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,... Abstract
4 :

a

The familiar instructional productivity relationship, PR.= TA x CS,""

'involves Imeasures of amount of'indtruction, S, number of classes, C, and

'40. 2
'..

number of faculty, F. These measures' are used to express productivity,
.

PR.= S/F, average teaching ;odd, TL = C/F, and average class Size! ,Ct'= S/...

This paper extends the basic formula to recognize differing types of instruc7

tion,, e.g.,:inidividual instruction, and provides general specifications .for

the many. alternate measures of S, C, and F which may be utilized in the

instructional productivity analysis. The specifications and alternatives

should Assist analysts in designing analyses and in assisting consumers-of

the analyses in.achieving. the purposes for which the analyses are carried

out.
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SPECIFICATIONS FOR THE INSTRUCTIONAL PRODUCTIVITY - .

TEACHING LOAD - CLAS SIZE FORMULA

The relationships among,class size, teaching' load, instructional)pro-
/

duOtiVity, and unit costs in higher education are well known. Fifty years

.1"-!

ago, Reeves and Russell (1929) noted that high unit costs may result from

,high faculty salaries, low teachinglloads, and small classes. Certainly this

wasnot a startling revetatioleven then. About twenty-five years ago-empirical
.

relationships among the several variables were examined,in The'CaliiKnia and

Western Conference Cost and Statistical Study. The reciprocal relationship

°

_between teaching - salary (unit) costs and weekly student-class-hours per;

full-time-equivalent teaching-staff member was specifically identified (California\

.-

and Westetn Conference, 1956).

Algebraic statements of
the

relationships have also been given-in, varying

purposes. Gulko (1972) provided fundamental teaching
contexts and for Varyin

_..9ad, and class size a ebra as a bacwis for discussing the student- faculty

rit EleMents of the algebra are incorporated in the Resource Requ ements

Prediction,Model (Clarkt Huff4 Haighy/f a Collard, 1973). rhaps t e most

tom nsiire treatment of.the instructional productivity a(3v bra ig incorp-o-

ra the Sheehan and Gulko (1976) presentation of the instructional cost

.i
,--2

ip,

.index.
%

1

filk The pukos)s o is paper are (1) to e*Iend the basid instructional:

productivity formula% includg.reAgnition of different types of instruction,

4.!Ac ..
.,-

(2) tolhdicate that. the formula may be applied a any level of organiiatiogal.

,

1

or poral aggregation, i3)
i
to DOszify alternate measures.of facAilty-count ,

ti -

data .usg
Y.

on
.

farmild, (4r to specify how t
.

he ourse data o formula ,...., i

may be ciediti7.4urrcoUrse, .cr\tection MeasUres, (5)I to suggest.
-

factor .0

' g "
'''

, 0°

..

and options ,for 6onsidextion. n developing the course measures of e formul

//



,

.and 16) to suggest additional extensions: and applications of the resulting

.algebra. . The principal contribution of the

entirely new insights and Information, but rather

of topic in a single place.

The Basic Form/la

paper is not expected to be

the comprehensive treatment

The basic and familiar instructional productivity formula is written as

PR = TL x CS

where PR is the index of productivity, TL is.'theindex reflecting teaching

load, and CS is the class size index. The values of the three terms are

defined to be

Ore S, F, and C are

rovidedlised uponZnumbersoof

4
counts or

(1)

PR = S/F,

TL = C/F, and

CS = S/C,

aggregates refleCting amount of instruction

stude'ts, S, number of faculty, F, and number

classeAaught, C. Generally,

it is ixportant

of course, each,of the three:terms is an

to recognize this, but the !"71 is omitted from
i

'descriptors for the sake of simplicity.

It-should be noted that A beginning with the baiic.productivity formula,

the paper

algebra.

hot(explicitly recognize the unit cost im lications of the
;

dealt With here:,maybe viewedRather, what

which underlie unit cost figtre
:014

. It ca be argued thatkKt is max,e_important

e entral factors

for many purposes to develop and understand indices of-thete.ulerlying

variables than it lis%to calculate unfit, costs 1see Adaits, Hankins, and Schroeder,

1978, p. 126). The extension of the, points of this paper to forOulas for unit

,costs should e straightforward.

Aggregation Levels
Q.

!

The basic formula (1) may be applied-to an individual membei.ofthe
I ,

'
-

i



.1;

4
Zn.

faculty, to all aculty of a department, to a school, college, or division, to

a campus or institu on, .and to even'higherlevels,of aggregation. Similarly,

the formula may be used o describe attributes of instructional productiVity

'
for an academic term, an a demic'year, or a fiscal year. :Thvonly require-

ment is that the .course date, S a d'C, appropriately match the faculty measure,

F, in'the,aPplication. This feature. Of the basic formula is noted'by the

addition of a -superscript a, to the symbols of the. algebia;

,a, ca, ma, 7,La,,
and CS

a,

The superscript may be reap as a variable which has vaiu'es tins the

several PoSsible levelg of'aggregation, organiigional and temporal. 'Similar-

lye the presenceof the superscript in the-symbolism should serve

,

reminder to define; i.aulconsistehtly the .1 velor leve

indices are being calculated.

A

-Matching Course and Faculty Data

s at which

-If -productivity, teaching load; and Class size measure's for find ual

f ulty members or or special categories of facultyl e.g., categories define

b. cademic ranks, are. desired, the curse data aggregates dust b, developed

from/records of the specific teaching assignmentsrof faculty members.
-t

4, .

Generally this matching requiremen't is easily achieved. ,,,,,A difficulty.arises
_t

Sa

m
t-

u

when-two or' more faculty .members perhaps (gith graduateNachihg assistants,
- . .

share the.responsibility of or assignment to a single course section.

such cases it is essaty td allocate the course measures, Sand.C,. which

derive froit the s' tion ng the responsible instructors. The concept,of

"proPortion of-share resppnsibility" is suggested aga basis for the required

allocations.
4" 4,

Tf ptoductivity indices for adepartment or higher levels of aggregation,

ly, are desired,. then normillY( it will 1* poss e to avoid associ ting



course data with individual instructors. The required. matching is achieved

A
by independently aggregating the course and faculty data to obtain totals for

the depa tment. The assumption is that the faculty appointedto'a department

/ 4

teach o ly the courses of the gepartment and that,no other persons participate

in the teaching of these courses. Adjustments to the depareental totals
i

9
in
!'

may be made on the basis of the individual cases which this assumption i's.

*4,

0.olated. Specifically, the course-data or the faculty data may be "moved"'
,-

in order to achieve the desired match,' Depending upon the, ultimate use to

be made of the data and the degree to which it it known the assumption is

violated,,the "benefits" of making such-adjustments to the dat>-ma'y not justi4,

2
the:"costs" of making them.'

Definition of Faculty
o "

4

The faculty-count measure, F, may be defined in more than .one way. 'For

4
non-c7plex colleges F may be a headcobnt/of faculty, perhaps modified only

by adjustments for part -t % culty. For complex universities where split.

appointments (abound ,and) are Cued to recognize the assignment of faculty to

. '

differing types of Activities:F may be defined as the number of full-time- .

equivalent (fte)

and related act

preferred source

not suffrcient

to be used as a so

:-,-
lty.appointments or assigInents to engage in instruction

1r
he institution's up:-to-date budget is general.lyLis

r such e countt . The argument
. 4

tht.the budget does

flect the actual assignments or activities of the faculty'

rce/ for teaching load data raises questions about the

ntegrity of the budget and of :the use°.of il from it for any other purpose.)

A

D enitions of F as headcount or budgeted fte lead to productivity and

teaching oad measures in-which instruction and instruction-related activities

are included. As a third alternative F may be deined as t fte assigned
,

. .

,

-crifte of activity devo ted to'instruction an d determined from-a faculty



(

assig9ment,or, activity analysis instrument. The intent.9f-definitions of
,

thi/ type is to avoid charging departmental research, committee work and the

P -
lie' to theproduction of "direct" instruction. (The alternativkof defining

F n'tefrms of a stan d teaching loadire.g.., twelVe

one fte, intentionally not described, because,.suchse

the basi

Ts a

din

oductivity formula:1:

cunt for the. options:in defining F the superscr pt, idadded to.
/ -

class hours equals
. ,

ormulation.contamin&tes

e syMb6lism which becomes

ad a
F , S

a,

Faculty

,f The

a ad) a
P TL , and CS

a
.

4 .

!fr
rOductivi formula may be app ied to sub s or ind* idual categories

49
of the fac lty'of-a d gartment,or an institu4c5n. es ca be culated. V fc-

ll
for the individual academic ranks';'for men a or women; for.tenured4 ntenured-1

7

on.track, and for untenured-noton track faculty; for groups defined by age;

d so forth. To account for this pOssIbilitY.,,a superscript, f, is-added to

e affected symbols. One value of f might, of course, be "all". The
-t

ymbolism now becomes 4;

padf, ta, d ;Ladf,
and CS .6 (4)

.

. .

b It should be not that the supersc pt for faculty category
I
is added

A ,

Only to those terms directlydaffected. It could have been added to tKe coirse-

d
dataiterms, plImMlie the requirement that faculty and course data m h will ,\

el-

cause these erms to be fdnctio4 of the selected faculty category.

B.isis of Cou se data Measurement

1 As Sheehan and GulkO (1976, p. 65) poin out,the course data of the

. rductivity formula may be measured. on the bas of credits, hours, or courses.

To this list may-be addd the section as a basis for developing measures of
.101,

. S and C. Normally the same measOieme sis will be used for, both variables

in a qingle analysis. The bases o easurement can, however, be combined



by deriving ratios. of Mgasues from
% '

diffe ing'bases a.For exalnPle, n estimate
ii. .

' "'s . .

'of.0 bas4.0'on:credits may be taken/as k x C
11

e e.Cti.is the hour-based

'measure and k is a, eviously determined ratio etween the credit-based and
.04 ..

8
o.

hour -based me1sure.-
Mb

Thegeneral nature,of the measureS'of S and C derived Or1 ead of the four

A

bases ma be desdrib d as follows.5
....

Cre it'Basis.' gregates of S are student'di'ed ly called

student deredit hour and C is an aggr ate of section credits Secti n,2

.

credits are measure at the lev4i of indivihual course, ction w re
..e 1

-the'Y.may be defined to the number of academic credit6 a student earns by
...

.' .

. N,......

enrolling in.4and passing) the SectiOn. Autse schedule and registration

rds no orally do nOt ildlude'section CKed't values, for theseciiiit"--.
..-.

.

I

courses taught by means of different sect types, e.g Ap a lecture section

and seyerallaboiTtory sections. Algorithms for calculati
r

values such instances,that is, for allocating the se credit value

section credit

7_

among the two or moripsection types, can .be.spets

course credit value and section weekly meetindhours.

on the basis of the

Student credits, .5,' at the section level is the roduct of s ction

`1;credits ancfsedtion eppollment.. At the course

the.courge credit value and the (unduplicated)

is the product of

14)

oP.stud ts enro;lecl'

in the course' or simply the aggregate number of 4edits for which bh

in the course are. enr011ed.

should be noted that this

possible detail. The treatments to be accorded

exposition does
A
not provide specifipaions

,rt

#

"zero - credit!' courses

4 .

variable-credie-coUrses an4the specification.of what constit tes a ,

- 4
or example, are left asexercides 'Mr the user.)

our Basis. Aggregates of S are (weekly) student hours,

o r

often p (erred



J,to -as student class hours student contact hours, and C is expressed in N)

O

(weekly) section hours, which may be called faculty (class or contact) hours.

The section hours, C, bf an organized class section is the number c&
.-

,

hours per week- section'iS scheduled ,to Meet. Class ,Meeting days and begin
'

and end times. are often converted to secteom.hours using rules (suchaa4ifty

/
minutes equals one sec on hour),Which force section hours to be t4e-saMe as

credit values when this is the ntendp relationship. Special rules may need/

to be developed for "sections" other t an those tailght as organized-classes.
)

The variable of type of instruction is d below.
11110,'.c- ,

i %,11

.

.

The student hours, ameasure. is defin" in 'fas.Webn-aral el to the
..,

p

//
.

, .
:

definition of student credits. In general, it is a product ofa section

(or course) hour measure and the correspondingnamber of students.

,

Course Basis. Aggregates of S are course enr011ment telPts and C

the number of different courses taught.

SectiociBasis. Aggregatds of S re section enrollment counts and C

the number of differpnt sections taught-. Nqtpat_in the-lecture-labor

course the section-based value.of S exceeds the course-based value, becau

. ttudeznts are doubl

To account

counted the former, but- no in-the latter.
.

or thegiptioris in the meaSuremen course data a subscript,

is added to the symbolism of.the basicforiula. The symbols now becoMe

adf a a Adf. adf a
0. W

F S ,*
b b

PR ; and CS .

It should btpoted that°the course -b sed teaching load, TI,, intlex has

(5)

a diffe&ent meaning.from the:indices based upon credit, hour, --iec ion
i \

'measures which have in common the section as the basic unit of analysis.
'

.rkite
,Type of Instructiffli (or Section)

To this poin4 the options specified ibr the asic instructional prod
cs

tivity formik1 hive been most clearly applicable to instruction provided in

tt

\ I

s as



/

, .

organized classes. The inclusion of dTi. for 4nd is al instruction

"sectione" in the-basic formula detracts from 'the meaningfulness and inter-1

.."")" pretability of the teaching load and class size indices' which ,are prOduced%

J

This difficulty is removed by ex andihg the basic formula in a way which

re ognizes different types of-instruction. The subsc5eiTlt, isused.
0.

value of t is assigned to.each seption and indicates the instructional method

.
.

(intended to be)used fOr.the Section. As described here, type of instructign

is an attribute of a section; that a largi-class is ailed a "lecture" section

belt seldom, expefences a lecture doew,nOt alter the designation.'
A

In the simplest case,i has two valuevorganiZed class and individual

instruction, rn the general case, t has several ,;,,Talues'for organiZed,lasses,

e.g., ldbture, discussion, seminarAnd4laborator, and several for individual
t

instruction, er.,g., individual lesson, field/cAni al, independent study, and.
research.

The basic formula is expanded to account for type of instruction as

A 4
follows. First, the course data measUresare 'disag9 ated by type- of

instructio'i,

C = C and. S = E s
4 t t

Then, the original productivity index .mai be expressed as a sum of the indices

for the several; types "of instruction,

PR fr 1:
t

(S /F).
)

the'teachin load index-may be expressed as a sum,

4 11TL = E. L
t
= X(C

t
/F). I

Finally, the class si index is stated for achinstruction type

cs = S /C
t t. t'

There arealtwo characteristics of this expa sion that bear noting.

First, the productivity and teachin load indice for single types of instruc

Lion cavot be interpreted in i lation.. Each is a ratio of S, or C) for one
.



....,

- 4

.type. Of instructiOni.t9 the total fadulty, F. (The next step in expansion
.1 . .

. ,

kWould'recogniza..that F may be defined.and Measured for each type of instruc- .

txon and in i!traceice,, as s done. Some `analysts would argue,thit'the disag.
.

, 4, ...,. ,

greqh.tidn beF learls,to.,O.ndicas"which are difficdfi, at beet, to relate to
.-.., f . ,

, ... . ." _.

the reality of:-Oroviding instruction to studentff.i

'11

Second, cor4arisons-of'TL; ,CS, and to some degreePR,indices fO'-diffsent,

types of instruction gen rally should not be attempted. They are calculated

because their values are expected to differ. In particular,Lthe_weasure of

C for -one type of instruction may not be very comparable with that for another.

As a matter of fact, in some applicatiops C for individual instructibn types

may not be defined and TL and CS'calculated for organized classes only.

k, he addition of the subscript, t, for type of instruction to the basic

symbolism produces
adf, a a adf adf a

F , bSt, bCt, bPRt bTLt , and bCSt. (6)

Responsible Faculty
f .

Some purposes may be served by relating one category of faculty, e.g.,

those with instructor to professor ranks, to S and C for all of the courses

at a given letrel! of aggregation, e.g., a department. For other purposes,

*
interest may focus on the relationship of a category of faculty to S and C

for 116 course sectibns the members of the category actually teach or for

which they are responsible.. Thus, a subscript, r, indicating faculty category

as an attribute of the course data is introduced and the symbolism becom
4

a a adf 'adf a
F
adf

bStr' bCtr' bPRtr
bTLtr, , and bCStr. (7)

The.develoOment of course data ii-which faculty category.is recognized

requires that the teaching assignments of individual faculty members IpeknoWn

and, unless the responsible faculty are'in the-same category, that cases -of

shared responsibilities be resolved. Note that superscript f and subscript

. 13



12 .

both designate faculty category. One, f, identifiest49, category of faculty

included in F7and'iileeotber, r, identifies the category bf faulty responsible

,

. fox teach" the sections which produce S and.C.kThe values of t and r may

be the same,tTf may be differentiated' and ignored, i.e., have the value "all",.
.1\

but it would be unusual for.r V) be differentiated and f ignored.
. ,

2Course Leve
#

,

"N

co

\
1. g ion.that S and C may beaggregated by course level is provided

by the introduction of a subscript, c,to represept the course -level variable.

Course, level analysis is common and generally straightforward. With this

t

additton the symbolism becomes

.

F
adf

, S
a

,

adf
,CA PR TL

adf
and

trCS.

a
. (8)b trc -b tre b tfc- b trc' c

Student Level

Although note as straightforward as aggregation by cours level, S and C

may be aggregated by student level. .Tor some purposes student vel, rather

than course level, defines ,the appropriate basis for analysis. Values of S

stated by student level by aggregating for each level over sections or courses,

are familiar and meaningful. Valuesof C agltegated by:student level may be

less familiar and have meanings which are less obvious.

The value of C for a section (or course y be disaggregated to student

levels by calculating p x C for each student level, where p is the proportion

of S for the section (or course) which is counted for the student level. The

student level values of C for sectio (or courses) may then be summed to the

desired level of. aggregation:

The interpretation,of PR, TL, and CS indices calculated from measures of

S and C for student levels is not identical to the interpretation of correspond-
.,

ing course level indices. For example, the average class size for freshman and

sophomore studenti represents the (weighted) average, size of the classes in

r4.



13.

w)ich freshman and sophomore students are eaN011ed..

1 t 1
As developed-here the symbOlism oethe instructional productivity foriula :'

.

k

is completed by the addition of a subscript, s, ,indicatlIng student level. The

. 1-final product is

adf a a
RPadf adf // a
,-

F S , C and
b
CS

trcs
. (9)

tr' b cs- b trcs b trcs' b trcs'

Summary.

This paper has suggested specifications for the basic instructional

productivity,,teaching load, and class size/formula. Eight specific consid-
1

erations or options in the application ofithe formula have been suggested

S
and some remarks on the incorporation of the options in applications of the

formula have been offered.

. The paper is not intended twie compl4e in terms of variants of the

data that might be used in the basic measures and the nature of the indices

that can be produced. Other analysts, if. not ultimate consumers of the data,

can certainly - describe additional "cuts" of the data which will be meaningful

and useful: However, what has been included should be sufficient to indicate

that (a) the calculation and subsequent interpretation of, say, a ratio of

'student credit hours to full-time-equivalent.faculty is not as straightforward

as on the surface it, may,appear, and lb) the basic produc(lity formula,

!PR =-TL x.CS, is a flexible toolCwhich enables quantitative descriptions

of central variables of instruction along a variety of dimensions and from

a variety of perspectives.

As demonstrated elsewhere (e.g., Gulko, 1972; Sheehan and Gulko, 1976)
4

the algebra of the basic productiety formula may be extended to incorporate
c

such constructs as the full-tie-equivalent student, average student load, -

student-faculty ratio, and unit cost. Some or all of the variables considered

in the paper are relevant to each of the additional constructs and their

quantification. The natural algebraic relationships am0ng the several

5
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descriptors of the instructional program provide an orderliness which is a

powerful aid in interpreting the quantitatii4 data and using them to under-
4

stand the operations of the programs.
, a. , .

:

The paper contains no suggestions regarding how or for what purposes,
',.

,

if at all, specific analyses of the types described might or should be carried

out. The argument that quantitative analyses of academic variables are

incapable of revealing academic reality and that such analyses lead to lore

harm than improvement in the academic enterprise has been avoided. The

questAion of the applicability of the term productivAty to academic affairs

has been ignored. The premises of the.paper.are that such analyses have

been caAled out for years and will continue to be done in the'fbreseeable

future and that the achievement of purposes Statd for them can only be-

enhanced by better understandings of the measures and ces used.

The principal product the paper is implied by superscripts and

subscripts of the basic measures and ,indices of exprssion (9). To summarize,

in this expression

a specifies the organizational and temporal level of aggregation,

d indicates the definition or type of faculty count,

f denotes the category of faculty included,

b indicates the basis of course data measurement,

t indicates type of instruction,

specifies le category of%faculty responsible for the courses

included, .

c denotes course level, and

s denotes student level..

These are variables Which can or should be considered and specified'as

the basis for an instructional productivity or related analysis and which by

their specification can increase the likelihood that the analysis will serve

the purposes for which it is undertaken.,
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