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ABSTRACT

The purpose of this paper is to demonstrate how certain

personnel practices influence the ability of a university

to achieve and maintain a desirabJe faculty rank distribution

and new appointment rate when the faculty size is fixed.

A mathetatical model is formulated that relates faculty size,

promotion rates, and tenure and nontenure lifetimes to the

proportion in tenure and the annual appointment rate.

Real data from the School of Humanities and Sciences at

Stanford University is used to analyze the effects of several

different appointment, promotion and retirement policies

in that School. Equilibrium results are obtained to indicate

what would happen if a given set of policies were followed

'for, a long period of time and all behavioral parameters

were to remain fixed. a_shott-run analysis is

performed to investigate the extent to which an undesirable

faculty rank distributiOn can be changed over the next ten

years under altenative perSonnel



I. INTRODUCTION

The purpose of this report to demonstrate how certain

personnel practices influence the size and rank composition

of a university faculty. More specifically, we are interested

in the question of how faculty appointment, promotion, and

retirement policies bear on the ability of an educational

institution to maintain the quality of its programs under

severe budgetary restrictions. The seriousness of the prObleM

is best illustrated by a specific example. During the ten-year

period from 1959 to 1969 the number Of professorial faculty

members in the School of Humanities And Sciences at Stanford

University increased at the average annual rate of 5.2%

(Table 1); this expansion ended abruptly in 1969 when the

administration decided that'the total faculty size would have

to remain fixed from, that year forward. One obvious effect

of this decision was to restrict the ability of the SChool

to hire new faculty members in ,future years.. To the extent

that maintaining a steady influx of new people is important

to the School' , future well'-.beingtherefore, it becomes

necessary to understand how various practice! can and do

influence the nuMbprof vacancies that will become available
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Table 1. School of Humanities and Sciences, Stanford University
Growth of Professorial Faculty in the Period 1959:to 1971

Academic Assistant Associate Total
Year Professors* Professors Professors Professorial Faculty

1959-60 66

1960 -61 76

1961-62 .87

196263 79

1963-64 80

1964 -65 87

1965-66 92

1966-67 106

1967 -68 118

1968 -69 116

1969-70 116

1970-71 120

1971-72 126

63 128 257

66 135 277

71 157 315

73 161 313

67 166 313

66 178 331

65 181 338

69 193 368

406

75 212 403

81 225: 422

70 -.234 424

71 230 427

76 212

School of Humanities and Sciences Faculty Rosters

includes all Aotinig Assistant Professors.
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This problem is not unique to this School- within this

University. In fact, now that enrollments have ceased to

grow and other sources of incremental income are no longer

readily available, there is a tendency among a great many

institutions of higher education to hold the line onfacult,..,

growth. By making explicit the relationships between important

policy "variables in a faculty personnel sy tem, it is hoped

that this paper will lead to a better understanding of the

problems that generally arise in the "steady-state" and hOw

these might be resolved.
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II. A TWO-STATE MODEL OF FACULTY FLOWS

What exactly are the policies that, taken together,

.completely determine the composition of a faculty? Consider

the simple "two-state" model of Figure 1 in which the

left-hand block represents nontenure faculty, the right-hand

block represents tenure faculty, the subscripted letters

indicate variable stocks and flows, and the arrows indiCate

direction of flow.

f24

f13
f
23

Figure 1. A Two-State Model of Faculty Flows
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The variables of this. model are defined as follows:

f
1

='new appointment rate to nontenure

f
2

= new appointment rate to tenure

f12 = promotion rate of nontenure faculty

f
24

= retirement rate of tenure faculty

f
13 = resignation and mortality rate from nontenure

23 = resignation and mortality rate from tenure

N, .= number of nontenure faculty

N
2

= number of tenure faculty.

Of these eight variables, all but the tenure resignation rate,

f
23' are chiefly determined by institutional policy. However,

not all of the remaining seven may be specified independently

of each other. This is due to the existence of certain

institutional restrictions that reduce the number of "degrees

of freedom." These include a fixed faculty size and, when

the system is in equilibrium, the requirement that the flow

into each state exactly equal the flow out Thus, there remain

no more than four degrees of freedom, which is to say that

the specification of any four of the variables f,
1,

f f
2' 12'

f24' f13, f23, N1 andNdetermines all of the others.

Suppose it is desired to increase the proportion of facility

in nontenure. There are essentially three policies that, can

achieve this result: (1) decreasing the promotion rate,
f12;
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(2) increasing the retirement rate,
f24;

and (3) increasing

the proportion of new appointments made to nontenure. We

shall use the two-state model to examine the relative effects

of such new operating policies.

Oliver [1969] used this model to identify feasible new

appointment schedules for the Berkeley campus of the University

of California under various policy restrictions. While our

approach is similar to his, an important distinction is that

in this paper we are concernec with both long-run and short-

term effects, whereas he focussed exclusively on trade-offs

in equilibrium.

1. Equilibrium Computations

For the purposes of this study, the following parameters

are assumed to be known and given:

= total faculty size

= fraction reappointed to nontenure

= fraction promoted to tenure after reappointment

fraction of new appointments made to tenure

lifetime in first stage of nontenure

lifetime

lifetime in tenure (promotions)

in second stage of nontenure

= lifetime in tenure (new appointments).
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The advancement of nontenure faculty proceeds in two successive

stages. Initially, a new assistant professor is hired for

a specified period of time. After this time has elapsed,

a fraction al receive a second appointment in nontenure;

of these, a
2

are eventually promoted to tenure, while

(1 - a
2

) drop out of the system. A distinction is made in

tenure lifetimes between those who are promoted from within

and those who are initially appointed to tenure because members

of the latter group are typically much older when they enter

the system than are those of the former.

The first equation states-that when the system is in

equilibrium the flow into nontenure is balanced by the flow

out:

(1) f
1

=
1

+ f
1

Equations (2) and (3) express the number of factlty in each

group 'as the product .of the aVerage lifetime in the group

and the flow rates of persons entering the group:

(2)

( 3)

The parameters al and
2

relate the flow rate of promotions

to the flow rate of appointments' to nontenure:
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while 13 relates the tenure new appointment rate to the total

new appointment rate:

(5) f2
13(fl f2)

Finally, Equation (6) expresses the quota restriction on the

size of the faculty:

(6)

Let

tenure. Eqns. (1) through (6) may be solved for r in terms

of known variables:

N
1
+ N

E N2/(N1 + N2) be the proportion of faculty in

(7) r = Lala2w rwl + ala2w2 + 1a_(3, w2i_

)
(

where
wl

E WI + aiWy is the AverNge lifetime in nontenure.

Similarly, we may solve for the total appointment rate:

(8) + f
2

= [ (1-)1.4
1 al a2a a (1-6) +

Observe that the numerical value of the appointment rate depends

on the faculty size, while the tenure proportion does not.

Equations (7)-and (8) may be used to examine the tradelffs

between promotion rates, rank distributions and appointment

rates under different operating poliCieS Figure's 2 and 3'

illustrate the long-run effects of three particular appointment

and retirement policies, for specified promotion fractions.



Long-run
fraction
in tenure
(r)

1.0

Figure 2. IongRun,Fraction In TenureNs, Fraction Promoted From
NontenureUnder-;Three, Policy Alternatives
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20% new appointments to
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with ea#1y retirement
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H. & S. new
appointmen
per year
(f

1 4
+ f2)

100
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60

Figure . H. E S. New AppointMents Vs. Fraction Promoted From
Nontenre Under Three Policy Alternatives

20% new appoi tments to ten4.e

20% new appointments to ten4e-
wit% early retirement'

No new appointMents to .7.enur

20

7-1-±"-

.2 .4 .6 .8 1.0
Fraction promoted to tenure (a2)



Policy I (broken curve with alternating dots and dashes) assumes

all vacancies are filled by nontenure appointees, Policy II

(broken curve) is the case in which one in every five vacancies

is filled by a tenure appO541tee. Policy III .(solid Qurve)

is the same as II, except that early retirement Options are

used to reduce tenure lifetimes by five years. Figure. 2 shows

the fraction in tenure that' will eventually result from each

of these policies While Figure 3 shows the corresponding: annual

appointment rate for the School of Humanities and Sciences

at Stanford. The numerical values of parameters which were

held fixed in these computations (see .Table 2) were based

as much as possible on data gathered from historical records

Table 2. Parameter Values Used in
Equilibrium Compuations

Variable, Policy I Policy II Policy III

.75 .75 .75

0 .2 .2

2.7 2.7 2.7

2.2 2.2 2.2

25 25 25

15 15 15

415 415
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c)..f the SChool. Specifically, the reappointment fraction

nontenure lifetimes were obtained frOm a cohort study of

assistant professors who were

1964-65. The faculty size

first appointed in 196-3-64

, was fixed at the current

level of regular faculty, not including 'assistant professors

with Acting titles (see Table 3) . Since data were not

available for .lifetimes we used values

reasonable anc were consistent with observed rates of attrition

over the past five years.

A most interesting feature of all the Curves in Figures 2

and 3 is their result is that

no matter- what appointment policy is used once the fraction

of reappointed nontenure laduity members Who are eventually

promoted to tenure reaches 30% (-.7;orresponding to Only 22.

of those initially appointed), the:tenure ratio will always

exceed ...55 and the'neW appOintment rate will be belOw. 50 per

year Beyond;this pOint, the tenure ratio climbs more slowly

to a maximum of around .41, the appOintment,rate drops more

slowly tO loetween 19 and 24, And the spread'between the curves

becomes incgghAficant.

initially Hsteepplope The

The main consequence of the early retirement policy is

to free up an additional 6 to 10 vacancies per year (Figure 3)

which, for a given appointment and promotion policy appears

to reduce the tenure ratio by about 05 (Figure ) Finally,

s interesting to note that in Figure 3 the curve for
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Policy, II actually crosses the curve for Policy L. This

means that when the promotibn rate is sufficiently high nicre

vacancies will resUl when some new appointments are made

directly:to tenure, the reason being 'that such pOlicies have

the effeCt of reducing the average lifetime in the system.-

. Short -Run, Effects.

An equilibrium analySis serves to indicate the directions

in which changes will occur due to new policies and ultimately*

the magnitude of'these change's.: For planning. purposes, it is

also IMportaht to predict the effects that will take place in

the sh6rt,run for there is. often a long lag (perhaps of the

order of 20. to 25 years) between the time when a neW policy

is adopted and the time when the steady7state distribution and

appointment rate shown in Figures 2 and 3 are actually achieved.

Long tenure lifetimes make, it difficult to change the faculty

composition' very significantly

we shall perform a

disCUsSed.

the short run. To illuStrate,

shortrun analysis of certain of the policies'

While the equilibrium computations were based on a

longitudinal model, short-run predictions were made using

a cross-sectional model which faculty stocks in year t + 1

depend only on faculty stocks in year t and new appointments

made in the interval from t to t + 1. To be more explicit,
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under a given set of policies we assume that each year some

fraction pil of the nontenure faculty remain in nontenure,

a fraction p12 are Toromoted to, tenure and a fraction
P22

,1=

the tenure faculty remain in service. Thus,

t = 0, 1,

(9)

we may write, for

Equations (9) have as their steady-state analogs Equations

(2) and (3); in the transient case, the p. are fractional
ij

flow rates, and the quantity (1 - .)N.(t) is the rate
J

13

of attrition from state i during Constraints

are assumed to hold in each year, and so we have

(10)

(11)

If the system described by (9,, (10), and

(5) and (6)

(11) were in equilibrium,

one could drop the time subscripts and Jolve for N1 and f12
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Making the correspondence between (12) and (2), and (13)

and (4) enables us to express the cross-sectional fractions

and p, in terms of longitudinal parameters:

(14)

(15)

In making' short-run predictions (Say

P 11

extending 10 years in the

future) it is meaningful to, let policies affecting proMotion

fractions and nontenure lifetimes change the transition fractions

according to (14) and (15) because these lifetimes are relatively

short, (say 3 to 5 years), The same ,cannot be said of the

traction p22 since tenure lifetimes

must be taken

are long, in most

as a fixeca datum in the short

run .

For our short- run calculations we specified values for

(()),H (0), p22, al,. a2, w' 'W and R.

and (15)were used to compute p11 and n
L-12

.(10):, and (11) were solVed iteratively for the

N1jty; N2 (t), yi(t); andy,(t).., Values for

Equations (14)

and then Equations

stocks and the transition fraction P22

the initial faculty

were based on a study

of actual faculty f1oWS in the School ofjiuManities and Sciendes

during the period September 1966 to September 1971. The results:

of that study are summarized in Tables 3 and 4.

pJLJ
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:Predictions were made for four of the policies disOussed

earlier. Table 5 shows the parameter values used in these,

computations; the results, expressed as faculty stocks and

floWsduringthe ten-year period, beginning with the current

academic year, are ,shOwn in Tables 6 through 9.

Table 5. Parameter Values for Short-Run Computations

Variable Policy A Policy B

N1(0) 120

(0): 296

415

0

Policy C Policy

120 120

.75 .75

0 .3

2.7 2.7

2.2
2

p22
.945

296

415

. 2

.75

. 3

2.7

2.2

.945 .945

296

415

. 2

.75

. 3

92
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Policy A represents the extreme case in which no nontenure

faculty are promoted to tenure and no new faculty are appointed

to tenure. Here, all vacancies created by attrition from tenure

result in additions to nontenure. This policy leads to a

steady decrease in the tenure proportion from .71 to .43 in

ten years,.and to a steady increase in new appointments from

44 to 65.

In Policy B it is assumed that 30 per cent of all reappointed

nontenure faculty are eventually promoted to tenure. There are

still no appointments directly to tenure. As one would expect,

in comparison with the no-promotion policy the decrease in the

tenure ratio and the increase in the new appointment rate occur

at a much slower rate. However, the tenure ratio has still been

brought down below .6 by the end of the ten-vear period.

Policy C assumes a promotion fraction of .3 and, in

a tenure appointment fraction

addition,

of .2 Such a policy comes very

close to maintaining the status quo. At the end of ten years

the tenure proportion is reduced by only .03 and the appointment

rate is increased by only three new faculty members per year.

Policy D superimposes arear1y retirement program on the

calculations.- for PolicyC, Early retirements are assumed to

cause the fractional retirement rate to

per year. As a result, it is

double from 2 5 % to 5%;

apparent from Table 9' that even,:



when appointment and promotion rates are increased the tenure

proportion can still be reduced by. .1 over the short run.

Of course, a faster reduction in the tenure ratio could be

achieved if the early retirement program were coupled with

efforts to reduce promotion rates even further and to substitute

more nontenure appointments for tenure appointments when vacant

positions are being filled.
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