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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 desirable faculty rank distribution

~and new appointment rate when the faculty size is fixed.

A mathematical model is formulated that relates‘faoulty‘size,
promotion rates, and tenufeland nontenure lifetimes to the
proportion in tenure and the annual appointment rate.

Real data from the School of Humanities and Scxtnces at
Stanford UnJverSLty is used to analyze the effecte of several-
different app01ntment,'promoclon and retirement pollc1es

in that School. Equiiibrium 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. In'addition, a short-run analysis is

tperformed7to”inve:tigate the extent to which an undesirabie

faculty rank dlstrlbutlon can be chanqed over the next ten'

years under altenatlve personnel pollc1es.
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I. INTRODUCTION

‘! _ The purpose of this report is to demonstrate how certain
personnel practices influence the size and rank composition

i of ‘a university faculty. More specifically, we are interested

in the guestion of how faculty appointment, promotion, and

[EOTRNESP

retirement policies bear on the ability of an educational

1nst1tutlon to maintain the quallty of its programs under

S it ]

severe budgetary restrrctlcns The seriousness of the problem

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

LT
. H

pericd from 1959 to 1962 the number of nrofessorial 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 akruptly in 1969 when the

administration decided that‘the ‘total faculty size would have

. )

to remain flxed from that year forward. One obv1ous effect

3‘ ' ' of thls dec151on‘was to‘restrlct ‘the ability of the SéhoOl,

it

to hire new faculty members 1n future years.‘zTo the‘extent
that malntalnlng a steady 1nflux of new peOpTe 1: 1mportant
- to the School s ruture well belng, therefore, it }:><~<-~ox"le=~e
recessary to understand how various practices can and do
1nfluence the numbnr of vavanczes that will become avallable

to. be fllled durlng an ‘annual cycl
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Tablell, School‘of Humanities and Sciences, Stanford University
Growth of Professorial Faculty in the Period 1959 to 1971

N )
Academic Assistant Associate 1 Total
Year Professors* Professors Professors ‘Professorial Faculty
1959-60 66 . 63 - 128 257
1960-61 76 66 135 277
1961-62 87 7 157 315 i
| ‘1962463 4 79 73 161 313
1963-64 80 - | 67 - 166 313
1964-65 87 66 178 331
1965-66 92 | | 65 i 181 338 |
1966-67 106 69 193 368 S~
1967-68 118 76 212 406 |
1 1968-69 116 . 75 | 212 ‘ 403
1969-70 116 81 225 422 ?
~1970-71 120 70 234 | 424 |
©1971-72 . 126 71230 a1 : ,f%
‘Source: School of‘Humanities and Séiences‘faculty Rosters }

)

[

* includes all Acting Assistant Professors
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This problem is not uniéue to this School within this
University. In fact, ﬁow that enrollments have ceased to
growiand 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 on facultw

. growth. By making explicit the relationships Letween iﬁportant'

polidY”v&riablés in a faculty personnel'sy%tem, it is hoped
that this paper will lead to a better uﬁderstanging of the
problems that generally arise in the "steady-state® and how

these might be resolved.



I1. A TWO-STATE MODEL OF FACULTY FLOWS

What exactly‘are the policieé that, taken toggther}
‘completely determine the composition of a faéulty? Consider
the simple "two-state"” model of Figure 1 in which the
left—hand block represents nontenuré faculty, the_right—hand
block represents tenurerfacﬁlty, the:subSCripted lettérs
indicate variable stocks and flo&s,‘and‘the arrows indiééte

direction of flow.

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

? fl‘ ='new appointment rate to nontenure
‘ £, = new appointment rate to tenure
; f12 = promotion rate of nontenure faculty
f24 = retirement rate of tenure faculty
- '.fl3 = resignation and mortality rate from nontenure
f 'f23;= resighation and mortality rate from tenure
, N, .= number of nontenure faculty
N2 = number of tenure faculty.

of theSe'eightovariables,'all but the tenure resignation rate,
f23, are chiefly determined by inetitutiohal polioy; However,
not all of the remairing seven may be epecified independently
of each other. This is due to the existence of certain
institutional restrictions that reduce the number of "degrees
of freedoh." These include a‘fixed‘faculty size and wheh
;' the system is in equilibrlum; the requ1rement that the flow
‘into each ctate exactly equal the flow out Thus, there remain
yno more than four degrees of freedom, whlch 1s to say that‘
,ythe spe01f1catlon of any four of the varlables fl’ 2,‘h12,
£

f f

-~

137 N.,. and Nz‘determlnes all of thelothers;

24" 23" 71
Suppose it is de51red to increase the proportlon of - faculty
in nontenure. There are essentlally ‘three pollcles that .can

ach1eve this result. ,(l) decrea51ng‘the promotlon rate, flz;




h6—
(2) increasing the retirement rate, f24;'and (3)“increasing - o
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 Berkéley campus ofvthe'University
of California under various policy restriétibns. While our
approach’is similar to his, an iﬁportant distinction is that
in this paper we are'concerned‘with both long-run and short-
term effects, whereas he focussed exclusiyely on trade-offs

in equilibrium.

1. Equilibrium Computations

For the purposes of tﬁis study, the following parameters

are assumed to be known and given:

N = total facﬁlty size 3
a; = fractiohfreappoihted to nontenure B I . fg

' ay = fracﬁidn prémOted.tO'tenuré éffef[féappointment ‘ _ | Tg.,
Bl'= fraction ofshew‘appOintmenﬁs‘madé to tenure k
wi =‘iifetime infifst stagevpf-nonﬁenu;e o - T
wy = lifetime in second stage of nontengre‘
w£‘= lifétime'in_tehure (p;omptiOhS) i
w; = 1ifetiﬁe_iﬁ tgnure (new‘appo}ntmentS). . : o ~
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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 a; receive a second appointment in nontenure;

of these, are eventually promoted to tenure, while

@2
(1L - az) 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) £, = £15 + 15

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

:group as the product of the average llfetlme in the group

and the flow rates of persons enterlng the group:

p = (g ogwp) B

(3) ; | N2 = w2'f12 +‘wgf2 ‘-

The‘parameterS‘ 0y and o, relate the flow rate of promotions

2
to the flow rate of appointments' to nontenure:




while B relates the tenure new appointment rate to the total

new appointment rate:

(5) £, = B(f, + £3) .

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

size of the faculty:

)

Let r Nz/(Nl + N,) be the proportion of faculty in
tenure. Egns. (1) through (6) may be solved for r in terms

of known variables: ) ‘ S ‘G‘F”
r : \ T ] ——---B "-l : o '

(7) r = (xl(xzwé + ...é.._) V\72 / Wl 4+ CXl(X2W2 + 1—8 WZ_J ’ . . ‘ .
-6 | b

where Wy = wi + alwi is the average lifetime in nontenure.

Similarly, we may solve for the total appointment rate:

® £+ £, = [(-8)w) + o oy (1-B) W) + Byl h /R,

' Observe that the numerical value of the‘appointmeht fate depends

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

1
{
it

ok

;Eéuationéy(7)“and (8) méy‘betused‘to exémine the trade-~ffs
between‘prdmotion‘rates,‘rahk distfiﬁutiong,‘and appointmenﬁy‘
,ratés-under?different operating pblicies;~ FigﬁresAZ énd‘3!k
 i1lustrate the longffun'effécts of tﬁree parti¢uiar‘appoinﬁméﬁt'

i and retirement‘policies, for‘specified promotion fractions. .




Eigure: 2. Long Run Fractlon In Tenure Vs, Fraction Promoted ‘-"rom
‘ ' " enure Under Three Policy Alternatlves
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,'Figuref3. H.: &€ S. New Appoxntments Vs.;Fractlon Promoted From
' Nontenure' Under ‘Three "Policy Alternatlves
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Policy I (broken curve with alternating dots‘éhdvdasheé) assumes
all vacancies aré‘filled by nontenure appointeés.»JPoiicy‘II
(broken curve) is the case in whiCh one iﬁ.e&ery‘five‘vécancies
is filled by a tenure appointeé, 'PQIiCy ;II‘(solid'cgrve)
is:the samé as iI, eXéept\that“eariyrretifement options are

used to reduce‘tenureHlifétimeSkby five yéars. Figure: 2 shows

- the fraction in tehure that'will evéntually result from each

of these policies while Figure 3 shows the corresponding annual

appointment ratékfor 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‘Usea in
' - Equilibrium Compuations

i

Variable  Policy I ‘policy II Policy III

ay 75 ' .75 N 5
B 0 .2 .2

Wy 2.7 2.7 2.7

w" 2.2 2.2 2.2

1 '

w! 25 25 25
2 . |
2

¥F 415 415 ' 415
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of the School.‘ Specifically, the reappointment fraction h‘<, ‘)y K
and nontenure‘lifetines were‘obtained from a cohortystudy‘of , ‘ i
.ass1stant professors who were flrst app01nted 1n 1963 64 |
and 1964 65. The faculty 51ze,‘ﬁ, was flxed at the current
plevel of regular faculty, not 1nclud1ng ass1stant professorsr
S w1th Actlng t1tles (see Table 3) ‘Slnce data were not

avallablenfor»llfetlmes‘inytenure, we used values that .seemed

‘reasonable anc were consistent with observed rates-of‘attrition
‘OVer thefpast‘five years. o - ‘ C ; ‘{f
A most 1nterest1ng feature of all the curves in Flgures 2«‘

~.and 3 is thelr 1n1t1ally steep slope. The result 1s that

no matter what app01ntment pollcy 1s used ~once the fractlon

vfof reapp01nted nontenure faculty members who are eventually

‘promoted to tenure.reeches 30%‘& orrespondlng to only 22%

[P .

“of those. 1n1t1ally app01nted),' the tenure ratlo w1ll always kS

IR S

‘exceed_,55‘and=the new app01ntment rate w1ll be below 50 perf;
.gyear.f Beyond»thls p01nt the tenure ratlo cllmbs more slowly | - E | "

'to a max1mum of around 8 the app01ntment rate drops more

.

'SlOﬂly»to‘between‘l9 and_24,yand;the spread‘between‘the curves’

. becomes insignificant.

e
P e

The main consequence of the early retlrement pollcy is.

Aot ed b
- L

to free up an addltlonal 6 to 10 vacanc1es per year (Flgure 3)

whrch, for a,glven,app01ntment”and promotlon pollcy,‘appears

A

-tohreduce the'tenureviéfio byvabOUt"OSl(Figure‘Zl Flnally,

pepasvant
Lo

”1t 1s 1nterest1ng to note that 1n Flgure 3 the curve for
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Table 3. Schocl ow mc!mbwnwmm and mnwmsomm

‘Actual Faculty’ Movements: .

.mmmnmawmn 1, mem to mmmnmabmw H 1971
_ Nonten. Tenure - ZOUﬂmdde‘ embcwm emﬂswbmﬁHObm , zms wvwﬁm. 2m£ wwwd
Year Faculty* ‘Mmocw\m‘ wHoSOﬁwo:m Terminations wmmwmbmﬁHObm wmﬁHHmmeﬁm Ummﬁwm ZOUﬁmbcﬁm‘ Tenure
1966-67 105 252 | 8 . & | 5 . 2 2. | 2 W‘,wm;
1967-68 110 267 | 15 S5 S & R R 26 1T
1968-69 106 284" 11 11 7 | 4 0 |32 15
1969-70 116 299 | 5° 19 | s 5 1 22 7
1970-71- 114 1299 7 12 | s 6 .. 3 25 7
1971-72 120 296

.mocﬁom.‘ mcam:wﬁwmm mbm mOMmbnmw‘mmHmHW wowmmﬁmpwmmmlmq ﬁwﬁocmw quwlqw

* Uomm SOﬁ HSOHcmm wOﬁHb@ wmmwmﬁmbﬁ MHommmmOHm SHﬁ: m#OHﬁlﬁmHB mwwowbﬁambﬁm.

Q
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Policy 1T actually crosses the‘curve for Policy I. This
means that when the promotion rate is:suffiCiently high more
‘ vacanc1es w1ll result when some new app01ntments are- made
d1rect’y to tenure, the reason belng that such pOllCleS have

the effect of reducing the average llfetlme in the system.

2, Short-Run Effects.

An equlllbrlum analys1s serves to 1nd1cate the dlrectlons
wln Whlch changes w1ll occur due to new pOllCleS and ult1mately,
lthe magn1tude of these changes. For plannlng purposes, it is

__alsoplmportant to pred1ct the effects‘that w1ll take place in

the short run, for there 1s often a long lag (perhaps of the

order of 20 to 25 years) bﬂtween the tlme when a rew pollcy

“1s adopted and the time when the steady state dlstrlbutlon and

‘app01ntment rate shown 1n Flgures 2 and 3 are actually achleved‘

‘Long tenure llfetlmes make it d1ff1cult to change the faculty
composltlon Very s1gn1f1cantly in the short run To 1llustrate
,[we shall perform a short—run analys1s of certaln of the pollc1es

d1scussed earller

Whlle the equlllbrlum computatlons wele based on a
10ng1tudlnal model,‘short run predlctlons were made- us1ng

- a cross sectlonal model 1n Whlch taculty stocks in: year ‘t +.1

depend only on faculty stocks 1n year;4t= and new app01ntments,‘k

made 1n th, 1nterval flom t to t + 1 To be more expllClt,‘

P
N N
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under a given set of policies we assume that each year some
fraction Fil of the nontenure faculty remaln in nontenure,

a'fraction ;Eﬁz are,promoted‘tovtenure, and a fractlon Ebz of

~
o

-

the tenure faculty remain in service. Thus, we‘may wrlter for

pllNl(t)r‘.‘ o+ fl(t)ﬁ

Nz(t+1)

P1oNyp (£) + PyoNo (k) + £y (t)
Equations (9) have as their‘steady-state analogs Equations
(2) and-(3)f in‘the:transient'ease, the,rajare_fraetional
‘flow rates, and the quantity” (1 - ﬁp )N (t) is the‘rate

]

of attrltlon from state i; durjng~year t. Constralnts (5) and‘(6)

are assumed to hold in each year, and\So?we‘have ‘

(xo) ffztt)'=-5tfl(t)frfz(tYIulf,(t  0, 1,...) and

il

(11) LN (e) + Nz(t);#fﬁ.,-~- Lt =1,2,0.00) .
If the system descrlbed by (9,; (10), andl(ll)‘Were in equilibrium,;
one could drop the t1me subscrlpts and ;olve for Nj and f13

in terms of Vfl the result would be

L (12) | “ : N1= (1 - pll) V‘ ;anjd‘

i S o o -1 .
s £12 Pyp N p12 (1 - pll) £y 0
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‘Making the‘correspondence‘between (12) and (2), and (13)
and (4) enables us to express the Cross- sectional fractlons
and plz ,1n terms of longltudlnal‘parameters:

-

e N T T T

(15 ey - ayoy (wj + oqw) T
‘MIn‘making‘short-runfpredictions (say ertending 10 years in the‘
future) 1t is meanlngful to. let pollc1es affectlng prcmotlon
‘fractlons rand nontenure llfetlmes change the transntlon fractlons
‘accordlng to (14) and. (15) because these llfetlmes are relatlvely
shortf(say~3‘to 5 years)“ The same cannct be‘sald of the
JfraCtionibpzé- s1nce tenure llfetlmes are long, in'most
Happlicationst p22 must be taken as a flxaﬂ datum in the short

run.

“For our short run calculatlons,‘we speclfled values for
(O), N2(O), N, p22,‘a1, az,]wl,‘ 5,‘and B. ‘Equatlons‘(l4)
‘and (15) were Lsed to compute pll and plz, and then Ecuatlons

(9),”(10), and (ll) were solved 1terat1vely for the

iNl(t), N2(t), yl(t),‘and y2(t) Values for the 1th1al facultv
?stocks and the trans1tlon fractlon p22 were based on a study

‘ of actual faculty flows ‘in the School of: Humanltles and Sc1ences

durlng the perlod September 1966 to September 197l. The results

’of that study are summarlzed ‘in Tables 3 and 4

P




Year

196+ 57
1967- 8
1968-69
1969-76

1970-71

Pive-Year
Average

Table 4. MQWOOH.om;mcamdwnwmmbmnmvmnwmuommH
Fractional Flow Rates of Faculty:-
September 1, 1966 to September 1, 1971

Promot;on n kit He bdon Peath
Rate’ " Rate: ‘Rate
8% 8% 2.0% 0.8% 0.8%
14s | 14% 4.1% 1.1% 0.4%
108 10% 2.5% 1.4% 0.
43 163 2.0% 1.7% 0.3%
68 113 2.7% 2.0% 1.0% "
8% 12% 2.7% 1.4% 0.5%
- L et Gk M A

IC
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‘Predictions were made for four of the policies discussed
earlier. Table 5 shows the parameter vaers used in these‘

computatlonS"the results, expressed as faculty stocks and

 f1ows durlrc the ten—year perlod beglnnlng with the current )
‘ ‘academlc year, are shown in Tables 6 through 9.
- Table 5. Parameter Values for Short-Run Computations &
»Variable B PolicX A Policy B ‘ Policz C Policy D
N (0) 120 . 120 120 120
Ny (0). 296 296 296 296
N 415 415 415 415
8 0 R B .2 5 L2
o0, N T |- « .75 .35
Gy ' 0 .3 : ‘ 3 ‘ ‘1.3‘
W 201 24 S2u1 2.7
W 2.2 - 2.2 2.2 T 20
| .945 .9 | 945, 92 )
Pyy 945 945 | -9 .92
(Note . The value"945~f0rftpééw-1n Table 5 is based<on a‘M
re51gnatlon rate of 2 5% a- ret rement rate of 2 5% and a D Q
‘ \ ‘ o |
mortallty rate of 0 5% )




Table 6. Short-Run Changes in Humanities & Sciences Faculty Composition:

Policy A: ~NO NEW APPOINTMENTS TO TENURE
| NO PROMOTIONS -FROM NONTENURE - -

Tenure - Nontenure “Tenure = . New

Proportion

Hmbch
Faculty -

ZOSdvaHm
Year  Faculty

1971-72

1972-73
1973~74
1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

T ey mg .

©.120
me
151

166

180

193
205
217

228

238

P

296

279

264

249

235

222
210
198
187

177

[ Lo

W71

.67

.64

.60

.57

.53

.51

.48

.45

.43

Fnemmanry Scrpmm e

O

0

28
31
35
38
41

44
a7
. 50

52

C16
15

S 15

14

13

12

%

12

11

10

Fromotions - Terminations ~ Terminations Appointments

44
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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 .7l‘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 reapp01nt°d
nontenure faculty are eventually promoted to tenure . There are

still no app01ntments dlrectly'to tenure. As one would expect

in compa11son with the no—promotlon policy the decrease in the

tenure ratlo and the 1ncrease in the new app01ntment 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.

Polch C assumes a. promotlon fractlon of .3 and, 1n addrtlon,

a tenure app01ntment fracilon of 2 . uuch a pollcy comes very

'close to ma1nta1n1ng the status quo.' At the end of ten years'
the tenure proportlon 1s reduced by only .03, and Lne app01ntment

rate is 1ncreased by only three new kaculty memberS‘per year.

Pollcy D superlmposes an early retlrement program on the

r,calculatlons for Pollcy C. Earlv ret1rements are assumed to“

br.‘cause the fractlonal retlrement rate to double from 2 5% to 5%

B per year. As a result, 1t is™ apparent from Table 9 that even
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when appointment and promotion rates are increased the tenure
proportion can still be reduced by .l over the short ruﬁ,

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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