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Merit Pay—Equitable Selection of Recipients

Ww. F. Koehler, Dean and
Distinguished Professor Emeritus,
Naval Postgraduate School

cans, department hecads and

faculty group leaders typi-

cally strive to distribute
merit-pay increments cquitably, Pro-
fessional organizations attempl o
aid this endeavor by collecting data
and publishing past-ycar salary dis-
iributions by academic rank. During
my 15 years of associated experi-
cn'cc, I learned that such published
distributions were of little current-
year use when selecting merit-pay re-
'c%picnts and the magnitude of their
merements. Discovering a way 1o
chiminate or reduce some of the ineg-
uitiecs would be significantly more
useful.

To discover what would be more
useful, consider the three distinct,
consccutive steps of any merit-pay
plan. Step one includes the collection
of data for performance evaluation.
Step two is the evaluation of the per-
formance data. Step three is the con-
version of the evaluations into merit-
pay increments. Associated with
cach step are distinet fears of ineg-
uity in those being evaluated and in
those performing the evaluations and
conversions. The identification and
climination of the inequities associ-
ated with any of the three steps
would provide for a more cquitable
merit-pay plan.

Step-three inequities are the casi-

and Incremeny

est o identify and eliminate. The
conversion fears of those being cval-
uated may be inferred from some of
their common questions: How are
the recipicnts of merit-pay incre-
ments determined? Docs the squeaky
wheel gel the grease? Irrespective of
the superficiality, subjectivity or ob-
jectivity of the evaluations, the Fears
of the individual converting the eval-
uations to merit-pay increments may
be inferred from the following ques-
tion: How can I avoid adding 10 un-
identified inequitics in the cvalua-

tions when \LILCUHQ recipicnt® for
merit-pay mu:,mum and the MAgn;.
tude of their incremgy o gy ch Cars
and inequities can by eliminated by
an objective CoNVergion prowdum
which in turn Provides for a Maore
equitable merit-pay ppy

The scope of this ypicle is Cop-
lincd to the developmen of 4 math.
ematical salary-growth model 25 the
basis of an objective conversion Pro-
cedure, a demonstration of (his pro-
cedure as used in an yeual schogl
(*School Z™) and a summary ol ad-
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Figure 1. The initial distribution from which progress toward more equitable
selection of recipients and increments is demonstrated.
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Ww. F. Koehler, Dean and
Distinguished Professor Emeritus,
Naval Postgraduate School

cans, department heads and
faculty group lcaders typi-
cally strive to distribute
merit-pay increments equitably. Pro-
fessional organizations attempt 10
aid this endeavor by collecting data
and publishing past-ycar salary dis-
tributions by academic rank. During
my 15 years of associated cxperi-
cn’cc, I learned that such published
distributions were of litide current-
vear use when selecting merit-pay re-
'cipicms and the magnitude of their
increments. Discovering a way to
eliminate or reduce some of the ineg-
uities would be significantly more
uscful.

To discover what would be morc
useful, consider the three distinct,
consccutive steps of any merit-pay
plan. Step one includes the collection
of data for performance cvaluation.
Step two is the evaluation of the per-
formance data. Step three is the con-
version of the evaluations into merit-
pay increments. Associated with
each step are distinct fears of incg-
uity in those being evaluated and in
those performing the evaluations and
conversions. The identification and
chimination of the inequities associ-
aied with any of the threc steps
would provide for a more cquitable
merit-pay plan.

Step-three inequities are the ecasi-

cst to identify and climinate. The
conversion fears of those being eval-
uated may be inferred from some of
their common questions: How are
the recipients of merit-pay  incre-
ments determined? Does the squeaky
wheel get the grease? Irrespective of
the superficiality, subjectivity or ob-
jectivity of the evaluations, the fears
of the individual converting the eval-
ualions to merit-pay increments may
be inferred from the following ques-
tion: How can [ avoid adding to un-
identified incquities in the evalua-

and Incyements

tions When gelecting recipients for
meri=pay increments and the magni-
tude oF their increments? Such fears
and ineQuities can be eliminated by
an objective conversion procedure
which 10 turn provides for a more
equitable merit-pay plan,

The scope of this article is con-
fined to the development of & math-
ematical salary-growth model as the
basis O an gbjective conversion pro-
cedure, a demonstration of this pro-
cedure as used in an actual school
(“*School Z™) and a summary of ad-
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ditional bepefits. The benefits are
particularly pertinent to those insti-
tutions that yse arbitrary criteria to
determine pay increments and have
lock-step galary-growth patterns.

Development of the Salary-
Growth Model

It seems reasonable to assume that
faculty saylaries depend in general on
four major parameters:

1) Level of education and train-

ing;

) Years of pertinent experience;
) Level of performance and po-
tential; and.

4) Marketability of discipline and

specialty.
It is tempting 10 observe a plot such
as figure | and conclude that salary
is a lincar function of experience. If
this is true then the influcnces of
level of education, level of perfor-
mance and marketability of disci-
plinc arc either nil or vary linearly
with experience. This contradiction
demonstrztes the need to determine
the salary dependencies on the four
major parameters as a prerequisite
1o the design of an objective proce-
durc for converting performance
cvaluations to merit-pay increments.

A reasonable strategy would hold
paramcters (1) and (4) constant and
would search for the salary depen-
dencies on parameters (2) and (3).
According ly, consider the two theo-
retical extremes in engineering
schools that have facully members
with the same level of education and
marketability of their disciplines
(hgure 2).

One extreme would occur in
School Y, which has the maximum
recruiting  potential, including maxi-
Mmum resources, rigorous screening
of candidz tes, maximum starting sal-
arics, commprchensive performance
cvaluations and large merit-pay in-
crements for the top performers re-
tained beyond the probationary pe-
riod. These top performers would
move rapidly toward the lop of the
local pay scale as sketched in figure
2 and wou ld probably be some of the
most effective faculty members in
our engineering community. The
plotied salary-experience points for

226 | ENGINEERING EDUCATION: January 1985
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Figure 2. The nwo theoretically extreme distributions and the national percentile
norms published by the Engineers Joint Council in their final report of the 1936-68
serfes on “Salaries and Income of Engineering Teachers.”" No comparable reporis

have since been published by EJC/AAES.

School Y represent a snapshot pic-
ture of the salary-experience distri-
bution of its most effective Taculty
members. The continuous line drawn
through these points may be consid-
ered the expected salary growth of a
steady, most ¢ffective performer in
uninflated dollars in the school of
maximum recruiting potential,

The other extreme would occur in
School X, which has the minimum
recruiting potential, including mini-
mum resources, superficial screening
ol candidates, minimum starting sal-
aries, superficial performance eval-
uations and rare merit-pay incre-
ments for the least effective laculty
members retained beyond the proba-
tionary period. These least effective
faculty members would move slowly
up the local pay scale as sketched in
figure 2 and would probably be some
of the least effective faculty mem-
bers in our engineering community.
The plotted salary-experience points
for S¢hool X represent a snapshot
picture of the salary-experience dis-
tribution of its least effective faculty

members. The continuous tine drawn
through these points may be consid-
ered the expected salary growthof a
steady, least cffective performer in
uninflated dollars in the school of
minimum recruiting potential.
Administrative experience reveals
that the more effective faculty mem
bers tend to migrate to schools of
greater recruiting potential. The less
effective faculty members who are
released during or at the end of their
probationary periods tend to migrate
in the opposite sense. These migr-
tions are motivated by the individual
faculty member’s search for the
unique conditions conducive o seli-
fullillment, and the individual
school’s search for the unigue talent
to excel in its mission. Partial match-
ing of individual necds and instite-
tional needs is the most frequent out:
come of these searches and usually s
mutually acceptable because of the
inadequate supply of required talent,
inadequate recruiting potential or 2
combination thereol. Consequently,
the individual school accumulates
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Figure 3. A composite of the plotied points in figure | and the national percentile
normis of figure 2 transformed 10 the coordinates of steps in the local pay schedule
and years of experience 1o avoid inflation adjustments. The vertical components of
the arrows represent examples of objective determinations of equitable merit-pay
increments corresponding to local performance evaluations E. O. P S and M,

irrespective of their subjectivity.

fess than its ideal distribution of tal-
ent with a diversity of proficiency for
the required tasks.

A good example of salaries Lo rep-
resent this national diversity of pro-
ficiencies in fgure 2 is the set of
percentiles reported' by the Engi-
neering Manpower Commission
{EMCQC) of the Engineers Joint Coun-
cil* (EJC) for the academic yecar
1968-69.%* As in the cases of the two
theoretical extremes, the plotied

points for the various percentiles
may be considered a snapshot pic-
ture of the salary-experience distri-
bution of doctorate engincering fac-
ulty members in U.S. schools with
recruiting potentals ranging from
minimum to maximum; whereas the
S-shaped curve drawn through the
points for the nth percentile may be
considered as the expected salary
growth in 1968-69 dollars of a
steady, nth-percentile performer in a

*Changed in 1980 10 the American
Association of Engineering Societies

**The EMC stated in its 1970 report,
“This report should not be confused
with the series of Salaries and Income
of Engineering Teachers reports pub-
lished by the EJC from 1956 1o 1968
under a grant from the National Sci-
ence Foundation. These reports were
based on postcard returns from individ-
ual faculty members and went into con-
siderable detail. NSF has suspended its

support of these surveys, so there will be
no comparable report for 1970, Begin-
ning with its 1970 survey, the EMC
changed the method of collecting data
and introduced a smoothing procedure
in the calculation of the percentiles that
obscures significant aspects. As of the
date of this publication, EMC’s 1968-69
results arc considered most represen-
tative of the true shape of the percen-
tiles.

school of average recruiting poten-
tial. Accordingly, these S-shaped
percentiles may be considered as a
set of national norms for the salary
dependence on experience for vari-
ous levels of performance of doctor-

ate faculty members in an cngineer-
ing school with average recruiting

potential. As described in the box,
this set of norms is adequately repre-
sented by equation (1).

. L"
Ky + FEEETET Eq. (1)
S, represents the nth pereentile sala-
ries as a function of 7 ycars of experi-
ence since the bacealaurcate degree.
K, L, m and r, arc cmpirical
constants. This sct of norms and its
mathematical representation com-
plete the scarch for the salary depen-
dence on parameters (2) and (3), ex-
perience and level of performance,
respectively, when parameters (1)
and {(4) arc constant.

Additionally, equation (1) may be
used in the casc of a sct of engineer-
ing faculty members with a different
tevel of education: that is, in the case
of a variation of parameter (1). For
example, the corresponding 1968-69
data reported by the EMC for mas-
ter's-degree engincering faculty
members may be represented by
equation {1) but with less precision
because ol the paucity of data. The
corresponding constants K, and L,
are smaller than those for doctorate
engincering faculty members. Fur-
thermore, onc would that
equation (1) could be used in the
case of a dilferent marketability of
specialty or discipline: that is, in the
case of a variation of parameter (4).
Of course, it would be necessary (o
determine appropriately the con-
stants K,. L, ntand 1, for this casc.
Accordingly, the salary dependen-
cies on the four major parameters
have been determined and the set of
norms represented by equation (1) 18
the basis of an objective procedure
for the conversion of performance
cvaluations to meril-pay increments.

expect

Demonstration of the Objective
Conversion Procedure

A comparison of the lincar median
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percentile norm represented by
equation (1) reveals the faulty na-
turc of the local distribution of fig-
ure 1. The transfer of the percentile
norms for various levels of perfor-
mance from figure 2 to a local plot
provides for the rectification of the
local distribution by objectively re-
vealing the recipients and magnitude
of merit-pay increments. The me-
chanics of transferring the national
norms of figure 2 to figure 3 (pages
226 and 227) to provide local norms
arc described on page 229. Transfer
1o figure 3 instead of figure | was
chosen because the ordinates of fig-
ure 3 are steps in the local pay
schedule instead of dollars, which
separates merit-pay increments from
cost-of-living increases and precludes
year-by-year inflation adjustments.
The set of four discrete percentile
norms in figure 3 was chosen o pro-
vide five broad-band levels of perfor-
mance as local norms: Exceptional

228 | ENGINEERING EDUCATION: January 1885

ginal (M*). A norm for unsatisfac-
tory performers is not required
because such performers are termi-
nated during or at the end of their
probationary periods. The actual
percentage population in the five lev-
els of performance deviated signifi-
cantly from the expected 10, 20, 40,
20, 10 percent population per perfor-
mance level defined by the 90th,
70th, 30th, and 10th percentile
norms. These deviations implied the
need for more comprehensive perfor-
mance evaluations to identify the'E’s
and the O’s early in their careersand
reward them with merit-pay raises,
A few results of the initial, more
comprehensive evaluations of the
preceding four quarters of perfor-

‘mance are inserted in figure 3 near

plotted points to demonstrate the ob-
jective revelation of a few recipients
of merit-pay increments and the

magnitudes thereof. For example,

Ty
! : : .
L ] the salary-experience point of the i
| 5 — T - == T sow beled E performer with 17 yeass ¢
O ( Femg T~ — - T -~ ©60 expericnce in figure 3 would mo I_
‘ } : one year to the right along the e (
o B s of oty o o © perience scale in the following years
L so [0 Degress o %o © ~ plot. The vertical component of t ]
- . vector attached to that E perforp i
i H QO 70m 5 . . . . I
2 er’'s point indicates his moveme .
g © along the pay-step scale correspos il
2 ing to an equitable merit-pay incre p
. E Lo _ o " | ment of five steps. Without the ges fr
s Certng o 0 eration of the percentile norms & Y
: figure 3, this particular E performe § %
{ g sont would probably have reccived a zers pl
: = increment because of his enviable ot
g cation in the salary-experience pls b
820 5 n of figure 1, and others with lovz pe
B oo performance evaluations would has N
: on received non-zero increments. Tk ;
) 3 vectors attached to the salary-expesn i
ence points of the other labeled p
' 20 - " ~ formers demonstrate the objectiv by
f selection of the recipients for mert ot
‘ ‘ pay increments from zero (o [t i
foye " Local Percentite Norms steps. In this sense, the use of t
local percentile norms in figure 3 fiy
o | ! | | provides, in an objective manner, fw pi
oo 20 0 N the equitable selection of ‘recipiens P
PERTINENT [ XPELRIENCE SINCE BACCALAURE ATE DEGREE , 1 {yeors) . , . e
and increments of merit pay. o
; ' Figure 4. The increased spread of the salary-experience points relative to figure 3 e
: i implies 13 years of progress toward more equitable selection of recipients and Further Benefits of the
! j irmerements of merit pay, irrespective of inflation. Objective Conversion fo
, X
( of figurc | with the S=shaped, 50th- (E*), Outstanding (O%*), Proficient Procedure B
(P*), Satisfactory (S*), and Mar-

The conversion procedure was
tually implemented in Schoal Z
distributing figure 3 at the beginnis
of an annual performance-cvaluati
period. A few ficticious salaryet
perience points with attached vect
were inserted to demonstrate the
jective conversion procedure. Th
to be evaluated appreciated knowi
their location in the salary-expes
ence plot without sacrificing salay
confidentiality. They considered ¢
diagram evidence of some object
ity in the merit-pay procedures and
enhanced their respect for the enit
merit-pay plan. Those making
evaluations ‘and conversions fousd
the diagram a.useful guide.

The initial- distribution of figere]
provided the most compeliing e
dence’of the need to implement mor
comprehensive performance cval
tion, which~was scon mutually
ceptable, (The description of thi
comprehensive evaluation is beyost
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How to Transfer National Salary Norms
(Figure 2) to Local Norms (Figure 3)

Fitting equation (1) to the EMC percentile data of figure 2
required the determination of the four constants K, L, m and
t, for cach of the five reported percentiles. This was accom-
plished by the use of an unconstrained minimization algo-
rithm.? The input data included the coordinates of all the
plotted points in figure 2 along with weighting factors ranging
from 0 to 1. Each weighting factor was proportional to the
number of salaries used by EMC to determine the percentile
values for cach year-group. Preliminary computer runs im-
phied the same value of nr and 1, for all five percentiles. The
output of the final computer run, which required m and 1, to
be the same for all five pereentiles, is recorded in the upper
portion of table 1. To estimate the validity of the fit, the
weighted diffierence (A) between the 70 input and calculated
salaries was substituted in (2A2/70)" which yielded 166.
Since 166 is but | percent of the 30th-percentile salary at the
flex point, the fit is considered excellent,

One would expeet that one assumption or criterion would
be required 1o produce a normalizing factor F for the transfer
of cach national percentile norm 10 a local plot. However, in
the case of transferring the calculated or smoothed values of
the 90th, 50th and 10th pereentile norms from figure 2 to
figure 1, only two assumptions were required. The third was
preciuded by the discovery of the inherent relation among the
percentife norms. That is, the principle of the geometric mean
relates, within 0.7 pereent, the 75th, 50th and 25th percentile
norms for 1 = 4 years: and, the 90th, 50th and 10th percentile
norms for 1 = 22 years,

The smoothed 90th-percentile norm of figure 2 was trans-
ferred 10 the local plot of figure 1 by assuming that the
steady. 90th-percentile performier would be accelerated to the
top of the local pay scale about 15 years before the 65-year
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Figure 5. From these graphs of the constanis of equa-
tion (1] for the reported percentile norms, one may esi-
mate the corresponding consiams of the unreported 30th
and 70th percentile norms 10 provide for their plots in
Sfigures 3 and 4.

Table 1. Constants of Equation (1} and Normalizing
Factors.
Percentile K L m t F
($) (S) (1/yn) (y)
90th 12630 13,050 0.23565 15311 1 0603
75th 11445 10,600 0.23565 15.311
50th 10.615 7,861  0.23565 15311 1.1227
25th 8,972 5643 023565 15311
10th 9.527 3,828  0.23565 15311  1.1800
70th 11,250 9,820 023565 15.311  1.0930
30th 10,050 8,050 0.23565 15.311 1.1520

Note: K. L. M und 1, are empirical constants. 7 is the
normalizing factor.

retirement age. This would correspond 1o 7 = 28 years in
figure I. Accordingly, the top of the local pay scale divided
by the salary caleulated by equation (1) for the steady, 901h-
pereentile performer with 28 years of experience produced
the normalizing factor of 1.0603. Subsequent multiplication
of the other calculated values of the 90th-percentile norm in
figure 2 by 1.0603 produced the 90th-percentile norm for
figure 1, which, in wrn, was transformed to the 90th-percen-
tile norm on the local pay-step scale and plotied in figure 3.

The smoothed S0th-pereentile norms of figure 2 was trans-
ferred 1o the local plot of salary-experience points of figure 1
by assuming the local institution had an average recruiting
potential. Since the least squares solution for a straight line 1o
represent the plotted points in figure 1 is a good approxima-
tion for the median, and since the SO0th-pereentile norm is
nearly lincar for 10 << 1 < 20, normalization at the flex point
was chosen. That is, at 1= 15311 the valuc of $ from the
cquation in figure 1, divided by the valuc of S from cquation
(1) for the 50th-percentile norm in figure 2, produced the
normalization factor of 1.1227. Subsequent multiplication of
the other calculated values of the SO0th-percentile norm in
figure 2 produced the 50th-percentile norm for figure 1,
which in turn was transformed to the SOth-pereentile norm on
the loeal pay-step scale and plotted in figure 3.

Having caleulated the value of S for the 90th and 50th-
pereentile norms in figure 1, onc can calculate the value of
the 10th-percentile norm at 1 = 28 years by using the princi-
ple ol the geometric mean. Dividing this value by the calcu-
lated value of the 10th-percentile norm at ¢ = 28 years in
figure 2 produced the normualizing factor of 1.1800. Subse-
quent multiplication of the other caleulated values of the
10th-pereentile norm in figure 2 by 1.1800 produced the 10th-
percentile norm for figure 1, which in turn was transformed to
the local pay-step scale and plotted in figure 3.

The set of national norms composed of the 90th, 70th, 30th
and 10th percentiles is more realistic for use at the local level,
The constants associated with the reported percentiles, which
are recorded in the upper portion of table 1. are graphed in
figure 5. From these graphs one may estimate the constants
and normalizing factors for the unreported 70th and 30th
pereentiles. These estimates are recorded in the lower portion
of table | and they provide for the plotting of the 70th and
30th percentiles in figures 3 and 4.
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the scope of this article.)

The increased spread ol the sal-
ary-cxperience points in figure 4
{page 228) compared with figure 3
demonstrates the effectiveness of the
objective conversion procedure as an
administrative ool for rectifying a
lock-step salary-growth patiern.

The pereentage population per
performance level in ligure 4 s
skewed upward relative 1o the 10,
20, 40, 20 and 10 percent distribu-
tion associated with the 90th, 70th,
30th, and 10th percentile norms for
an institution with average recruiting
potential. This may be interpreted
as: 1) lenient performance evalua-
tions and dubious conversions 1o
meril-pay increments in an institu-
tion of average or below average
recruiling potentialy or 2) compre-
hensive performance evaluations fol-
lowed by cquitable conversions to
meril-pay increments inoan institu-
tion of better-than-average recruit-
ing potential. The record of the inst-
tutions from which School Z
recruited new faculty and the record
of the institutions to which the non-
retained probationers migrated sup-
port the sccond interpretation. Ac-
cordingly, such comparisons provide
an estimate of unrcasonableness in
the performance evaluations,

Some local management flexibil-
ity is associated with the arbitrary
choices of criteria for deriving local
norms from the national percentile
norms. These choices determine the
spread between the 90th and [0th
percentile norms on the local plol.
Additional flexibility is associated
with the choice of how rapidly the
local institution can afford to rectifly
its safary-cxperience  distribution.
When funds available for merit pay
would support only a [raction, f, of
the increments determined by the
objective conversion procedure, the
individual increments would be re-
duced cquitably by multiplying by f
and rounding ofl' to the nearest step
in the local pay schedule.

Conclusions

The national salary-experience
norms for the various levels of per-
formance in figure 2, when trans-
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ferred to a local plot such as figure
4, continuc to provide School Z with
a viable and objective procedure for
converting performance evaluations
into cquitable merit-pay increments
without adding to the unidentified
inequitics in the performance evalua-
tions. In this sense, the type of data
provided by EMC for the 1968-69
academic year and plotted in figure
2 is significantly more helpful than
the past-year salary distributions by
academic rank which are published
by wvarious professional organiza-
tions. 1t would be of significant value
to repeat the 1968 national survey
periodically to make the results more
representative of the engincering
community, and to provide the in-
formation for detecting significant
changes in the shape of the derived
local norms.

The objective conversion proce-
dure has provided not only cquitable
sclections of recipients and incre-
ments of merit pay, which in turn
contributed to the rectification of
the local lock-step salary-growth pat-
tlern, but also has been a key influ-
ence in the mutual acceptance of
more comprehensive performance
evaluations. The objective conver-
sion procedure may be considered an
effective first step toward more com-
prehensive performance evaluation.

Equation (1), representing the sal-
ary dependencies on the major pa-
rameters in the general case, has the
potential to provide interdisciplinary
as ‘well as intradisciplinary equity.
To exploit this potential, survey data
similar to that plotted in figure 2 arc
needed for other disciplines and spe-
cialties.

The first derivative of equation (1)
for.the nth-percentile performer may
be-written in the form of equation
(2): where K + L.and K are the up-
perand:-lower-asymptotes respec-
tively.

G M(s KK + L) =S/ Eq.(2)
This equation predicts that early in
the nth-percentile performer’s career
his.merit-pay increments should be
proportional to (S —K), should in-
creaseto-a maximum of mL/4 at the
flex point (¢, = 15 yrs) and should

thercafier decrease 10 zero as § ap
proaches the upper asymptote. The
compatibility of this prediction with
the gross aspects of common prac
tice reinforces the concept of coua
tion (1) as a viable mathematical
madel for the salary growth of &
steady-performing faculty member.

The role of academic rank is dem-
onstrated in figure 4. The salary ceil
ings for the various ranks are assock
ated with the upper asymptotes of
cquation (1) for ccrtain steady ath
percentile performers, a finding
compatible with common interpreta-
tion of these ceilings as carcer-end
platcaux.

Equation (1) has been used’ u
represent growth of a parameter o
some simple biological organisms,
such as the root length of a bean and
the size of a ycast colony in a tes
tube. Tt is accordingly tempting to
refer 1o the norms of figure 2 as the
natural salary-cxperience norms for
various levels of performance of doc-
torate enginecring faculty member
at an engineering school of average
recruiting potential.
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