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DE'l'ERMINING A WORKER ' S NET W H: A CO'"'T~ACCOUNTING APPROACH 

The papers . is mo ni 

a c: ssing the net worth of 

earch program of the 

Off i ce • Dr. Goldberg vi 

f scae o1' the basic concept 

-.. . 
a iscussi on of a system for 

. .,or k r deVI loped :in co ection with the 

ch B.anch, The Adjutant General's 

h el.f "' di cus ing the definitions 

t e approach used in arriving 

at a measure of net worth, and ame of the meaning of a new 

unit, the MarJ,pover Unit , de of t is approach. He will 

be followed by Dr . B ~ ar r oac of measuring the 

r1'or.manc of workers o goo1 tmat_ of a work r's 

assets or productivity. Si.:l i was dec id_d .J p~!"formance meas1.1res 

would be critical for t p rt!.on of d further t!l&t a 

~asure obtained in as r al .-i c a or king se... ing a & po ible would be 

ial, the "concealed jo sample' was devi ed as the best approach . 

One of the pract cal problems of utilizi%18 this approach to the evalua­

tion of a worker's net worth co cerns the collection of a huse amount of 

data. The feasibil ity of •his approach, in part, depends on the ability 

of carm i ating the me hod of collecting be data for the job sample 

performance test. Mr. Robinson will discuss the CCIIIIIlWlication procedures 

worked ou y our group in car:-ying o tb research in t he selected fe·u jobs. 

Finally, Dr. Roy will discuss the us of performance measures of pro­

ductivity and apprai al of associated cos s to determ!ne the worker's net 

worth. H vill survey he situation with regard to the worker's evaluation 

and n sw:marize the system outlined by all the speakers and indicate how 

it c be applied to the industry and to the llil.itary. 
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I. A SYSTDt FOR STANDARD WORK RITER ION CONSTRUCTION: 
4 . MANP 

Sol g 

In this presentation r wil t t R ribe very broadly a method 'for 
a p 1ng cost accounting on p t o cr it rion measurement. In many ways 
this method will be similar to .. he "dollar cr iterion 1 proposed by Brogden 
and Taylor. We would a the i r defini tion that "Th cri terion should 
measure the contribution o n d v d.' to the overal efficiency of the 
organization." This defin i tion s t ro g1.y imp ies 'that a man's net worth to 
his organization is the di'fference bet e hts contribution to the organiza­
tion and what it costs t o keep him w r king. :n other words, his assets minus 
his liabilities would be his net .,orth. Tllis is -t.he balance sheet concept o'f 
net worth ve want to e11fP o ::1 ur C:!W.rt l. • 

Our major practical question i ' H do get assets and liabilities 
into the same terms so that we can subtract one frcm the other?" For 
instance, if ve are measuring the net worth of ala ch fs, we can count the 
number of s~ he makes in a given period of time a assets, and his 
materiel wastage and absente i m s l iabilities. But how can we subtract 
wastage and absente~ism f he numb of salads he made to get net worth? 
OUr problem is to find sue a me hod. For ex.ample, if a che'f is 'found to 
make 10 salads and 20 st a.k in an hour, how can we add 10 salads and 20 
steaks together to detennine the worth of his assets? 

At 'first glance the dollar criterion would be an appealing approach to 
these problems. All ve would need do is f ind the dollar values of assets 
and l i abilities and then make the appropriat e addi.ions 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 o the mil itary would be 

ower. In terms of manpower, what are a man ' s ass~~ , 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 liabilit es is the Manpower Unit, which ve will 
abbreviate as MPU. 

A. DEVEU>PMDT OF THE MPU 

In order to illustrate how an MPU is obtained, let us choose a hypo­
thetical job in which an individual bas two separate duties --he packs apples 
into crates and be nails tops on to the crates. By means of a performance 
test 1 we can count the number of apples he packs vi thin a given period of 
time, and ve can count the number of box tops he nails within a like time 
period. However 1 bet ore 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 ~~~&.ey11 tops nailed. In other words a unit of measure c0111110n to pack­
ing and nailing is needed. To do this, we JIIU.St have a reference point. 
You may recall bow the unit of length called the yard was established. 
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An ID&liah king cSecreed tbat the length of his U"m would be calltt~. a yard. 
The kiD&'• ana vas an arbi re.ry refere c , but the arbitrarineas of the 
reference doea not preclude it from be c r:.dard unit henceforth. 

With the MPU, our reference i the a. rage intelligence, tbat 
is, one MPU is e uivalent to •hat aaount of work done in one hour b the 
man of average intellipnce Chart 2 • Thus 1f 1 t were found throllsh 
perfo~ce testing that the man of aver~ge telligence packed ~ applea 
per hour, this would be equivalent to one J and if he nailed ten b~es 
per hour , .. his too would be .qui valent to one MPU. If' ve tested a we; •ker 
on the Job aDd found he pack d 250 ap les per hour and nailed 20 baxe". per 
hour, be would be given a score 0. 5 M?U f r packing bal1' aa ~~~aey apples aa 
standard and 2 MPU tor nailing twice as many axes as atandard. His acorea 
for the separate Job ele~~~ents of packing and nailing could be added to give 
hill a total score of 2.5 MPU for the jo • 

1. Su,wort of Production 

'l'be cSeri vat ion tor tbe MPU just presented would be sutticient ~ tor 
· Jobs tbat did not require support troa other Jobs. The realities are, · how­
ever 1 that aost jobs are supported by other jobs and would not be &Ole to 
function properly witbOUt this support. For example, ~ job on an ·assemb]¥ 
line is supported by h jobs ~ which the parts to be assembled are • i.e. 
The point to remember about support is t!lat the finiahed product should not 
be credited exclusively o the -.n who f!nishes it. The finished product 
should also be credited to the people 1n support jobs. In the case of our 
apple packer, let us say that be is supported by four apple sorters vho 
sort apples according to size prior to packing. Then if our apple packer 
packs 500 apples per hour, this muat be cred ted to all five men. Aasuaing 
that all five men are of average intelligence, we could then state that 500 
apples were yielcSed by five averaae man hours. One average -.n-llour ot work 
or one MPU would then be equivalent to 100 apples. In other word8, 500 
apples aust bave gone through our apple pack"'r 1 s bands for him to earn ODe 
MPU, but he is only credited vi"Ch his sbare of them, i.e., 100 apples. 
What difference doea all this -.ke'l Tbe amount ot support on a job muat be 
taken into account when we atteawt to usesa the productivity, eapec1ally 
of a member of a work teaa. 

Let us follow the cc:aputatioaal ex&~Ptple, appearing at the end ot this 
paper, which caapares a person •s MPU value when support 1a and is not con­
sicSered. Let us say tbat the apple packer ve are concei=Ded with packs 
only }00 apples per hour instead of the standard 500. It aupport were not 
considered, our -.n would be credited with 3/5 MPU, i.e., 300 applea divicSed by 
500 apples. ()1 the other baDd it we considered that our -.n ia aupported 
by four other •n, then we aust aay that 300 apples were yielcSed by tour 
MPU 1 s of support plus an Wllmown DUIIber of MPU' s expended by the man in 
question. In the exuple, this 1a equatiOD (1) which reads 300 applea • 
4 MPU (of support) + X I&'U (of apple packing) (1). What this •ana is that 
we are "Crying to cSetermi.De a -.n 1 a I&'U value to this agrep.te if he pack& 
only 300 ·apples per hour. Our firat atep is to convert the 300 apples to 
MPU' s. This 1a doDe by di vidiD& the 300 apples by the 11\Jd)er ot apple a 
equivalent to one MPU, i.e., 100 applea. 
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This yields equation (2) in the example which reads 3 MPU ■ k MPU 
(of support) + X MPU (of apple pecking). Solving equation (2) for X we 
find that our apple packer has a value of minuB one MPU. This says that 
when our apple packer packs 200 apples -.fcs,i than 3tandard and when at the 
same time he is supported by four ötandan.' workers, his value to this 
aggregate is negative. An additional interpr^tiatlon 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 kOO 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 extended time period,--perhaps 
a year or even longer. In this event we wouli 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. 

5. 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 ill. 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. 

k.    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 comptroller figures to 
be $2.6l per hour (Chart 5)« Thus an individual's MPU score may easily be 
converted to dollars. 

Moreover, there are many jobs 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 available as 
in the Army, MPU values for individual men san then be translated into their 
corresponding dollar terms. 

In other jobs where dollar criterion scores are obtainable, 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. 
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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 it possible to combine scores 
on different tasks in a Job. This unit of measure is the MPU. The 
reference for the MPU is the man of average intelligence. I have tried 
to shew that an MPU is equivalent to this average man's prorated share of 
tb'S things he produces in one hour with the aid of the men who support 
him on the Job, and the men who take care of him when he is off the Job. 

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 in symbolic notation is given below, following the 
apple packing example. 

500 apples = k MPU (support) + X MPU (apple packing) (l) 

3 MPU = U MPU (support) + X MPU (apple packing) (2) 

X MPU = 1 MPU (5) 

Development of Manpower Unit in Symbolic Form: 

U   = X   r S   + C (1+) av,m  av,m   av,m  av,m N ' 

where: 

U   = the observed number of units of production for any given 
'   task m of a Job produced by the average man in a year. 

X   = the number of average man hours apportioned to task m in 
'   a calender year for an average man; i.e., the number of 

hours In the yiar he Is "being paid for." 

S   = the number of average man hours in a calender year In 
'   support of the average men on task m. 

C   = off the Job costs, in average man hours, apportioned to 
'   task m for the year. 

In order to determine the value in production units of one average 
man hour (AMH) we divide equation (k) through by fa,  + S   + Co , «.) 
which process yields: '     '     ' 

1 ^ " ^m  (5) 
X  + s  + c 
av,m  av,m  av,m 

15 - 
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Thus, the number of production units equivalent to a manpower unit is the 
right side of equation (5)> which,  .e.'nafter, will be symbolized more 
simply as U   . To det^ermifie tb  "U contribution of any individual i 

mpu,m 
who produces more or fewer 'inlts of production than average, the units 
produced in a year by i are divided by the rurnber of units equivalent to 
an MPU, (llnpu). The resulting equation (6) is then solved for Xims 

Ulm 
Utnpa,ro 

where; 

c Xim + Sim + Clm (6) 

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 i in a year for task m. 

Sim ■ the number of METJ'e in support of i in a year for task m. 

Cim ■ the number of MPU's in off-the-Job cosr.s incurred by i, 
apportioned to taek n. 

ltaipu,ra = the nu^aber. of ur.it.s produced In one clock hour by an 
average mari for task m. 

Solving equation 6 for Xim we get 

Support can be logically separated into two types. First, the support 
a wor'APr receives whether or not he is present for duty is termed overhead 
support. In this category ar~ 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 direct 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: 

Sim = Som + ~- Sdm (8) 

- 16 - 



where: 

Sem => the number of MP'J's in support,  n   1 in a year for task 
m regardless of ihe preseuce or aoserica of i on the 
,50b (overhead aupport). 

Sdm = the numiber oi  MPU's in support of i in a year for task 
m only when 1 is present for duty (direct support;. 

Ti = hours actually wcr^ced in a year ty i 

Tav B hours actually worked in a year by the average man. 

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

7~ = Xi.m + So,m + ~- Sd,m + Cim ( 9 ) lÄ5)u,m *        Tav      ' x y ' 

Solving equation (5) for Xim gives: 

Xlm = —■—       /3o,m + —- Sd,m + CimJ (iO) Ua?)u,m *-    '        Tav      ' -J x    ' 

In order to obtain the total 'APU's attributable to thT efforts of i 
for k tasks in a Job, Xim must be summed over k tasks as tolio'-'s: 

Total MPU for Xi = Xim (ll) 

I 
m = 1 

17 



II. THE CONCEALED JOB SAMPLE 

Harry Bomsteln 

After outlining the need for obtaining a statexnent of a wox-iter's net 
worth, Dr. Goldberg presented several concepts which should be incorporated 
in such a statement. One of these was r,he manpower unit. I a- going to 
talk about the mechanics of obtaining some of the data which go into the 
determination of the manpower unit« More specifically, I am going to deal 
with the problems of how to measure the actual 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 believed that a trust-worthy index 
of rate of adequate work could be obtained only from measuring instruments 
which would substantially meet three major requirements: (l) unbiased 
samples of Job performance, (2) meaeurements from which ratio scores could 
be derived, and (3) comprehensive Job coverage. The measurement tool which 
seemed to offer the best poseibilities was the concealed Job sample. By 
concealed Job sample, I mean a standardized sample of work performance 
which is objectively scored but yet which has been obtained under conditions 
as similar as possible to those found on the Job. This paper describes the 
major •"haracteristics of the concealed Job Bamples used to measur- the rate 
of adequate worth on three Army Jobs: ttie field artillery cannoneer, the 
pole lineman, and the cooj£:s helper. 

The pole lineman and the cook's helper Jobs have very close parallels 
in the civilian economy. 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 SAMPI£S OF JOB PERFORMANCE 

The salient features of the measurement rational requirements will be 
found in Chart h.    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 notnlng unusual about the work setting or the tasks perfonaed 
or the manner in which examinee interacts with his co-workers and supervisors. 
At the same time, the rtandardized conditions required for a test had to be 
operative. As mentioned earlier, a coniealed 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 a requirement for a reasonable approxi- 
mation of the actual physical 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 a test is going on. 
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1. The Field Artillery Cannoneer 

The first Job studied was thz  field artillery cannoneer. The 
cannoneer carries out stereotyped tasks in a higrJLy ro itinized team 
activity. Basically, the team services a single large piece of equipment; 
the artillery piece. Instrr tiors are relayed to the team by telephone, 
and each member of the team is supposed bo respond to these instructions 
1:1 a rigidly prescribed manner. 

Concealment on this job was not too difficult to achieve. The fixed 
physical setting vas approxunased by having the firing officer locate the 
suitable equipment in the same relative position each time the artillery 
pieces vere fired. 

Control over the cannoneer's interactions with the other crew members 
was relatively simple. A smaller crew than was usual in garrison ser^'ced 
the weapon. This type of crew was then giver? some 'dry runs so it cou. A 
get used to the new crew operation. Aft^r that, the members of the crew 
performed substantially the same Jobs usually performed. Crew members 
then rotated assignments as they normally do in training thus permitting 
independent measures on the work performance In each crew position. 

Each cannoneer was scored by two people. Speed of work was scored 
by men sitting in a bogus fire-direction control center about fifty yards 
away from the artillery pieces—a usual training 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 
piece in support of a fire direction training problem. 

2. The Pole Lineman 

The concealed Job sample constructed for the pole lineman Job 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 team, 
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 major 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 physical setting in which the 
examinee usually worked. 
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Control of the wire team was a difficult matter. An entire crew had 
to be thoroughly trained for the test, performance. Each man was assigned 
a function which he carried out exactly each time the team performed. The 
entire operation of the team was designed to provide each man with a 
reasonable type and amount of work. Tve work pattern was arranged so that 
completion of the entire task was completely dependent upon the speed and 
skill of the examinee who, incidentallyj, was detailed to this crew on the 
testing day. 

The work of the pole lineman was scored by the Team Chief. In the 
ordinary work situation the Team Chief has a fair amount of record keeping 
to do. One type of record keeping requires labelling the cables being 
laid or picked up. In the job sample, r.ne scoring was done on a bogus tag 
card while the examinee worked. The entire crew was told that they' were 
supporting a tactical problem.. Of course this orientation was for the 
examinee's benefit rather than for t^he rest of the craw since they already 
knew that this was a test situation. 

3. The Cook's Helper 

Concealment on the cook's helper job was the easiest to work out. 
Tne cook;s helper performs primariiy as an individual worker in the midst 
of an aggregate of individ'ial workers. Moreover, he works in a fixed, 
compact work area. Incidentally, our experience seems to indicate that 
concealed job samples might be relatively simple to construct for most jobs 
that are primarily individual in character. 

On the cook's job the existing physical setting could be used. It 
was only necessary to insure tnat all of the kitchens used for testing 
were of the same general type. 

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 
to all of the workers in the kitchen. 

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 examinee 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 breast pocket. Recording was done out of 
eight 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. 
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In any work setting, there appear to be three alternate possible 
methods of obtaining a ratio siale  of job performance. These are: 

1. Set a fixed length of time and allow äinount of work to varyj 

2. Set a fixed amount cl work eind ai-cw the length of time required 
to accomplish this work to varyj 

5. Apply statistical corrections to varying amounts of work and/or 
varying lengths of time required to accompliöh the given amount of work. 

The first approach could not be .xsed 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 took to do—was used on two of the jobs. There- 
fore, each cannoneer was required to unload the same amount of ammunition, 
fuze a standard number of rounds, and load and fire the same number of 
rounds. On the lineman job; work situations were set up requiring the 
lineman to climb a predetermined number of tej.ephone poles, make a 
specified number of ties, dig a standard number of ditches, and pound Just 
the same number of stakes. Two measurements were made of each of these 
activities: First, a judgment of whether the task was adequately or 
inadequately completed, and seco.'idy the time required to complete the task. 

The third method, that of statistically correcting for varying lengths 
of time to complete a varying amount of work, was applied in the cook's 
helper work situation. This method was necessary In this situation because 
men were tested in existing kitchens, each of which fed varying numbers of 
men. This meant that different cook's helpers prepared different amounts 
of food. If concealment were to be maintained, cook's helpers could not 
be given a standard amount of 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 to prepare the^ same quantity ofjCoodgtuffs. 

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. 

1. Section of Job Elements or Tasks 

The measurement rationale suggests two major criteria 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, therefore, in selecting tasks or elements for 
inclusion in the Job sample, vas the obtaining of estimates of time spent 
on an element from 100 or more supervisors. Such estirwites were obtained 
for each job element. However, support estimates could only be obtained 
for the Job as a whole. 

2. Picking the Job Sample 

As in all perfomanee testing, considerations of time, equipment and 
money entered heavily in the choice of Job elements which were measured. 
Job elements were Included in the Job sample in what we believed was the 
optimum combination of feasibility and importance. The result was 
expensive and time-consuming. The cook's helper 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 
which made up 51^ of the cannoneer's work week, 53^ of the pole lineman's 
work week, and kyfi of the cook's helper's work week. 

3. Measurement of Excluded Job Elements 

However much was included in the Job samplej, all the Job elements 
could not be measured. And that is the major limitation of the concealed 
Job sample technique. If some of the more intangible products of Job 
performance could be scaled in terms comparable to those already presented, 
the technique might give a still more ccarplete description of Job 
performance. 
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III. THE COMMUNICATION OF JOB-SAMPLE PERFORMANCE TEST 
PROCEDURES TO OTÜER PERSONS WHO WILL UTILIZE THEM 

John E. Rdbiasorij, Jr.* 

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

First, what were some of the specific corammunication problems 
caused by the nature of the tests? 

Second, what methods were employed in attempting to solve 
these problems? 

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 
complexity of the tests and from the fact that the standard testing 
situation had to be the normal duty situation. These specific problems 
are listed below: 

1. Measurable 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. 

5. 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. 

k.    The overall evaluative scheme had to be described. All persons 
having a 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 meaning to each observing task. 

*Now with Applied Psychology Corporation, Arlington, Va. 
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5. The probable variations in work ptrforuance (on measurable tasks) 
had to be anticipated and described. The observers had to know in advance 
what liberties might be taken with the SO.?, ar/i how these deviations were 
to be scored. 

6. Beyond these "expect.ad" deviations, Job information had to be 
presented in depth so that observers could handla unforeeen variations in 
a manner consistent with ttte productivity evaluation desired. The infor- 
mation desired here was general, functional, or background type information 
about the job being measured. 

B.  DEALING WITH THE PROBLEMS 

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

1. A conventional test administrator's üianaal was prepared, aimed 
at the professional test research person or personnel nesting supervisor. 
Specific sections described In careful detail tae procedures and material 
necessary to operate the test. 

2. A printed supplement to the manual was used. This supplement was 
slanted toward the observers or scorers who would serve on the testing 
team. It paralleled the basic manual in organization^ but stressed the 
scoring procedures to be used for all expected varieties of performance. 

5. A photographic supplement was prepared for each test. This 
supplement 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 team members who were already familiar with the 
duties being measured. It was also expected that this publication would 
provide a good introduction to the Job duties for those persons who might 
not be familiar with them. 

k,    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 roans 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. 

0.  COST OF METHODS 

The cost of these communication 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 personnel 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 cases where Signal Corps 
help was unavailable, good still photographs were obtained with a 55-nm 
camera in the hands of an amateur of average skill. The most important 
consideration in this matter is to plan carefully the scenes and behaviors 
that are to be photographed. Wasted footage axid exposures are a powerful 
cost-increasing factor in this type of test communication. 

D.  TRYOUT 

We have reason to believe that these eomaunication methods work very 
well. The Cannoneer test was scheduled for administration at Fort Banning, 
Georgia and Fort Carson, Colorado, in ths early summer of 1956. Two 
psychologists of the Personnel Research Branch 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 
previous contact with the test. Ar experienced person accompanied them 
to correct exrors and answer questions; but these two men successfully 
trained the necessary teams, of observer-scorers, and tested approximately 
250 men. Any points of uncertainty were carefully noted, and the appro- 
priate corrections were made in the communication materials. It is our 
belief that these materials are suitable for the caramv-nieation of these 
tests to new users, and that the expense 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 WORKERS NET WORTH 

Howard ,.'.,. Roy 

In the discussion so far, you hav^, heard tne outline of a system for 
assessing the net worth of a worker. You have also heard a description of 
concealed job sample tests which wer«3 developed to measure productivity in 
three Array Jobs. In the next fä - minutes, I would like to survey the situa- 
tion with regard to worker evaluation, then to summarize the system out- 
lined and indicate how it can mest Boom  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 by means of some form of merit rating. A vast variety 
of forms are administered with varying degrees of "are by all sorts of people. 
They all depend on someone's judgneit of how vaj. the worker is doing his Job. 
In a fev isolated instances, production records provide a more objective 
basis for worker evaluation. Still Is-.ss  frequently# one finds performance 
tests being used as measures of job proficiency. All of these methods have 
one thing in common. They all result in a rarji ordering of personnel. That 
is, each man is given a relative standing in relation to the members of a 
particular group. Such measures provice useful information but for many 
employers not enough information. In addition to knowing whether one man 
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 needed is a measure that will express a 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 conceivable that two workers, whose measured gross output is equal, 
are 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. 

31 - 



2. Comnon Metric 

A second requirement is that the criterion, tieasures have a common 
metric. Most Jobs contain m^/ elements. Zr\  order to obtain the complete 
measure of a worker's production it is necessary to combine the separate 
measures of output on earV. of these elements. For example, a worker's 
job may include such diverse elements as driving a truck, painting, 
repairing door locks, and storing supplies. To make an accurate appraisal 
of his worth to the organization there must be a measure of the worker's 
output on each of the Job elements and It must be possible to sum these 
measures for statement in a single etpre^sion. 

J. Zero Point and Equal Intervals of Ir.crement 

It is necessary, not only to rank order men but to indicate how far 
each worker is above another. And there must be a point on the scale which 
represents no production or no contribution to the effort of the organiza- 
tion. 

h.    Measure of Individual Output 

The system must be capable of providing a measure of the individual's 
output when he is performing as part of a group. In very few cases does a 
mfln produce anything independently. Nevertheless, the system which will 
yield a measure of net worth must assess what is attributable to Individual 
Y.j  when Individual X and four or five others produce something jointly. 

5. Reflect Prevailing Conditions 

The criterion measures tbemselvss, should not be allowed to affect 
performance. Ideally the measure should reflect what a man produces under 
the prevailing conditions of the job--not what he could produce 'ander 
spacial motivation such as a test might provide. 

6. Feasibility 

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

B.  MEETING THE REQUIREMENTS 

In the system which has been outlined here, we endeavored to meet 
these requirements. Objectively scored performance tests provided measures 
of productivity. The observer-scorers recorded time and quantity of pro- 
duction. Since quality 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 a 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 a unit of work completed. 
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In the expression, "Net Worth = Production ^inus Costs," the term 
costs includes both on-the-Joo and off-the-Job costs. By on-the-Job costs 
we mean such items as wages, training, supervision, wastage. By off-the- 
Job costs are meant such things as disctpiinary infractions, care of 
dependents, health services. The military is very much concerned with 
off-the-Job costs since it ie responsible for its workers 2k hours a day. 
The same is true in many civilian jobs. Management Is  concerned with 
costs incurred off-the-Job by taany hotel and hospital workers and in 
nearly all cases of overseas Jobs responsibility for the worker extends 
beyond his working hours. Most of the costs of production were available 
from existing bookkeeping systems. To compute them was simply a matter 
of extracting from these records sucn information as number of days worked, 
sick time and costs of medical care, chargeabls 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 
would probably be true for some industries. 

The common metric requirement was met, by the man-power-unit. Remember 
that a man-power-unit was defined as the amount of production on a given 
1ob, in one hour's time by an average man. In this case the measure of 
averageness was mental ability; ^ne average man was the man with a mean 
general intelligence test score. The average man:s production is the 
standard against which other men's production car. be compared by simply 
determining the ratio between th^m. And, since this ratio is a pure 
number, it can be used to compare productivity in different elements of 
the Job or even in different Jobs. If 20 beds made per hour is the average 
man's production as a hospital orderly and ^0 hams boned per hour is an 
average man's production in the packing plan-, then, in terms of work out- 
put, these two amounts are equal. And a man who produce? 10 beds per hour 
or 20 hams per hour has a rate of l/2 MPU. 

The man-power-unit also meets the problem of zero point and equal 
intervals of increment. If the measurs of a man's production divided by 
the measure of an average man's production ~ 0 it is clear that he has 
produced nothing. And, when his costs of production are high, it is 
possible for this ratio to be a negative number and thus indicate how much 
of a 1. oss this 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 MARGINAL 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 a worker who pro- 
duced some positive amount would yield a positive gain to his organization. 
However, to the extent that his performance 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 bliisalf than he could If he 
had a poor worker helping him. Although it is not always apparent, the 
same is true of groups of workers. Ths poor producer is quickly recognized 
as a r-egative contributor when his measure of output is weighted by the 
number of people whose work is retarded by hia. Incidentally, this makes 
it possible to evaluate .jobs as well as men. On some jobs, a mediocre 
performer will not slow the group appreciably^ on others the work of the 
entire 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 reassigning from within the organiza- 
tion. A system of this kind can demonstrate clearly that adding marginal 
workers to some Jobs can actually result in lower output rate than would 
have resulted if they had not been hired. On ths other hand, reassign- 
ment of average men from within the organization are not likely to reduce 
output further, and have several potential advantages that normally derive 
from promoting within the organization. 

D. CONCEALED JOB SAMPLES 

The concealed Job-samplPs described by Dr. Bomstain seem to us the 
best way to assess typical Job performance. If testing is carried out on 
the Job under the same kind of conditions which normally prevail, and if 
the worker can be kept from knowing that he is being observed, then there 
is no reason to believe that the process of evaluation has affected his 
performance either favorably or unfavorably. Of course, adequate con- 
cealment is not always easy^, and it is sometimes expensive, but if wp are 
agreed that performance under typical conditions is what we want to measure 
tten I think we must also agre«^ that the expense and the efforts expended 
are justified. 

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 to the standards 
I described for you? Jobs will differ widely in this respect, of course, 
but in nearly all Jobs there will be elements which do not lend themselves 
to measurement by objective 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 yty 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 Job? In our work we did Just that. We made the 
Judgment that performance in the measurable portions of the Job 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 measurable and unmeasurable and we 
obtained expert opinion as to the representativeness of the measurable 
Job elements. 
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E. FEASIBILITY AND ACCEPTABILITY 

I mentioned that a non-psycrometrl-: requireaent of a system of Job 
evaluation is its feasibility i'cr operation ana its acceptability by 
managemer.n. On the basis of Izs  face validity^ the type of system we 
have described is acceptable- tu management. We asked the opinions of a 
large number of management people sind 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. They yield 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 criteria. Such measures can be 
tied back through correlation with predictor? which are economical and 
feasible to administer. By this means tne psychological traits and back- 
ground patterns of individuals who make positive contributions can be 
determined and such individuals selected at the hiring line. 

F. SUMMARY 

In summary then, we have outlined an evaluation system designed to 
measure the net worth of a worker to his organization. We have intro- 
duced a unit of work measurement, the MPU, which makes it possible to 
compare production on different parts of jobs and across jobs. We have 
described job samples capable of measuring work output under typical 
working conditions. We believe that application of this kind of system 
will result in tne most efficient utilization of available personnel. 
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