH THE PROBLEMS

Essentially four methods or devices werz used to deal with these
communication problems.

1. A conventional test sdministrator’s menuisl wes prepered, aimed
at, the professional test rassarch persoan or p=r<onnel =2s8ting supervisor.
Specific sections described in careful de%aill ta= procedures and material
necessary to operate the test,

2. A printsd supplemsnt to “he manual wes usad. This supplemant was
slanted toward the observers or scorers who would searve on the testing
team. It paralleled the basic manual in orgarization, but stressed the
scoring procedures to be ussd for all expected variehies of performance.

3. A photographic supplement was prepared for each test. This
suprlement was made up of still photographs illustrating salient points
in the test (timing points, etc.), and a verbal commentary integrating the
photographs. The pictures and narrative passages were aimed at giving
rapid training to test tcam membs»s who were already familiar with the
duties being measured. It was also expzcted that this publication would
provide a good introduction So the job duties for those persons who might
not be familiar with them.

Lk, A motion picture record of the test in operation was made. One
obvious reason for such a. life-like record was to facilitate the training
of observers: in projection rooms the test could be portrayed many times
--in part or in its entirety. A second, and equally obvious reason was
to provide an orientation instrument for use in briefing higher head-
quarters, field command personnel, or psychologists interested in this
kind of test.

C. COST OF METHODS

The cost of these communicetion methods was well within reason.
Reproduction costs of mimeographed or multilithed material were standard.
The cost of the photographic supplements was gratifyingly low. Signal
Corps perscnnel and equipment were available in some cases. (For
industrial or educational institutions, the average Audio-Visual Aids
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group should prove very satisfactory.) In other ceses where Signal Corps
help was unavaileble, good still photogrephs wers obtained with a 35-mm
camera in the hands of an amateur of average skill. The most important
consideration in this matter is to plan carefuily the scenes and behaviors
that are to be photographed. Wasted footzge and exposures are a powerful
cogt-increasing factor in this type of test comminication.

D. TRYOUT

We have reason to believe that these communication methods work very
well. The Cannoneer test was scheduled for administration at Fort Benning,
Georgla and Fort Carson, Colorado, in the early summer of 1956. Two
psychologists of the Personnel Research Braanch were presented with these
materials three weeks before testing was to begin. They were told to
prepare to administer the test in the field, even though they had had no
rrevious contact with the test, Ar experisnced person accompanied them
to correct eisrors and answer gquestions, bul these two men successfully
trained the recessary teams of obsz=rverwscorers, and tested approximately
250 mer. Any points of uncertainty were carefuily noted, and the appro-
priate corrections were made in the communication materials. It is our
belief that these materiels are suitable for th: commwnication of these
tests to new usere, and that the =xpsnse involved is relatively low in
view of the complexity and utility of the measures,
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IV. THE USE OF PERFORMANCE MEASURES OF PRODUCTIVITY AND APPRAISALS
OF ASSOCIATED COSTS TO DETERMINE A WORXERS NET WORTH

doward . Roy

In the discussion so far, you have heard the outline of a system for
assessing the nst worth of & worker. You have also heard a description of
concealed job sample tests which were developed to measure productivi¥y in
three Army Jjobs. In the next f2- minutes, I would like to survey the situa-
tion with regard to worker evelustion, thea to summarize the system out-
lined and indicate how i% can mee<t some of our present needs--how it can be
applied to industry and the military.

The great bulk of the task of evaluating workers in industry and in the
Army is accomplished bty means of some form of merit rating. A vast variety
of forms are administered with varying degr=szs of care by all sorts of people.
They all depend on someons’s judgment of how w=_l “he worker is doing his Job.
In a few isolated instances, productiorn rzcords rrovide a more objective
basis for worker evaluation. Still lass frequesnsiy, one finds performance
tests being used as measurss of Jjob proficiency. AllL of these methods have
one thing in common. They all result in a rark ordering of personnel. That
is, each man is given a relstive standing ia reiation to the members of a
particular group. Such m=2asures provice useful information but for many
employers not enough information., Irn addition to knowing whether one mar
is a better worker than another, the employer may want to know whether
either one of them is making a positive contribution to his business and he
may want to know how much better one worker is than another.

What is ne-~ded is a measure that will exprese & man's net contribution
to his organization. Not only do we need to know how much a man has pro-
duced, we also need to know how much it costs to get that production. It
is quite conceivaeble that two workers, whose measured gross output is equal,
ar< not at all equal in terms of their net value to the company.

A. REQUIREMENTS OF A NET WORTH MEASURE

What are the requirements of a measure that will yield a net worth or
net contribution of the worker?

1. Objectivity

Ideally, observers should be required to record only such objective
things as how long it took to accomplish a task, how many units were
completed in a time period, whether the individual did or did not perform
a particular action. This is an ideal, and one toward which to strive,
not a requirement to be held too rigidly, because to hold to absolute
objectivity would preclude measurement in a great many areas of human
endeavor,
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2. Common Metric

A second requirement is nnat the cs t<ricr measures have a common
metric. Most Jjobs conta~ many element:. Tn order to obhain the complete
measure of a worker's production 1t is ra-<:isary 40 combine the separate
measures of oubput on =ach of these el=meqns. For example, a worker's
Job may include such diversa el=manbte as driving a truck, painting,
repairing door locks, and storing supplizs. To make aa accurate appraisal
of his worth to the organization thers muet be a measure of th= worker's
outrut on each of the Jjob =l=amerts and 1t must ke possible to sum these
measures for statement in a sing.=x ~Xpression.

3. Zero Point and Equal Intervals of Increment,

It is necessary, not only tc rank crder men but to indicate how far
each worker is above another. And ther: mis% be a poirnt on the scale which
represents no production or no comneibiiiion to the effort of the organiza-
tion.

L., Measure of Individual Output

The system must ke capeklz of providirg a measure of the individual's
outpu® when he is performing as part of a group. Ia very few cases does a
man produce anything indzpsndently. Nevertheless, the system which will
yield a measure of net worhnz wust assess what is atbtributable 4o Individual
¥, when I[ndividual X and four or five others produce samething jointly.

5. Reflect Prevailing Conditions

The critsrion measur:zs thsmselvss, should not te allowed to affect
performance. Ideally ths measur:s should reflect what a man produces under
the prsvailing conditions of the Job--not what he could produce under
special motivation such as a %=zst might provide.

6. Feasibiiity

In addition to these psychometric requirements, there is the very
practical requirement that the measures be feasible for operational use
and ecceptable to management.

B. MEETING THE REQUIREMENTS

In the system which has been outlined here, w~ endeavored to meet
these requirements. Objectively scored performance tests provided measures
of productivity. The observer-scorers recorded time and quantity of pro-
duction. Since quelity of performance is a necessary consideration, we
accepted an operational definition of quality. If the work or the product
passed the inspection which management normally imposed on it, it was con-
sidered to be acceptable work. For example, if & lineman spliced a wire
and the first line supervisor, whose responsibility it was to check that
splice, said "OK", then it was considered acceptable for the test and was
counted as & unit of work completed.
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In the expression, "Net Worth = Productiorn Miaus Costs," the term
costs includes both on-the-jon and off-the-job coste. By on-the-Jjob costs
we mean such items as wages, training, sapervi=ion, wastage. By off-the-
Job costs are meant such things as disciplinary infractions, care of
dependents, health services. The military is very much concerned with
off-the-job costs since it is responsible for its workers 24 hours a day.
The same is true in many civilian jobs. Management is concerned with
costs incurred off-the-job by many hotel and hospital workers and in
nearly all cases of overseas Jobs resronsibility for the worker extends
beyond his working hours. Most of the costs of production were available
from existing bookkeeping systems. Tc compute them was simply a matter
of extracting fram these records such iaformation as number of days worked,
sick time and costs of medical care, chargeaci: oreakage, disciplinary
infractions etc. In some cases it was necessary to set up special record
keeping systems to be operated for the duration of the study. The same
wouid probably be true for some industries,

The common metric requir=ment was met by 2z man-power-unit. Remeuber
that a man-power-unit was defined as the anount of production on a given
job, in one hour's time by an averags man. In this case the measure of
averageness was mental ability; vne aversge man was the man with a mean
general intelligence test score. The average man’s production is the
standard against which other m=n's production can be compared by simply
determinirg the ratio between them. And, since this ratio is a pure
number, it can be used to compare productivity in different elements of
the job or even in diiferent Jjobs. If 20 beds made per hour is the average
man's production as a hospital orderly and 4) hams boned per hour is an
average man's production in the packing plar > then, in terms of work out-
put, these two amounts are equal. And a man who produces 10 beds per hour
or 20 hams per hour has a rate of 1/2 MPU.

The man-power-unit also meets the prcblem of zero point and equal
intz2rvals of increment. If the measurz of a man's production divided by
the measure of an average man’s production = 0 it is clesr that he has
produced nothing. And, when his costs of production are high, it is
possible for this ratio to be a negetive number and thus indicate how much
of a o088 thls worker is to the company. Or, conversely in the case of
the high producing, low cost worker, how much greater is his contribution
to the organization than that of the average man.

C. THE MARGINAi. WORKER

Perhaps the most important attribute of the system outlined by

Dr. Goldberg is its ability to measure the individual's contribution when
the individual is working as a member of a group. Because of this capacity
of the system, it is possible to show how much the group is retarded or
facilitated by an individual. One might suppose that & worker who pro-
duced some positive amount would yield a positive gain to his organization.
However, to the extent that his performence slows down production of the
group, his net worth to the organization is reduced. We are all aware that
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one good worker can often do a Job faster by himself than he could if he
had a poor worker helping him. Although it is not always apparent, the
same 1s true of groups of workers. The poor prcducer is quickly recognized
as a negative contributor when his measure of output is waighted by the
number of people whose work 1s rstarded by him. 1Incidentally, this makes
it, poesible to evaluate jobe as well as men. On some jobs, a mediocre
performer will not slow the grcup appreciablys on others the work of the
envtire group will be retarded. In other words, in such situations adding
the poor producer results in a loss of manpower rather than a gain.

In a tight labor market, management is faced with the choice of hiring
men who are marginal producers or of resssigning from within the organiza-
tion. A system of this kind can demorstra*z clearly that adding marginal
workers to some Jjobs can actually result in lower output rate than would
have resulted if they had not been hired. On *“he other hand, reassign-
ment of average men from withia the organizanion are rnot likely to reduce
output further, and have several poentia. advartages thav normally derive
from promoting within the orgarization.

D. CONCEALED JOB SAMPLES

The concenled job-samples described bty Dz, Bornstz2in seem to us the
best, way to assess typical Job performance. If *esting is carried ocut on
the job under the same kind cf conditions whick zormally prevail, and if
the worker can be kept from krowing that he is being obssrved, then there
is no reason to believe that the process of evaluation has affected his
performance either favorably or unfavorebly. Of course, adequate con-
cealment is not always easy, and it is sometim=s expensive, but if we are
agraad that performance under tvpical conditions 1s what we want to measure
than I think we must also agres that the expense and the efforts expended
are Jjustified.

E. JOB COVERAGE

One of the problems which will always cause concern is that of Job
coverage. How much of the job is measurable according tc the standards
I described for you? Jobs will differ widely in this respect, of course,
but in nearly all Jjobs there will be elements which do not lend themselves
to measurement by obJjective performance tests. Suppose we have a job
composed of 10 elements, on each of which the worker spends equal amounts
of time, and of these elements five are measurable., Shall we extrapolate
from the measurement of $0% of his job to the whole Job? Suppose we could
measure only 10% of the job? Should we assume this 10% is typical of
performance in the whole jcb? 1In our work we did just that. We made the
Judgment that performance in the measuratle portions of the Jjob gave us
the best estimate of performance in the job as a whole. We checked this
out in two ways: we obtained subjective rating of performance on the
separate elements of the jobs--both measursble and unmeasurable and we
obtained expert opinion as to the representativeness of the measurable
Jjob elements.
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E. FEASIBILITY AND ACCEPTABILC

I mentioned that a non-psycrometric requirement of a system of job
evaluation is its feasibility !cr operatioc. ana {%s acceptability by
management., On the basis of ite face validity, the type of system we
have described is acceptable to management. We asked the opinions of a
large number cf management, people and found this to be so. Feasibility
for operational use is another matter. These systems are time consuming,
expensive and difficult to set up and administer, but they have one
redeeming feature. Trey yleld the information we want, viz., the measure
of a worker's net worth. ?Perhaps we are forced to conlcude that systems
of this kind serve best as evaluative cri%eria. Such measures can be
tied back through correlation with predictors which are economical and
feasible to administer. By this means the psychologicel traits and back-
ground patterns of individuals who make positive contributions cearn be
determined and such individuals selactzd at the hiring line.

F.  SUMMARY

In summary then, we have outlined an evaluation system designed to
measure the net worth of & worker to bhis orgenizatiocn. Ws have intro-
duced a unit of work measurement, the MPU, which makes it possible to
compare production or different parts of Jot's and across jcbs. We have
descrited job samples capatle of measuring work output under typical
working conditiocns. We believe that application of this kind of system
will result in the most efficient utilization of available personnel.
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