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- ~ Faculty Flow in a Medical Schpol - A Policy Simulator

This paper describes a computer-based simulation model which can be qifd in

an\%nteractive mode to analyze the effects of alternative hiring, promotion,

, tqphre granting, retirement and salary policies on faculty size, distribution,

én% aggfegate salary expense. IThe model was desigﬁed to\ e adequately flexible
and compréhengive to incorporate the array of faculty ap ointhrent and tenure
types-found in medical schools throughgut the Uni?ed States. It has been

implemented and tested on data from the Case Western Reserve University School

of Medicine.  This project was conducted under subcontract from the Assgfiation

—~—

_ : \
of American Medical Colleges and funded in part by the National Li -y of

Medicine. : /

N . S
s




, ( %, Faculty Flow 3

Although the leveling and even shrinkage of enrollm:nts which has
AOEN \ N

characterized most of higher education iésthis country has not yet impacted -
on the system of physician education, a stabilization and perhaps even a
gradual reduction of medical 'school class sizes and faculty numbers seems a
like%y possibility. Secretary of‘Health, Education and Weifare, Joseph A.
Califano, in an.address at the annual meeting of the Association of American

9 . .
Medical Collegels (AAMC) in Owkober 1978, pointed out that the United States

may soon be fac n oversupply of physicians, and stated that ''the most
_difficult challenge in the next decade will be to stop the growth (in pro-
duction of physicians) that was started by government health programs of the

1960's." He pointed out that these programs, by creating new teaching

facilities; boosting enrollments and expandiné faculties, resulted in a
‘ doubfing of the number of medical school graduates - from 8,000 in 1963 fto
lS,OOQ in 1978. '"'This looming ploblem of physician oversupply is a problem

of having succeeded all too well:“*having set out to educate enough physicians,

A

we now%face the possibility that we are educating too many,'" Mr. Califano

- /"‘ ’ " R R . ) .
said: Shifting governmen\él pos1tigﬂs, emplified by Mr. Califano's observa-

‘-\\

will probably lead to a reduction oriat least an end to the growth in

\ tions
\ \ .
: ernmental support me@ical schools and thereby in program sizes and faculty

= ] : r

‘l
numbers.

ﬁk : The pogsibility of litqle further growth or even reduction in.facu1t§

P

size and external funding in medical schools in the near future is ralsing

serioua’concern among many leaders in the field of medical education as to how

/)t%lan for and deal eftfctively w1th these changes, especially in regard ‘to .(. .
) 8

{

the;probortibn of faculties which/are tenured Legitimate questxéRchan be
cies are. -

raised as to whether existing promotion a@ﬁ tenure granting poli
T
“

q
~\ leading to staff{;g situétions in which there will be inadequate flex1bility i

to adjust Eaculty»yérength in éccordance with teaching, research, and clinical

(/ . > ] : - ' . 3
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. requirements, and adequate faculty turnover to assure vigorcus development

of prdgrdms:. : 4\§\

This project, which involved extensive analysis of historical faculty /

4
data at Case Wi§}ern Reserve University (CWRU) School of Medicine and the 5

s

’
development of&é\faculty flow simulation model, was aimed at providing schools
7 . . .

-

with a flexible, generally applicable tool: for énalysis of alter;ate promotion,
: . o

tenure, hiring and retirement policies.

'

Literature Review
Freeman and Rossmeier (1973) have reported that today's university faéhl;

ties as a whole are higher ranking, with a highep proportion tenured, and with
a higher proéortibn eligible for tenure.than faculties of 20.years ago. They
indica;e that %tile numbers of facuIty‘érevgenerally looked at to assess'the7
insq}tutionfs aéademic tenure healthﬂ a better indicator would be tﬁ%wdollaré

tied to tenured faculty.,” Similarly, Bloomfield (19755 has developed a

) b . .
"committed resources index" as an ipdicator of how many dollars are tied up

-in-a tenare system. Moreover, Bolte, Thomas, and Coleman (1977) érgue that

—y ‘ a

an institution's promotion policy may have an even greater effect than its .

tenure policy in assessing institutional salary commi tments.. Pointing out

that'the distributiorn of faculty among rank will significantly impact on the
S . . . . -

funds' required for faculty salaries, they conclude that promotion_systems must

.

be flexible edough tgkallbv for outéﬁaﬁding faculty to advance, while stringent

enough so that an institution does ‘not become top heavyDWith_hnger salaried

‘senior faculty. 1In the only article'fopnd 6ﬁi§he tenure issue. as applied
. - 7 . - - "

specifically to medical schools, épellman'aﬁd feiklejohn (l977)jcontend that "

- : . . . !/
continuing modification and experimentation with tenure systems is.necegsary

. ! . v - .
*can universities bestd retain the benefits of tenure without locking themselves
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into an inflexible environment? Several models have been developed to address
I

8ome of these issues.

One of the first such efforts was by Rowe, Wagner, and Weathersby (1970)
. . S ,
who applied optimal control theory to the analysis of faculty staffing policies.

Hopkins (1974) using the Markov chain technique at Stanford defined 17 faculty

states in which faculty. can reside at any given point in time. They include

L.

~
seven non-tenure positions, seven tenure positions differentiateo by age; and
" L 4

. ' ) E-3 0 :
retirement, resignation and death. McLaughlin, Montgomery and Smith (1976)

E 2 AR ST

report on a similar Markov application. . S

N
A Monte Carlo simulation approach has bqgﬁsapplied by both Gove\a (1975)

-

and Linnell (1976). Monte Carlo simulation introduces realistic ochastic

Ty

effects in promotiopgand retirement ocCurrences,'an& as. applied &y Goveia

<5§nd Linnell moves faculty through the system indig}dually as opposed to the

;- cohort approach characterized by the Markov chain ﬁethod. ' l {
‘ ' v

Combining both simulation methods, Nicely (1975) treats salary as the

i

ey variable in h;g model i.e. given a fixed availability of faculty salary' g
i 4 ’

fiinds, the only gource of monies a~filable for salary raises ;S the difference

ars

in/saiaries of departing faculty and incoming faCulty. ¥%§ éz;:iating the

movément of faculty through and out of the system, this fodel can determine
Bthe amount of monies available to Hire new faculty. Qu
. 5 . a ’
None of the models examineﬁ allow for the incorporation of the unique

L

characteristics of a medical séhool environment, and most ‘tend to focus on
Specific key variables in the faculty flow process. For this reason the

authors felt a new model.deveiopmentfeffort was warranted tb yield a more

comprehensive-and adaptable tool for policy planning and analysis, Afprimary
k)

goal of ~the project was to build a model that was adaptable and transferable’

cﬁ?only to medical schools but to other)universin components as\Nell The
| \ coN

- model 1s.structured 59 allpw for a variify of funding sources and faculty ‘ \\

Q ‘ \ . 7 . | N
P4 \ ‘ i ‘.
I br e . . —_
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, B

appointment types. It is built with dual sets of tenure, promotion, resignation,
- ' ~

growth and hiring policies to simulate the diversity exhibited between the
)

clinical and non-~clinical departments.

A
Model Desién and Operation , : .

¢ { . .
N

The Monte Garlo methpd of simulation was chosen as the most effective
. . R

- techpology for this particular application because it allows for maximum

flexibility and ease in adjusting key policy parameters and it best represents

the .stochastic nature of the system. Direct simulation of a probalilistic
. : N

problem via Monte Carlo is simple conceptually, but allows the andlyst to

incorporate particular details of the %ystem being modeled that are beyond

the reach of any general theoretical dathematical model Hammersley and, Handscomb

(1964) and Naylor, Balintfy, Burdick and Chu (1966). The madel described in this
(

papen\is called the Tenure and Promotion Pplicy Simulator (TPPS) and is programmed_

! v
~

in the BASIC language. b -
o 3o _ o . N
The core of TPPS is a logic set which processes {one faculty membgr at a \
time. An individual is represented by a line of encoded data which is read by
N -

the fiodel from ilg contalnlng each person's status as of the end of the'’

D

AT mode determines whether each 1nh1v1dual gets prombtedb,is

previous year.

awarded tenure, signs,-éﬁi{ts appointment type, etc., by comparing a uniquely

mber with the probability of occurrence of each of those

n

events. The individual S data line is then updated based on his new. status

€

.

thus processed, new,faculty are "hired" to replace losses or provide growth,
S r -

and they“a 00 are written onto the output file. ' When every individual from the

input file has been processed and new hiring, if any, is complete, one calendar

t

yead has transpired in simulated time. " To counterbalance the possibility of a
! .

' . .
: o

and he Is written onto an output file. Evéry inddvidual on the input file is (;

N

-

"
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' 1. , v )
modgl run being skewed because of'the particular seriesJof random numbers it

drdws, it autbmatically performs a seriés of complete iterations of ithe simula-

ion and repbrts@tgf averages of these.multiple passes. . - ;
v Figure } graphidally displays the overall flow, iijf%s and oﬁtputj of the

-

. model. All-data requirements of TPPS are either maintained in external data-
og\e

u & . -
Y‘:}files, re computer prompted. The model is designed in/ this fashion so
« that the user does not ‘havé to alter any aspect of the in&ernal model structure
B . o

-~
i ) . .
to simulate his/own institution or to analyze various policy alternatives.

. { - ' <
Eig%re 2 shows the output generated by TPPf. Of speci interest is th#& ’

e "

< column hea nge'. One othhe‘featupés bf Monte Carlo is that }hécuser

cag‘get some feel g&{ the precision of the results ?\om the v rlabirity ’ y,
5 . !
observed ffrom iteratéon to itera?ion in the éimulatlon TPPS auéB tlcally
. ¥ ~ J;
calculates the(standard dev1atléhs of the nudb@{s of faculty and salar expenée \
: L .
by rank_and displays in the ""Range" column the 954 confidence interval based on
-/7he Student's t distribution. The more iterations.run, the narrower the fanges,

v

4 . , ., ~ / -
/and hence the more precise the mgdel's estimates are. ' For a .school with a
/- *

~

. ' ] . .
relatively large faculty (over 500) five to ten'iteratjions 'should. yJeld fairly
. .

. S -
narrow rgnges. For much smaller school over 20 iterations may be necessary.

2 . : )
It spould also gé noted from the oWtput report that the model allows the
! )
. . Ve
user to specify up to eight'different appointment types for faculty. These are

deé?gned tofaﬂgﬁfg the user to tﬁmulate the various contractual, tenure and \‘ .

financial akrangements utilized\in medical schools in the United States. For

L

example, one can stipulate appointment categories leading to tenure, not léading)
]

{ " to tenure, totally or partially funded from Various non-university sources,

1
~ .

) jiénure with full, partial or no salary guaranted, and so on.

J :
TPPS is designed to be run in an interactive mode on a time—shqﬁgd
o) i
. ~.[ / ; X
‘computer. As such it asks the uii;/yb efiter "a number of factors at the start
!
i

2 1 N

' ]
N i

AN -y o

S B 9 <
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.of eﬁch'rhn. Some,of;tﬁese §peﬁify’the operational characteristics‘of the

.manipulated to Tepresent specific institutional policies

- , ) . —
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Y ) ; . -
[ . .
-~ . : . \ 4 [ ol . . R

\; 3

: simulation°(”run specifications”) and others are key pollcy parametérs likely

L)

.{o be‘frequéntly altered ( choice variables'). A s1mulatlon can also be {

L™

Br external influefices

; v

by altering the various probabilities or data‘sets which it reads from on—line -;

—~

S . . o . - .
files and uses fn its in%erual logicxas it processes each individual.” Theég\

variables are called sens1t1ve parameters Table 1 lists the important

l . .
/ ) NG
variables of each type which the user ¢ah manipulate. . N
. . \

‘The model and its input data files reguire about 60,000 characters of
file storage. During a simulation run.it temporarily requires an additional
. ), o
100,000 to 200,000 characters of storage depedding on the number of years and

iterations selected. An average size simulation run (700 faculty, 10 years,

6 iteratiohs) costs about $20 in computer time on a Honeywell 430 time-shared

computer.

?
Data Col]ection and Analysis ;
9 ) -
- Raw data collection consisted of chronologically tracking the entry,
!

promotion, tenure status, and departure of‘every full-time faculty member of
Lo y _ \

the CWRU School of Medicine from 1944/45 through 1977/78, a total of over 1850
indijiduals. From this "tracking" information, a computer data file was con-

structed containing encoded biographical and appointment history information

-

on each faculty member. Six data aggregation and synthesis computer progr]ms
were then written to dlsplay the data in forns appropriate for analysis of the
inter—relationships of each variable_gpon others. Analysis'of variance,

regression and chi square statistical tests were utilized to determine those

independent variables (such as age, rank, organizational unit) which have a

significant relattonship with the probability/of a faculty member receiving
& >

13
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TABLE i. User Manipulative Véfiab'es' .

- .
L

Runt Specificatidons:s~ , , - - _ S </ .
t 'll y ﬁumbéf”of*&ears to.be 'simulated -
Lo ~
2. _Number of iterations: :
. K i -

311'>Réporté for each yeaf, or ‘last year only
. . “ “ x
< b d
4, Starting year of ‘the simulation -
P :

!

.Choicé\Variables:

§ a

1. Percentage of faculty ieaying who are to be replaced

2. Salary inflation rate

3. Pre-tenu?e pérfbd

4, Years of servige within institution 5elow which faculty

can be -terminated .immediately ’ . .

Sensitive Parameters: = , ' ‘

1. Promotion probabilities. - . é§§§-

2.  Tenure pégbabilities' ‘

3. Resignation p;obabilities

4. Retirement probabilitjes - ) :
. N ked -

’

5. Death probabilities

6.  Probabilities of shifting from one appointment type to another
. - - i ?
7. Probabilities of hiring various/:;;}s when a new hire is made

8. - Ages of new hires ,
9. 1% a reduction program is in effect the proéortion of facultyj
to be terminateq
10. If a growth program is in effect the number of new faculty to -

be_added

11. Contract lengths in years

.
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1 : | T ‘ Y.

-a promotion, tenure, resigning, etc. Those&§tatistically éignifféant'functionai
e : : v : S ‘ :

& .

' S . (. . -
relationships, which were then incorporated into the model, are shown in Table 2.

-

- .-, ) ) . 4 / . .
To minimize model input data requirementé, further analyses were run on these
functional relationships to determine statisticglly distinct groupings of the

’

independent vatiable rénges. These. groupings then became the basis for the

_model inp@t data forms. Figure 3°is an example of one of the input forms result-

e

ing\from this process. 1It-displays the form utilized to input a;nual probabil-
ities of promotion to the next higher rank; and shows the groupings statistieally
. r
selected for fhe "year in rank" independent variable.
Sensitivity tésts were élso conducted on subsets of the chfbnological data
to determine the impact of changing system or exogenous factors over ‘'the years

upon the calculated probabilitiec. Where appropriate, such as in hiring, the

model was structured to ac¢omodate changes in input variables over time.

Validation

A critical last step in any simulation model~development and implementatién
effort 1is to evaluate the modél's ability to emulate reality. This is often
done by using the ﬁodel to simulate past experience where actual outcomes are
known, and this method was chosen by the-authors. A critical priof step,
however, is logic verificatioq, that ié to be sure that the model's individual
logical eléﬁents are functioning~as designed. To verify model logic, a vériety

of small faculty data files on each'rank were created. Using these files as

the starting faculty data, a series of independent tests were constructed to

J’Eﬁétermine the model's ability to Eyocess faculty in accordance with the input

probabilities. Once the model\logic has been verified, the next validation.
step was to attempt to simulate a reasonably extensive series of past years.
A starting faculty data file was created with actual profiles at a given

point in history -~ 1969 'was chosen as being adequately far back to provide a

15
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TABLE 2. Functional Relationships a . -y . ) :

3.

Promotion. = f(rank, ieérs in rank, organizatiq&al unit)
Retirqment’ = f(age) ' ’ ’ RS
Dea;h = f(a;e) i‘ . . ‘ l
3 )
Resignation = f(rank, tenure status, age, yearsbLn rank,

otganizational unit) =<

l!
LI
. Termination due to
nén-tenure

f(years in tenure track)

f (rank, yeaf% in tenure‘traék, appt. type,

Appointment status
organizational upit)

B
8-

f (rank, organizati%

+ Salary

Salgry sources f (appt. type, organizational unit)

'%(policy, organizational unit)

_Hiring rank %

f (rank, organizafional unit)

Hiring age

a . The expression "f( )" means "is a function of".
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~-» significant test pefﬁodl ’Enteri'g the actual hiring' profiles -and growth
. . \ . - . q . R

pattern experienced, simulation runs were made which reéulted in the comparison . e}
~ Y N .

" graphs shown in Figure 4.+ The walidation tests were also done separately on

Mo . ¥ .
. the clinical and the non-clinical deggitment 1 groups to. assure/max1mum L e
%0 . .

precision; and to eliminate ‘the possibllity of o} / g errors. The-

variatbons from actual occurrénce are well within th¢ calculated 95% confidence

3

’f g":l d : » T 4 . cwm
intevals. Lo < - C .

‘ N ¥
. { > ﬁ\'-" \ .
\ P . ’ .
.Applicationg/Tonclusigns N . M
B ) 4- . ‘\".
TPPS-Can pe used"to simulate the effects a qariety of institutional / ~

pdlicies or eﬁterna} influences have both on faculty size-anﬁ‘diétribution

and on féculty salapy expense over a period of yearsﬁ‘\Each, or any combination

’q

4

of data jinput fo ,suand model vt?fi es gan be. altered in response to a proposed
policy change. The user can the run the model under various

'scenarios

(i.e. no growth, high growth, high inflation rates,vetc ) to determine ‘the

future impact of the proposed policies on faculty distribution and\salgries
at his institution. . How will a change in pre-tenure period or a_change in

. ; \ _ ‘ e
tenure granting policies affect the future dollars committed to tenured. faculty?

How will a sudden growth in clinical faculty affect the overall institutional

) / . ’ <ty =

'faeulty distribution? How muech income from which sources will be reqﬁf?ed to

1

’ ' v L | ‘
support that growth? Examples of okher policies which JPPS-is designed to
address, include: (1) varying hiriég mixes, (2) vaéging\degrees of stringency
or leniepcy in the’awarding of tenure or promotion, (3) varyigg replacemerit

L. = \
and/or uction policies, {(4) varying'sources of faculgy salary support, 3
i . o

N

(5) the introduction of new faculty appointment or coniiectual arrangements
R e \

(6) varying retjrement ages. \
- . A}

! It is A comfonly reported phenomenonwthat,many supplementary benﬁtits

0 Pl 4

accrue from a model implementation project to both the staff ifivolved and‘to

>

Q . ' . '-19 | . : | .
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) 1

‘the apétitution which were not”p;rt of the original project objectives,and

were not anticipated. TE}S project was no exception. The primary unforeseen
, - -

benefit'th§t accrued to the staff .at CyRU was a phenomenally shérpened perspec-
tive about the utility for analyéis‘gurposes of the existing faculty informatiop

@ ‘systems'iﬁ the Medical School.\ It was much more difficult to extract relevant j )
) , : Oy . R N
data‘ and the number and variety of sources that had to be unearfhed and tapped
.o 84

™~

, were’huch greater than was originally anticipated. Althodgh a project to

;%yise and ;mpigfe the faculty roster system at the School had been on the
T - .
staff's agenda of useful projects for some time, it has been moved to first

y
<

‘priority. 5
The project to develéé, implement, and report on TPPS requirea about - ¢
v . | . . .
16 man?mo of effort at CWRU, over an elapsed time of 13 calendar months.

. W/ K ST . — ?
It is the \puthors' estimate tRat it would take about three ma?:Tonths of
professional‘effort on the a&erage to fully implementqfhe model at another: ?
institution. ’ : ! !

Acknowledgments ' Jm‘ Y A ,
. Yy b 4 o
1 \ \ D

“ ‘ ™
The authors are pleased to acknowledge the considerable contributions of

— )

their cofféagues, Ms. Carleen Carver and Dr. Suzanne Polmar, toward the success-

-

ful completion of this effort. The project was conducted unfler subcontract

from the Association of Americal Medical Colleges and funded in part by the

t
National LiBtrary of Medicine. : 0 i
~ . I3 -
k) \
\ | | T l
. & . ) |
. ' \ -~ "\ \-/ \>
vl -
- \
N -




“f u k T ": .
' Faculty Flow 18

e ~ < . . ’ ‘ } 4 -
\ - . ' . ‘
- < 7[ .

N\ . P ) %; g - RN
.- . REFERENCES J '
i : J '
, \ . ..
Bloomfigld, S. A co tted resources approach to faculty staffing policies.
A PP ‘ g

. M .o .
KN " Proceedings of th@ 15th Annual Forum, = Association for.gnstitutional Rgéfarch,
L3 ] . : ) " . « { ‘\(}.
1975, 69-72. \ ( , ' T e
1 ' ~

¢ } o ' . 1
B u . ‘ . P
Bolte, J., Thomas, M., & Coleman, D. An analysis of philosophies concerning .
.}“ ) ) ’ . . -
faculty promotion and related” implications for the -institution. Proceedings
: - b .

of the 16th Annual Forum, *Assocfation for Institug}onal Research, 1976, .

+ 205-212.

]
, -

Freeman, T.,‘ & Rossmeier, J. YAl new look at tenure. Proceedings of the 13th

3 1

. Annual Forum, . Assoeiation for Institutional Research, 1973, 128-136.

\\ N )

Goveia, J. (Tenure a%igpromotion: a comparative simglation. Proceedings of
bl

e
the 1592 Annual For®m

Association for Injtitutional Red®arch, 1975, 87-89.

. >
’ ]
4

Hammersley, J., & Handscomb! D. Monte Carlo Mgthods. London: Methuen . and Co.,
Ltd., 1964. ‘_’__,,//fj//

Hopkins, D. Analygls ¢f faculty appointmen?} promotion, and retirement @

. b} e -
policies. Higher Education, 1974, Vol. 3, 397-418.

~ C

!
N

Linnell, R. Faculty planning ~ the USC computer sgulation model. Journal of ~

Association of Governing Boards of Universities and Colleges, quember/

'December'l976. ! ' '




N

Faculty Flow 19
.- -/ { '

» .

. ) , b
Mﬁieughlin, G., Montgomery, J., & Smith A PrOJecting the consequences of ﬂ>
. . .

. 3\
tenure awards. Paper presented at the 16th Annual Forum of tk, Assoc1ation

for InstitutionaL Research, Los Angeles, May 1976. ///NK\
- .
. l N . L

Naylor, T., Balintfy, J., Burdick, D: & Chu, K: xCQ;puter Simulation Technlques

'

New York:g John Wilgy and Sons, Ing., 1966. “\*
Nicelf, H., JF@ \X salary solvency mode%. Paper presented at the %975 CAUS

Natienalvgenference, Denver, December 1975.

* Rowe, S., Wagner, W., &’Weafhersby, G. A contfel theory solution to optimal

a

. Iy o i | p
faculty stafﬁing. Paper P-11, Ford Foundation Prograﬂ for Research in 4\\{~;§9

University Administration, University of California, November, 1970.
_ _ J

<

Spellman, M., & Meiklejbhn, G. Faculty tenure in American medical schools.

’ 7 N 2 .
Journal of Medical Education, ‘August 1977, Vol. 52, No. 8, 623-632.

N

[




