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R - ESTIMATING
UNDERGRADUATE STUDENT CAPACITY -
' FOR'AN ENGINEERING DEPARTMENT ;

T.W.F. Russell B
R. L. Daugherty ’

. - . ’ . . A. F. Graziano

University of Delaware . .

v * INTRODUCTION
‘ For severa] years academic institutions have experienced budget-
ary constraints that require mobe thorough analyses of their programs.
Most institutions have data collection procesSes that include the
determination of faculty workfoad, course and department student enroll-
ment, class size, etc.; but 1ittle has been done to determine capac1ty
from this data. To make the necessapy decisions resuﬁt1nq from budget
constraints, admihistrators need to bgtter understand the requ1rements
and objectives of the academic programs. Forthermore, there is a need .
to account for differences in disciplinary characteristics which must
be a part of any evaluation process.

The purpose of the present.pdper is to set forth a procedureglhat
determines undergraduate student capacity for an existing or contem-~
plated engzpeering department. The procedure agccounts for overall
departmental obJectives before examining the other factors which affect
the department's ability to adequately service its undergraduate
students. Although undergraduate student capacity is a necessary

.Y final result of the analysis, an understanding of the factors affect-
1ng this number is also important and the procedure can be ysed to ,
determ1ne the consequences of: - . -

" 1i) changes in the way the faculty divides its time *
. between teaching, resedrch and serv1ce
(ii) changes in class size . )
D (iii) changes in supporting staff ~ ) . .

(iv) changes in funding for supplies and equipment
(v) changes in-facilities

v/

Nhen app11ed to an existing situation the method identifies
problem areas and potent1a1 problem areas. The typical response to a
university budget crisis is a "temporary" campus-wide reduction or

" veallocation of spec1f1c funds deemedf;o be least crjtical to the <
institution taken as a whole. Very often these decisions prove to be
unworkable or at the very least inconvenient for an individual
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department. The procedure” advanced in this paper provides an easily
. applied methodology to compare possip]e alternatives jn the deployment

. of resources as well as to eliminate from consideration those changes
which are not acceptable. The method can also provide to internal and
external évaluation and review committees a basis upon which judgements
can be made. ECPA accreditation review teams are presently provided
with ghesnecessary data to complete the'proposed analysis. Using it
should give the evaluation committee a better undergtanding of the
strengths and weaknesses of the department under review.

Any method used to estimate student capacity must provide for
certain value judgements. These judgements must be based on averages
for the department as a whole to eliminate the wide variety of roles
played by individual faculty members. Those judgements concerning the -
faculty and their overall workload as a whole are the most impertant;
and it is impreative that department and college attitudes and policies
be incorporated into the calculation. The analysis allows for this by
providing guidelines for the quantification of faculty effort based on
~ cormonly aceepted broad definitions of faculty activities.. Starting
. with this initial step the maximum number of undergraduate student

spaces that can be handled by the department is cdlculated fora set

of stated conditions. Modification of the maximum student spé?és‘aue

to inadequate instructional laboratory space, staff support, and/or .

funding is the second step of the procedure. The value judgements

associated with the stand used to calculate these inadequacies

can be based either on pfevigus Studies of engineering curricula [1,

2,3,4,5) or modified vafues khat are appropriate for tfie given depart-

ment. In this paper thé-stindards, as well as ranges for some of
them, are explicitly.stated Xor each inadequacy .so that the procedure
can be easily modified. ¢ )

L -

k]

DETERMINATION OF FACULTY COURSE CAPACITY FACTOR

By far the most important component of any method of deteérmining
a department's undergraduate student capacity is the faculty's capabil- |
ity for effectively teaching studénts. This key parameter is.included
in the analysis as a faculty course capacity factor which can be
estimated by persons knowledgeable about the faculty's activities.

«. There are basicatly five major activities to which faculty devote’
their time:
(1) teadhing: .. - ’
) courshand curriculum;developméht .
. (3) resear 7

) professional service

) institutional service .

, Consulting activity, although important in judging the quality of the
department's program, is considered to be a private professional ac-
tivity pursued by the faculty on their own time. Each of the last
four activitiés listed above can be quantified for a department con-

.sidered as a-whole «and -Tables I to IV provide the means to do this for

-
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' an engineering department. Since the procedure is designed for a ;
department with an undergraduate program, Tables I-to IV dre defined to -

I

asgsure that, on the average, at least 30% of the faculty's time is de-

*voted to teaching. Once a rating has been established for each pf the

activities in the tables, the differencé between their sum and 100

" provides a measure of faculty time ajlotted to teaching activities. The

faculty course capacity factor (FCCF) is defined as this differenced
divided by 100; Table V summarizes the calculation. The FQCF is the
fraction of the time the faculty as a whole is able to devote to_both
graduate and undergraduate in-class instruction.

DETERMINATION OF MAXIMUM UNDERGRADUATE . "T
STUDENT_SPACES IN A DEPARTHENT SN

Although undergraduate student capac1ty of a department is the
quantity most college administrators would like to refer to, it is an
i11-definad phrase that has many varied connotations. We have chosen -
to calculate an easx%zsgef1ned quantity: the department capacity of
undergraduate student™Spaces, DSS. This is the number of adequatel

supported .spales available in undergraduate courses® taught by the de-
partment. ,

~
.

Many colleges and universities have data in terms of Student

credit hours taught bythe faculty per academic session. Although this

quant1ty is clesely associgted with the department student spaces, DSS,
it varies greatly between universities because of the number of credits
ass1gned to courses; and, thus, student credit hours is not as useful

a number for comparison purposes .

The first step toward estimating the adequately supported depart-
ment student spaces, DSS, is the maximum number of underéraduate
student sp¥ces avaiTable in a department, MSS! The MSS js a number
dependent only upon faculty availability to teach courses; it ignores-
other resource requ1rements Inadequacies in supporting staff, labora-
tory instructional space, and/or fund1ng for supplies and equipment -

‘ quantities which restrict ,the faculty's ability to devote their time

effectively to teaching - are ca]culated based on the MSS. The depart-
ment undergraduate student space capacity (DSS) is obtained from the

MSS by tak1nq these inadequacies 1nt0/account ) ,
The maximum undergraduate studént capac1ty for a department (MSS)
_depends on:
(a) - the number of full-time equivalent - 1

faculty in the department (FF)
(b) the fraction of faculty time available ’
to teach courses (FCCF)
(c) the administered workload of the
faculty (AWL) .
¢ (d) the fraction of faculty time devoted to
* tdaching graduate courses (GCF)
(e) the number of students that can be effectively taught
“in an engineering class section (SRC) .

A { * 3
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Tables I to A are used to compute the FCCF. The number of full-time °

faculty, FF, must be a knowp for any analysis. FF includes all depart-
ment faculty supported by unrestricted funds ("hard dollars") allocated
by the.college or university to the department. Department, heads and |

others in the department with assigned administrative duties.may be

. ‘counted as fractional positions when calcdlating the FF. If an existing

4

artment is being reviewed, FF is a known; if possible alternatives .
ard under review or an envisioned department .is being evq]uated, FF can
Be a§signed a value. The number of students that can be effectively
taught’ in an engineerjna class, SPC, is a dontroversial quantity. It
is our\stnong contention that a quality program requires this number to
be between 20 and 30, depending to some extent on course level. In,
order zﬁ\calculate the MSS, the administered workload (AWL) is a number
with dimensions of class sections per faqd?ty member and, for many col-
leges and universities, it is the quivalent of about four three-hour
class sectﬁst per faculty member per academic session. ‘

The maxihym uﬁdergraduate studenE,spaces for a department (MSS) “is:

Mss = (FF) \(FCCF) (CWL) (SPC) ¢ (1)

where: ~ \ -

FCCF facu]ty\ébgrse capacity factor already
. determined \(see Table V) .

- FF = number of fa\g-time equivalent faculty
in the department .~

CWL = undergraduate qurse workload, glass -
, sections per facutty member per
academic session )

, CWL = AWL {1-GCF), where

AWL = administered workload, cldss
sections per faculty member
per dession

GCF = fraction ef the AWL which ig

i devoted to teaching graduate
courses ’ :

spc = number, of undergraduate, students that
can be effectively taught in an
epgineering class section

»

4
.The product of CWL and FCCF represents the average
course load of the faculty which many institutions
refer to as accepted practice. -

The MSS is fhe maximum number of undergraduate student spa%es avgil-
able in courses taught by the department. In grder for a department
to meet its minimum requirements, the MSS mist equal or exceed.the

product of the number of undergraddate sections that must be taught
per academic session times the SPC. If this is not true, the funda-

3
.

-




}

. \m

v -
.

<

L ‘. \ . ‘ 3

o
C . , /
2 3,

. mental teach1n§ resolirce (i.é. faculty) is in short supply’and it is not
possib]e for she department to meet jts 1nstruct1ona1 responsibility to
the undergraduate students . . .

.
4

An example of* the calculation bf the MSS and all other pert1nent
.quantities is given Tater in the paper7

~

MODIFICATIONS IN. STUDENT ,SPACES

»
v

If the degartment under reviéw does not have the necessary; support-
ing staff and funding or if the facilities do not meet-mintmum standards,
the maximum student space capacity (MSS) should ba decreased accordingly.

- There are five Factors whith influepce the teaching effectiveness of the
faculty that can be quantitatively evaluated:

) graduate teaching assistants’ - L.t

) instructiona}/laboratory space

) non-academi¢ support’ personnel - . .

capital equipment,expenditures

>

Eqph of these will be ~Jiscusseq separateTy: TﬁeTr—CUﬁB"ﬁed effect Eﬁ
.the department student space capac1ty will be analyzed through an
inferativé scheme. i S

* The first factor, graduate teaching assistants, can be evaluated
stmply by treating this resource S5 a partial extension of the teaching
facuTty. The model provides for certain assufiptions abqut the nature
of the teaching assigned to qraduate teaching assistants and _converts
this directly into student spa-e €juivalents. A Cobb- Doug]as produc-
tion function [6] will be used to relate the loss or gain in student
spaces to the inadequacy or surplus associated with each of the other
four given above. The model assumes that the availability of faculty
time is the single most 1mportant factor in determining the instruction-
al "product," 4.e:, the maximum number of student spaces, MSS. But
support1ng resources are required. -The Cobb-Douglas production func-
tiop gives a guantitative assessment of the relative dependence of” .
faculty time on instructiopal laboratory” space, support personnel, and
expenQ1tures for equ1pment and'expendibles. Let R designaté the ratio
of the available support resources to that required (the standard) for
each of thede. THe ideal production capacity possible with adequate
< personnel and funding 1s's1mp1y the maxijmum number of student spaces,

. MSS. Any deficiency, D, is related to'R ~and MSS through the Cobb-

Doug]as formula: .. .
’ "D _ b .
. m5s ~ = 1-R ]

where b is an empirically assigned number ahd varies between 0.3 and
#.1.0. The relationship for different values of R and b is given in
Fig. 1; larger values-of b ind1cate a more prafound effect of the
.}defwciency on output. ¢ - ,

B S0 . A .

)

approprigtions for expendibles .
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.1. Graduate Teaching Assistants R .,

r .

- Graduate teaching assistants in erigineering departments normally .
' *perform the dual roles of seryicing courses ‘and laboratories while
pursuing the necessary gradua\e course work and thesis research to
- complete their flegree reguirements; This makes it somewhat difficult
,to quantify their duties on the pasis of hours worked per week. We
propose to define a full-time graduate teachjng assistant as one who
devotes approximately 20 hours per week to helping the faculty.jn its
teaehing duties.., Many engipeering departmants may wish to use a dif-
ferent definftion and Eq..(3) .contains a factog, EH, to accomodate this -

difference. - .

For a quality program in engineering it is necessary to provide one
fufl-time graduate teaching assistant for. about every four full-time
" equivalent faculty members and the equation for the'factor R which
compares the actual number o® assistants (GTA) to the full-time faculty

(FF) contains this factor: . -
. - GTA, EH- ‘ .\ .
. R=4 FF 20 . : (3 -
e rereTGTA-= actual number of Graduate teaemimy
. * assistants in department supported . "
. by instructional funds . . . o L
FF = full-time equivalent faculty in
Ao , department -

average number of hours per week <
. each dssistant is expected to
- devote to assisting the faculty
in its teaching activities h -

o=
m
L
"

If If R.is less than unity, faculty must be employed in activities
commonly handled by, raduate’ teaching assistants. In such case$, the
product .of FF/Q and'%l-R) gives the deficiency in the number of assis-
tants. A graduate teachina assistant can be considered to handle the
equivatent of either.a course or a portior of a course per academic
_session; thus, there-is a direct relationship between student spaces
and any deficiency. Multiplying the deficiency in assistants by the
product of, the gvgraqqt$ymber of student spaces in an engineering class
section and the course Toad per gqraduate teaching assistant, ECL, gives
- the deficiency in student spaces due to inadequate graduate teaching |

+ assistant support *(GAD): ° - .
CIfR>1,60=0 . f- 0 e - ,
P - .
Af R < 1, GAD = (FF/4) (1-R) (SPC)-(ECL) "-. - (4)
where: SPC = number of students that can be a7
effectively-taudlit in an engineering ’ B
class section (20 to 30) ) v
, . ECL ='equivalent course load per araduate” : v
. teaching. assistant, a number normally N
between 0.0 and 1.0 .
6 . ' ’
, 12 =
\)‘ M . ‘ - !
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' and the maximum number of student spaces must be modified accordingly . *
+~to obtain MSS,: - ’ . - ~
- . . - N ‘, f ‘\
. WSS, = Mss-.GAD T T, . " S yE)
R * = ’ ~
If R is greater than unity, there is an investment in GFA
, resources which could be transferred to ether supporting resources
which may be in short supply. In this case, the product of FF/4 and
(R-1) gives the surplus, in the number of assistants.: Multiplying thNs
product by the average budget outlay for an assistant (GAB) gives -the
amount of funds wshich can be allocated to other funding deficiencies,
“"GAS: ) ) ' . S
o P . ) . N
IfR<1,GAS = 0 . \
. S If R > 1, GAS = (FF/4) (R-1) "(GAB) - - .
where: GAB = average budget outlay for d—grdduatd teaching
’ assistant, dollars. . T .

2. Instructional Laboratory Space’ .
Each engineering curriculum must include a laboratory portion
which requires adequate space. To determine if present Taboratory
space is sufficient, the space required to handle the maximum student
load, MSS]% needs to be ca]culaged. To perform this qa]cu]atfon, an g

. estimate of the taboratory course load of fhe.department is needed. .
Since courses taken by departmental majors are indicative of the

types of courses offered by a department, the curriculum taken by

such students will be used to estimate ithis load. Let LP be the

ratio of the number of hours,departmen‘fmgjors spend in department
laboratories during their tenure jn the department to the total

number of contact hours these students spend in all department courses.
This latter number is to include both required courses and technical
elective courses taken within the department. For an engineering ,
department, LP is usually between 0.25 and 0.50.

»

Assuming&?hat such space will be occupied 20 hours per week

with 80% station utilization, Bareither and Schillinger (4) have

estimated the net assignable square feet of instructional laboratory .

_space required per weekly student’ hour for many fields of Study.

If the average engineering laboratory session meets three hours per

week, these numbers can be modified to give net assignable square .
. feet per student, DSF. These factors are presented for several

engineering departments in Table VI.

The required instructional laboratory space, in sq. ft., (RLS),

js then: - - ] N
- RLS = (LP) (MsSy) (DSF) (6)
. 4 . IO 5
. - S « . 7
. A 5 o
\) . ) "f'\ 6 ) . : ., [

"EMC ~e o .o , 13 o
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- capacity factor
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s !
Tomparing this .te the present instructional 1aboratory space (PLS),gives

& ratio, RI:

W= S ' , n

#

.

Obviously, if R1 is equal to or greater than unity, there is sufficienf -
instructipnal laboratory space in tge department. If Rl is less than
unity, there is a student space deffciency due to inadequate laboratory
space and MSS] must be modified. For 1nstruct1ona1 laboratory space,

there .is almost a linear re]at1onsh1p between an inadequagy and & loss
of student spaces. Therefore, the Cobp-Douglas function relatin the P,
student space deficiency due to inadequate 1aboratory space (LSD

1fR1 >1,LSD =0 b .
. : 1
v If R1 <1, LSD = MsS, (1-R1 3§ . (8)

where b] is expected to'range bet%een 0.7 and 1.0.

3

a2 . o
3. Non-Academic Personnel in Department . L
E)

Peters (1) has established thé f0110w1ng ratios of full- t1me
equivalent faculty {FF) to the number of full-time equivalent non;
academic personnel (FS) for engineering departments: .

Types: of Teachiqgﬁksad < FF/FS-Ratio. ;
Lower-division undergraduate - -5

. Upper-d1v1s1onagndergraduate 3 k . . ‘
Master's Program .* ' : 1.5 - N N
Doctoral Program <~ 1 ) ! RN

A ratjo of 4:1 is taken as the minimum acceptable standard in an

undergraduate en 1neer1ng department. *Since the faculty course =~ -
?FCCF) is a measure of the instructional activities

of the departmental faculty, four times the FCCF approx1mates the

ratios suggested By Peters. By def1n1ng a ratio R3: -.

R2 = 4 (FCCF) _s_ . c , (9)
F ~
where:
* . * ¢
. FS = full-time equivalent non-academic - 7
personnel supported by instructional
funds allocated by the\college or
=4
, ’ -.‘ 1‘.1 . , ~ Y 13
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- university to heﬂepartment x

an inadequacy in non-academic personnel can be quantified. As before, -
if the ratio is less than unity, a mod1f1cat1on in MSS] must be” made ’

since there are insufficient non- academ1p personnel to provide the \ !
support required by the faculty.- The student space def1c1ency due to -
inadequate non-academic support personnel {DSD) is:

IfR2>1,0D=0 . b ' : :
- by - .
Mss, (1-R2 ) (10)

s o

.. 1f R2 <1, DSD

with b, having a rangé of 0.5 to 1.0. We believe that b, should Be in
the upper range for most engineering departments. -

. If R2 is greater than unity, there is an investmént in non- fg p
“academic personnel which can be reallocated to other support
resources that may be .in short supply. The funds available for :
Fgg]]ocat1on due to an excessive number of non-academic personne]
» 18: . . *

IfRR < 1, FSS = 0 ‘ .
IfR2 > 1, FSS = (R2-1) (& ) (#) (FsB)

where: - FSB = average budgeted salary for a full-time equivalent

. staff position, dollars. ¥

4. Capital Equipment Expenditures e

A

Laboratory equipment is a necessary part of any engineering .
curriculum; Peters (]) and the ECPD (5) have given some indication
of the magnitude of the equipment inventory required for the
undergraduate program of an engineering department. To maintain a
pinimum current, workable laboratory, we estimate an expenditure ,
requirement of approximately $1,000 per year per full-time
equivalent faculty member {based on 1975 dollars). If equipment
is not replaced at this rate, laboratory experiments will become
outdated and there will be an increase in necessary equipment
. maintenance and repair. )

.- Because the purchase.of large pieces of equipment can result

. in uneven®expenditures of funds over the years, the cap1ta1
equipment expenditures for the last five years (EES) is used to

- def1ne the rat1o of the actual expenditures to the minimum standard:

' UF EE5 164
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where: EES = actual capital equipment expenditures fpr the !
: ' last five yea:é purchased from instructional funds

[4

for undergraduate laboratories allocated by the
college or uni&grsity to the department, dollars

CPI = consumer price indeX, CPI = 100 in 1967 and 164
"in 1975 '

An R4 of less than unity indicates that faculty time must be devoted
to servicing laboratory sections to make up for obsolete and

. inadequate equipment. This results in a student space deficiency due
. to inadequate capital equipment expenditure (EED):
IFR3I>1,EED=0 ., N ;
\‘ P . 3 -
( «If R3 <1, EED = MSS] (1-R3 ) (12)

.

- by 15 expected to range between 0.4 and 0.6.

If the ratio R3 is greater than unity, there are funds allocated
to equipmebt purchases that could be reallocated to other support
resources Without decreasing the departmental student space capacity.
The funds available for reallocation due to an excessive appropriation

to equipmept, EES, is: a
1fR3 <1, EES =0 :
If R3 > T$EES = (R3-1) (FF) (1000) (%}) .
e . i
where:. +EES = funds available for reallocation from yearly

" appropriation Yor equipment” averaged over the

last five years, dollaré,

-

5. Appropriations for Expenditures .

.

. For the faculty to effectively devote their time to teaching, suf- _
ficient supplies and expense funds must also be available. Although ’
Peters [1] Ras presented data giving adequate levels for such expendi-
tures in 1967, they do not represent the drastic increases in telephone
and copying expenses that have occurred since then. ECPD [5] published

. some 1975 data for this item which should include these enlarged

. expenditures, Using these data, $1,000 (1975 dollars) per full-time

equivalent.faculty is estimated as a reasonable standard.

To actount for yearly fluctuatiohs in the departmental budget,
this standard is compared with the exjsting yearly expendibles

- -

10
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appropriations averaged over the last two years (YEA); . .

_ YEA 164
. R = 1,000 (FF) TPT , (13)
wheré: YEA = year1y4¥xpend1b1e appropriations (averaged-over the v

last two years) from instructional funds for -the
‘o undergraduate program allocated by thé coalege or
. university to the department, dollars.
If R4 is less than un1ty, a decrease in the max1mum number of student

\\Fpaces results. The student space deficiency due to inadequate
expendibles appropriations (ESD) is:

. IfR4>1,ESD=0 ~
' b

MsS, (1-R4 4 ()

‘If R4 <1, ESD

. As was the case for cap1ta1 equipment expenditures, the defiéiency
and faculty productivity re]at1on§;: not linear and b4'is taken

be between 0.6 and. 0.8 o .
) Again, if R4 is greater than unity, funds can be reallocated
W

ithout decreasing the departmental student space capacity.
The funds$- available for reallocation due to excessive appropr1at1ons

_ to expendibles, ESS, is: ..
If RS <1, £SS = 0 , .
If R4 > 1, ESS = (R&-1) (FF) (1000) (f57)
. . «
where: ESS = funds available for reallocation from yearly -

expendibles appropriation, dollars.

COMBINED EFFECT OF MODIFICATIONS IN
STUDENT SPACES

The combined effect of the inadequacies calculated above is not
the sumation of the independent deficiencies. The total éffect”
is obtained through an iterative process. '

By subtracting the greatest of the four deficiencies LSD, DSD,
EED, and ESD from MSS], a new MSS can be calculated. This

completely eliminates this one” factor's affect on the MSS. The new
MSS obtained is used in reca]cu]at1ng the repaining deficiencies;
and the process is continued until all- four Factors have been-used
to modify MSS. The result is the department undergraduate student .

S 4 n
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space ca6acity (DSS). The DS8 is only an estimate which should be
considereg accurate to within + 10%. The example will help to

‘illustrate theprocedure.

It must be remembered that if R1, R2, R3, and/or R4 are greater
than unity, realloeation of funds from one support resource to another
is possible. Such changes in funding @##fect the department undergraduate

student spaces and should be seriously unvestigated.

DEPARTMENT STUDENT CAPACITY |

To use the départment student space capacitx_(DSS) in
evaluating an existing or envisioned department,”it is necessary to

know:
. 1. the distributidn of student (majors and non-majors) requiring
- ° instruction at each level (freshman, sophomore, junior,
senior). . ~
. 2. the number of required and technical elective courses. to be
taught at each level to each group per academic session
- ¥

Multiplying the appropriate quantities at each level and summing the
results gives the number of department undergraduate student’space

requests (RSS) anticipated for the academic session.

Required courses and technical electjve courses need to be
handled separately in this summation. The student spaces for
required courses are obtained by multiplying the number of courses
at each level by the student population which must take these courses.
For technical elective courses, the summation includes the product
of the number of different sections that may be taught and the SPC.
The number of different technical elective course sections is a
function of both curriculum requirements and the diversity of technical
elective courses to be offered. The technical elective portion
of the RSS must at least equal the number of required technical
elective courses per academic session multiplied by the $tudent
population: taking such courses. The example will help to clarify

the catculation.

1f the requested student spaces, RSS is less than or equal to .
the department student spaces, DSS, the department can manage the
undergraduate course load. If RSS is greater than DSS, the
department is operating at greater than the maximum capacity implying
that the resources of the department are inadequate.

+

EXAMPLE

/ To understand the calculation of the department undergraduate
student space capacity, consider a chemical engineering department
of fifteen (15) full-time equivalent faculty (because of R
administrative duties, the chairperson is included as 0.5 FTE)

P4
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Vel [
with an administered workload of twelve credit hours per semester-ih a
university using the semester System. A normal course, which meets
three hours: per weekw, is assqghed three credit hours. Thus, the .
administered workload (AWL) i fourclass sections per facu]ty member
per academic session. The average number of students capable’of being
taught in any class section (SPC? is assumed to be 25.

Tables I-V are employed to determine that the FCCF for this *
department is d 5 (50% of the faculty's time is devoted to graduate ~ -
and undergraduate in-class instruction). If approximately 25% of the
department facu]ty s time jis devoted to teaching graduate courses L

. (2) gives:

CWL = MWL (1- GCF)

. 4 (1-0.25) = 3.00

The MSS is calculated using Eq. (1): ,
(FF)  (FCCF) (cwﬁ‘)' (SPC)

(15) (0.5) (3.00) (25)

MSS

563 student spaces

f

To calculate the student space deficiencies resulting frém
inadequate instructional laboratory space, support staff, and/or
funding, the department must supply the additional data~11sted in
Table VII. The student space deficiency due to 1nadequate graduate

- assistant support .for such a department is:

£q. (3): R=4 %%ﬁ' %%y‘
: . _a3
g BRI . . _
- 0.80 . ' b
" k. (4): _Fﬂ (1-R) (sPC) (ECL)

(1 0. 80) (25) (1

19 student spaces,

T and, using Eq. (5):

L)

5 MSST = MSS - GAD
a AN =563']9
. = 544 student spaces
5° ,
/ 13
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«The other deficienciés can be calculated using MSS]:

L]

(1) £q. (6) gives the required instructional laboratory space (RLS):
RLS = (LP) (MSS]) (DSF)

— (0140). (543) (30.00) &
2

.
"

_efsza ft.

Eq. (7). gives the ratio of required*1aboratory space to present'
., space (R1): i

_ PLS ; ) : ‘
Rl = s . -
e R] = 5380
R1 = 0.824
and the student space deficiency due to inadequate laboratory space
(LSD) is found using Eq. (8): , .
. ~ ¢ ) -
since Rl <1, ,
b
- _p1 ]
LSD = MSS] (»1 R1 ) JP
1.0 :
LSD = 544 (1-0.824 ) .

v

LSD = 36 student spaces

[

(2) Use of Eq. (9) and (10) gives the defictency due to inadequate
non-academic support personnel: . : ‘

\ R2 = 4 (FCCF) {%
8
© R =1.07 , A

!

Since R2 > 1, DSB = 0; but funds may bé reallocated from this
resource To-one of the other areas. If the average budgeted
amount per staff position is $6,000, the funds available are:

I
Fss = (Re-1) (EB) (rp) (FSB) ‘
= (0.07) (1) () &6,000)
o= 8§30 T s
1w y !
» t < e
1 o
oy
4.0 . ’
7 : ]
& @ i °
* . .3' N
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*(3) Eq. (11) and (12) are used to calculate the student space
deficiency due to inadequate cap1ta1 equipmgnt’ expendi tures:

p3 = EES 164 .
. JFF (5000) CPT .

_ 65,000 164 . _
(15) (5,000) 172 “
= 0.826 ) '
" Since R3 < 1: -
) . by "
S OEED = (MSS) (1-R3 7 _
< (544) (1-.826"7) . S

49 student spaces

) -

(4) To ca]cu]ate the deficiency due to 1nadequate appropriations
for expendib]es" use Eq. (13) and (4)

. Rd . 164 ) b
:  (TO00rFE) GRT
_ 9,000 ¢ 164
q000) (15) T2 T 4 . :
=.0.572
R sl
° Since R4 < 1: : “;’
- b : .
ESD = MSS, (1-Rd 4 .
M X
= (544) (1-.572°7) - ,

) 176 student spaces-
.ghus; ‘the deficiencies are:

2PV _ ) w
%&%duate Teaching Assistants GAD 19.

}nstructiona] Laboratory Space LsD * 96.

& Non-Academic Personnel DSD 0.
Cap1ta] Equ1pment Expenditures EED 49.
* ’ T4
v Appropmatmhs < ESD 176, ..

The largest of the last four is ufed to obtain a new.MSS. For .
this example, ESD is the largest deficiency and is 176 student
“spaces. Subtraéting this deficiency from MSS] gives MSS2
. “
~&

15




2MSS2 = 544 - 176 = 368

[

Réca]gy]ating the‘remaining deficiencies using MSS2 gives

S ~ () DSD’= 0. (obvious, from previous calculations)

. (zy/fi‘n\g; (14) (368) (30) = 4a¥6 "~ & - ‘
w“ R1 >0 : - .
Lsp =0’ - s -
- : by
- (3) EEDw= (MSS,) (1-R3 °) <.
. :' y . “w

' (368) (1-8.26°°)

,33 student spaces

B o
° The iteration process is completed when only deficiency
remains. The department space capacity (DSS) is ob®™ined by
subtracting this remaining deficiency from the last used value of

* MSS; in our example: .
DSS = MSS, - EED = 368 - 33 ~° ' .
~ i N =
; ’ +
DSS = 335 + 34 student spaces
The DSS calculated above must be compared with #hie requested
undergraduate student spaces to complete the departmental
evaluation. For our .example, the.department teaches only courses
taken by ChE Majors (it does.not teach any "service" courses). Within
iy the department there are the-following co%rse and student loads: .
’ - L7 T
. :-:'"__,", * No. of‘p&rses . ' lNo. of studefts
taught By dept. taught by dept.
Fall Seméster ¢ Sprin Semester
No. of |[No. of No. of No. of
{No. of |Elective jReg'd No. of |Elective |[Req'd
eq'd |Course* [Elective|Req'd |[Course :|Elective N
ourses |Sections |{Coyrseg |Courses |Sections {Courses
Freshmen 1 0 0 o > o 0 70
Sophomore 1 9 -~ 0 1 0 [ 60
Junior 2 i} 0 3 1 0 50
vs Senior 2 6 3 1’ 4 3 45
% h -
» ° ”
>
» Ll . P
“ L. ™
]6 3 TN
L
f) ©
a—é? "
- 4 .
v Q ¢ ¢
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Thus,'tpe reque%ted undergraduate,student spacesvper semester are: * .
B (a) Fall Semesfer o "

. . . . - .
For required courses: ‘.

RSS = 1 (70) + 1 {60) + 2 (50) + 2 f}s) = 320"

. v ey 7
For electiye courses: .

RSS = 6 (25):= 150

oft RSS = 3 (45) = 135 L -

. 3

- The total is:

M Y . Y. 4 ~

. "RSS = 320 + 150 = 470 student spaces o . L

-~
' K

(b) Spring Semester -
) For required courses: } S ' ’
LRSS = Q (70) + 1-(60) + 3 (50) + 1 (45) = 225"
e ’ " For elective courses: '
RSS g1 (25) + 4 (25) =125 N -
or: RSS = 3 (45) = 135 ¢
The tota% is: : ' .

-~

. RSS = 255 + 135 = 390 student spaces
The RSS for the department is 470 student spaces. But the department
student space capacity is only 335, Since the maximum student space
capacity is 563, department capacity may be increased to the required
470 student spaces by eliminating one or more deficiencies.

Reallocating funds, such as increasing the expendibles
appropriation (YEA), is one possibility. Another way is to redefine
the” faculty's activities to allocate more time to in-class
instruction. However, this would require a new departmental,
college, "and university attitude toward education and research.

\ .
* CONCLUSIONS ..

A general method has been developed for determining the
number of adequately supported undergraduate student spaces
available in classes taught by an engineering department. The
calculation is sensitive to department and college attitudes
and policies, and yields a result which has the proper
characteristics for the department under study.. The method has '

p L 17
/ v
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. testing of alternatives.

been developed so that the effect of inadequacies of support staff,
funding and/or facilities are readily calculated.\ Thus, decisions
on possible or needed ¢hanges can be more fully based upon facts
rather than intuition., .

" the mathematica] médel developed- in this paper was devised to
describe a most complex situation.” The model is helpful but not in
itself adequate for purposes of analyzing a department's operations.
Teémper the use of this-model with judgment and understand that its
principle contribution can be madé through reiterative use and

3

In developing Eq. (3), (6), (9), (1) and-(]é), the fo]]ow?ng
“standards were useq; C

'S B )
(i) (3) - One graduate teaching ass1stant for
every four facu]ty . . .
(ii) (6) - The- square feet per student requ1red in
- a 1aboratory as given in Table VI.
¢ -
(iii) Eq. (9) - One non-academic person-for every four
faculty. . :

. o . .
(iv) Eg. (11) - Expenditure of $1,000 per faculty .
member per year for laboratory equipment

-

2
i

(v) Eq. "113) - Expenditure of $1,000 per facu]ty v,
' member per year for expend1bles : .

i
- s

Although we feel that these.are reasonab]e standards, they may be
.changed’to fit the particular situation under study.

Ranges for the valnes of the b parametens used in the
inadequacy equations are given in the «paper. The specific*values
used in the example were obtained from University of Delaware

experience and might be expected to approximate situations elsewhere.

-

- _There are essentially two ways of using the model:
(i) using the standards suggested in the paper arfd
‘E, the b valueg listed in the example allows a
comparison of the department with one constructed
‘to meet acceptable standards for engineering
departments

‘o

(ii) modifying the standards and be values to fit a
particular department .These modifications are
made through comparison ‘of the model with

. previo epartment data, resulting in a base case
which can then be used to answer a series of .
“what if" type questions. Such gquestions cou]d
‘ include: .
18 -
N
° 2‘1 -



(a) How many students could be effective]f taught if
the faculty were reduced in number or required to
. increase its research output?

. ~ (b) How_are student spaces affected by incueasing
. appropriations to expendibles and equipment? «

(c) How are student spaces.affected by add1ng GTA
. . pos1t16ns or a secretary? .

. (d), How are student spaces affected by reallocating funds?
It is hoped "that the model. presented will prov#de departments,

colleges, and evaluation teams an add1t1ona) tool for reviewing .

engineering educational programs, and that working with the model

will provide a better understand1ng of the department when developing

reconmendations,
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. TABLE I - -7
MEASURE OF COURSE AND CURRICULUM DEVELOPMENT ACTIVITIES oF .. ,
'I:HE FACULTY -0

. ~ .

- - . MAXIMUM RATING = 20
’ - A} : .
JRATINGT | ¢ . GENERAL DESCRIPTION OF ACTIVITY

is-20 Department must ge very Athczﬂzn text writing,
. new approaches.to®éngineering education,
l ' and/or ,preparation of audio and ‘video material :
. . . which are available on a pdtional level. -
s . s (At least two texts or equivalent,which _are
/n rather widely used on a national level, are

T indicative of such-.activity).. Department
' NE should be able to show how new advances -in~ -
b N ~ /ZL . ' technology are being incorporated\!htq its

graduafﬁ and undergraduate programs.

A départment at this level shoul@ be przducing

- ~ . educatioplal materia} which'is starting to be
TN . S\ used a national level., Encouragemept '
i . the administration must be given to ’
. - text writing, development of new courses and
. . . .. currigylum improvement. ‘Use of this new
RN ' . material both within and outside the depart-~
* * ment should be ewuident. ' .
° 5-10 . Department is active on a local level in .
. .course development but work has not received .
° 7 ‘national acceptance; Such activities include
M new course notes that have been developed,
. - , original homework “problems, new laboratory
‘ gchedgfes, special computer programs, ‘etc. '

1-5 Departmént 'uses refdily available téxts .
produced dutside the department and relies,
on solution manuals prepared by gthers. How-
‘ ever, some effort is being expended td develop
- ° additional problem demonstrations, computer
. . programs and/or new labq;atory~procedures. .
R . .
-~ 0 - Department does little or no original work *
in either course or curriculum development.

. ERIC. | e .

vt rovideavy enic SN . 4 .




EY

“TABLE IT

MEASURE Oé RESEARCH ACTIVITIES OF THE FACULTY

- MAXIMUM RATING = 30 . .
. - o,
» £ '
« ‘RATING ) GENERAL DESCRIPTION OF ACTIVITY
25-30 A department w1th this rating needs to have a well :
. established national reputatlon and be considered as one

. . -of ‘the top ten departments in ‘the country in some

v, national evatuation. ,
- 20-25 Over 50% of the faculty should "be well known and active .

in research on the national level. External funding .

. . needs to be at a high level. Over 50% of the graduate
‘ qtudent support and equipment needs of the department
are supplied by external research funding. The publita-
tions, record must be outstanding and above any national
average:thh respect to quality and impact. The faculty
needs to, be quite active in presenting work at othe:
unxversx;xes, at national meetlng&, and to the industrial
- and government sectors. Such a“department is obviously
° b , staffed by a senior faculty w1£h very few young members.

-
-

i

"10-20 , To’achieve a Latlng in this range the department needs
N ’ ,to have at least 20-40% of its faculty active and
known through its research at a national level. Fund-
. ing’ from’ external sources should provide for 20=-50%
- ' of the grAduate student support i?d equipment needs. ) .
ret ' There needs to be some actjivity Dy most of the faculty
to present their work tof others’. A mears of assuring
° that younger faculty receive students and support to
.« ' start their programs must be evident: It is expected
that” a rating in thls range,, should be achieved by .
nts who are effectlvely building new

¥

0-16 Research effort c&nfined to a few individuals, R .
- there are few publlcations, and external funding is

Lt at a low level. t o
) 2 - - -
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- TABLE III .
MEASURE OF PROFESSIONAL SERVICE ACTIVITIES OF THE FACULTY
' MAXIMUM RATING = 1

. .

-

RATING GéNERAL DESCRIPTION OF ACTIVITY

8-10 The majority of the faculty must be actiye in
profiessional society work by holding .office or
serving on committees at, the national level.

' v The faculty should be actively involved in
local professional societies. .

+5-8 20 to 50% of the faculty should be active at
the national level and other members of the .
, faculty should hold offices and serve on
committees at the local level.

3-5 ° Faculty activity is-mostly at the localflevel.

0-3 Faculty are generally inactive in loc#l and

: national professional societies except to
attend meetings and few if any take responsibility
. 4 for profess$ional activities. ,

¢ TABLE IV ,

MEASURE OF INSTITUTIONAL SERVICE ACTIVITIES OF THE FACUL%W

. . MAXIMUM RATING = 10 -

v Y
RATING GENERAL DéEERIPTION OF ACTIVITY
: \

' A 7-10 . A number of faculty must be very active in

university faculty and ‘engineering college
. . ' committees., Departmental fatulty should
have responsibility.for a-number of key
committees at either the college or university
. level. '

4-7 A numbggﬁof faculty have committee assignments

+ in key®committees in th lége and uni-

. o versity but no one has ponsibility

. for any committeg opera

2-4 Only a few faculty are ac in college and
1.‘ university activities outside the teaching
- ' . -area. t . -

¢ . 0-2 : Paculty makes almoést ng contribution to
- institutional service. .

t L]
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TABLE V <
" CALCULATION OF FACULTY COURSE c;xpé': FACTOR (FCCF) N
. , . . - .
This calculat:.on will give the percentage time that -
an average faculty member can effectively devote to the under-
graduate and graduate in-class instructional progrgm. Note that
the, ratings for the course and curriculum development, research ,
and service activities of the faculty have been chosen so that
the average faculty member devotes a minimum 30% of his time to
the in-class imstructional program.
A} ’ -
(a) Using Table I, quantify faculty's ¢
activities in regard to course and
. curriculum development .
¢ Maximum = 20 )
b) Using Table II, quantify faculty'$
activities in regard to research ' . '
. activities . »
Maximum = 30
(c) Using Table,III, quantify faculty's ) R
. activx:{es in regard.to professional ' >
servic
) Maximum = 10
. (d) Using Table IV, quantify faculty's ' A
actiVities in regard to institutiornal . . i
. service - . H
°  Maximum =10 . ’."
. . . - ;
(e) Total of (a) + (b) + (c) + (d) . /
i Maximum = 70 . ’/
. 14
: (£) Subtract (e) from 100- . . /’
. Maximum = 100° Minimum = 30 K
. - . ——
(g) Divide (f) by 100 = FCCF %
Ll A ' \
g I . = ’ ™ ‘
. , .
E '{i\ . .
) ?

B




. : TABLE VI ‘

Engineering Department Laboratory Space

. * Net Assignable Net Assignable
. Square Feet Square Feet
-~ - . per Weekly ° per Student,
. Student Hour (4) DSF !
Chemical Engineering . = 10.0 - 30.0 :
Heéhanical Engineering 10.0 . ~ 30.0
civil Engineering . 8.13 . 24.39 -

{Engineering mechanics -
laboratories are assumed
to be taught by this ¢
department) . c -

‘l‘v ’

* Electrical Engineering s s.06 . . 12.18
P - . LT 2
- ) 3 v . A -
. 4 TABLE VII .. :
DEPARTMENT INPUT DATA FOR MODIFICATION IN STUDENT SPACES “,
, . USED IN EXAMPLE
-
L3 O
v ) GTA Analysis ’ :
T . Standard Ratio of Faculty/Assistants - 4.0
L Graduate Teaching Assistants GTA 3.0
‘. Average Hours Per Week Per Assistant EH 20.0
. . Equivalent Course Load/Graduate-Student ECL® 1.0
/ \
. K3 ‘l
! * : Instructional Laboratory Space Analysis s °
Laboratory Hours in Curriculum . - 24,
Lecture Hours in Curriculum - 36.
Minimum Standard Lab Sq. Ft. /Student Tab. VI 30.00
. . Instructiondl Laboratory Space, Sq. Ft. PLS 5380
- . Laboratory Space Exponent z Bl 100
o L 4 =
» .
N Non-Academic Personnel Analysis ' .
Standard Ratio of Faculty/Staff -, 4.0
Full-Tine Equivalent Staff . ., FS . 8,0 -
~ Staff Exponent > TN N B2 0.90
4 ‘ -
Capital Equipmgnt Expenditure Analysis
’ Minifum Standayd Annual Capital®Expense - * 1000.
’ Actual S;Year, Capital Expense EES 65000. .
+ Consamer Price Index . CP1 172.
¢ , Capital Expense Exponent B3 0.50
. Expenditures Analysis _ R .
Minimum~Standard for Yearly Exﬁenses ® - 41000, -
A . : Average Yearly Expenses .. YEA 9000. .
. + -~ Yearly Expenses Ekponent ’ * B4 0.70
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FINANCIAL EVALUATION'
. OF EDUCATION PROGRAMS

. v « George DePuy
Ralph Swalm
Evaluation of education can be classified in three broad cateéories.
They are: .

1. .Behayiora] - how well does ithe program in question meet be-
havioral. objectives. .
2. Financial ;> how does” the cost of‘he program compare to that

N of ‘similar- programs.
3. Political - dnterpretation of results to suit parochial

i - interests.

Political evaluation deals with the concept of a‘'politcal over- o
ride® It is widely recognized that this phgn?menon does exist. It -
has been written about‘by Kearney and Huyeser®, Read2, Kerins3,

Carterd, Cohen®, and Houseb, to name a few. .

Behavioral evaluation has been the chief focus of the scholarly
attention given to evaluation of programs up to this tige. Perhaps,
because of its difficulty, the problem of financial evaluation has
been largely ignored to jthe extent that only recent ,references to
its need have begun to appear. For example, Sciven’/ wrote, in 1967,
*The costing of curriculum adoption is a rather poorly, researched
affair,” and little has happened since that would cause him to change
his mind. The only known evaluation model to include financial evg]u-
ation.as a formal step in the evaluation process is that by Provus®.

He .1#sts Stage V, the last stage, of his evaluation mpde] as an evalu-
ation of pragram cost. This is dope by comparing the cost to that

of other programs with the same product. However,, in describing this
phase of the evaluatidn he writes, "Cost benefit analysis is the ulti-
mate rational step in the process of program development and assessment
put forth in the Discrepancy Model. In anticipaion of its eventual
use, the cost-penefit is listed as Stabe V." ,

Provus appears to be saying comparison of program costs is essen< *
tial, but no satisfactory method.of compar#son has yet evolved. We
haveYlearned to identify costs, however. Edward Kelly? has identified
some of the cost variables for alternate ways of 8gaching freshman ,
English at Syracusk University. Phillip Doughty1 has actually iden- . I

tified the costs for four different-methods of instrumentation for

»
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Geology 102 at Florida State University. This has a;]owed the compar1-
son of the methods based on unit costs.

So, we see some progress. We can now compare programs based on
cost. But, in.comparing costs, do we compare development costs, opera-
ting costs, total cost, or unit cost? Financial evaluation answers
these questions but is more than just comparing costs. Financial eval-

‘uation must include benefits, and should include the time value of

money. . %

. "' Financial Evaluation
. ¥ .
Financial evaluation attempts to lump all costs over time into
one representative figure by applying time valu of, .money principles.
Proposals can be compared using the Equivalent n1form Annual Cost,

. Present: Worth, for'Rate of Return on Investment techniques. ' These tech-

“after the f

.

niques can b
jected costs

séd to choose between alternate_programs based on pro-
d benefits, and to some extent;, to eva]uate programs

Difficulties-with Financial Evaluation

There are several difficulties involved in performing the finan-
cial evaluation of evaluation programs. Three major ones are: (a)
lack of a control group, (b) the post-audit dilemma, and (c) the
unknown life of new knowledge.

. In real-life, as opposed to laboratory studies, a control group .
is seldom, if ever, available, and many confounding effects are pre-
sent. The proper research methodology for building a control group is
that of matching subjects to form pairs for latey comparison tends to
create more control problems than it solves.”!l “Kerlinger indicated
"matching has severe limitations. If we try to mafch, say, on more
than two variables, or even more than one, we lose the subject."12
The implication here is-~that contro] groups are not feas1b}e 1n this
type of analysis.

The second difficulty with financial eyaluation-is related to the
first. It is perhaps not generally realized that post-audits can
never yield a defipitive answer to the question "Did we make a good
decision?" There are several reasons for this. The first is because,
in a world of risk - and that's the world we live in - there is a
difference between a good decision and a good outcome. For example,-
it is a good decision to accept-a bet involving a gain of five
dollars if a fair coin is tossed and comes up heads vs. a loss of one
dollar if it shows. tails. Byt it is a bad outcome if tails eventuates!
A. second readon is that we never know what gffects a treatment not -

tried might have had. Since 1t is just as d1ff1cu1t to formulate add- _

itional treatment groups as it i formulate' a control group, com-

parison between treatments is“A0t usually feagible. Despite the fact
that, in the real world, it is almost impassible to answer the ques-

tion "Did we make the best decision?", can certajinly ask "Was the

outcome a good one." Since that is the best that can be hoped for,

[}
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the paper speaks to asmethodology for doing that.

The third difficulty involves the unknown life new knowledge.
Much has been written about the half-life of an engine ¢.. Certainly
different types of knowledge have different lives, but’there does not
seeh to be general agreement on what these lives' are. ..

e\“ *

The remainder of this paper describes three examples of financial
evaluations of education programs. 'lwo hypothetical examples are given.
One uses the-Equivalent Uniform 21 Cost method and the other uses
the Rate of Return on Investment method. The last example™is a case
study evaluating a real-life investment of a substantial sum in a grad-
uate program by a major corporation. .

Equivalent Uniform Annual Cost

~

Consider the following example. Prior jnformation shows there are -
five alternative*methods of instructional development that will accom-
* modate the meeting of behavioral objectives in a particular course.
Method One is a conventional lecture-discussion method with instruc-
tional materials developed by the instructor. Method Two calls for
the instrictor to be temporarily released from some teathing duties
in order to- develagea slide-tape package. -Instructor contact with
individual students during the time the course is offered would be re-
- duced. Method Three calls for an outside consultant to develop course
materials for a lecture-discussion arrangment. Instructor workload
. during the semester would be less them in Method One’ but more than in
Method Two. Method Four calls for an outside consultant to develop a
slide-tape package. This would be siightly more extensive than the"
fnstructér developed-package and, hence, would require less work during
the semester. Methdd Five calls for the purchase of a commercially
- available slide-tape package. This product would be very extensive and
would require the least work, during the semester, for the instructor.
Initial cost of the package i8 relativély high.

Development costs, material costs, hardware costs, wages and bene-
fits, have:rall been identified for each alternative. These have been
totaled and summarized for a ten year life and are shown in"Figure 1.
The costs shown in year zero are development and initial purchase costs.
For the slide-tape methods, new equipment is purchased in year five.

An increasing salary scale has not been used in order to keep the ex-

ample simple. - ,
1f-one were to compare these five methods based on costy what cost

would be correct to use? Comparing development cost shows Method One

to be least expensive. Comparing operating costs shows Method Five to

be best. Total cost also indicates that Method Five is legst costly.

None of these methods are useful as a basis fordgational choice among

the alternatives. » ; )

The value of a fixed amount of money varjes over time. A dollar

today has more value tharithe prospect of obtaining a dollar ten years
from now. Funds occurriqg‘gt different points in time cannot be
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directly compared. One mathod of comparing money-at dijfferent points
in time is the Uniform Equivalent Annual Cost technique (hereafter
called Annual-Cost Comparison). . .

An(égnual Cost Comparison is  often ysed for those prqjgéf;’:n which*

profitsdre usually not incurred but must be dome because they are nec- -
essary. A1l costs are converted to uniform equal annual cost through

the use' of an interest rate. The interest rate used is generally the
minimum attractive rate of return at which the organization can invest
its funds. An interest rate of eight percent is used here for illus-

. trative purposes. s ,
C. : An Annual Cost Comparison for the five methods is shown i Figure
hd 2. This shows that Method Two has the lowest equivalent annyd] cost

. at $1,697 per year. Method Five, which-has the lowest tota cost, turns
out to be only the third most attractive alternative at aq/equiva]ent N
annual cost of $1,766 per year.

- Decisions about which alternative to choose should not be dictated
by this outcome. If behavioralﬁgnd political eval ipns showed all «
five alternatives to be equal, then Method Two would be chosen, based »
on the financial evaluation. If behavioral results showed that a Jec-
ture-discussion format produced a significantly greater.amount of .

. learning, the choice would be reduced to Methods One and Three. Metdiod

, - Three would be chosen because of its lower equivalent annual cost of

$1,947'per year. If politica) consideratigns dictated that the work *

be done by the staff, the choice wouTd be reduced to Methods Two and °

Three, making Method Two the selection.

“

PR

" In #c¢tual pré&tice, decisions would probabdy-be made by weighing
a results from each of the three types of evaluation, A financial anal-
4 ysis will provide more meaningful information with which td make a

decision. : St /’,(/
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_— , < COSTS FOR FIVE METHODS OF INSTRUCTIONAL DEVELOPMENT N

4

-

e

o 3
v

‘.

“«

~

. ‘ ) Instructor Instructor Consultant ‘COnsuftant Purchase

Develaped Developed Developed Developed Commercial
Year Lec.-Disc. , Slide-Tape., - Lec.-Disc. Slide-Tape v Slide-Tape

v -0 $ 0 * ¢ 4,000 "~ $ 3,000 $ 6,000 $ 7,000

1 2,000 1,000 +° 1,500 750 500

2 2,000 1,000 1,500 750 500

3 2,000 ;1,000 1,500 750 500

s s 2,000 . 1,000 1,500 750 500

§ 5 2,000 2,000 , 1,500 ° 1,750 2,700

g 6 2,000 1,000 1,500 . 750 500

7 2,000 * ° 1,000 1,500 750 500

8 2,000 1,000 1,500 750 | .« 500

9 2,000 1,000 1,500 . 750 v 500

10 2,000 - . 1,000 . 1,500 750 500

5 Total 20,000 ** 15,000 18,0b0 . 14,500 14,200

N - o o




C
ANNAUL COST CGOMPARISON FOR FIVE METHODS

1. Instructor Developed Lecture-DiScussion

developmeng cost

. LA
equipment replacement
operat1ng cost

o

Total

2. " Instructor Developed S1ide-Tape
development cost = $4,000 (0.14903)
equipment replacement = $1,000 (0.6806) (0.14903)
operating cost ‘ )

Total
3. Consu]tan% Developed Lecture-Discussion
development cost = $3,000 (0.14903)
gduipment replacement
operating cost
-y - Total

¢ Y
4. “Consultant Devefoped Slide-Tape
development cost = $67000 (0.14903)

equipment replacement = $1,000 (0.6806) (0.14903) °
operating cost
- ' Total
5. Purchase Commercial Stide-Tape
' avelopment cost = $7,00 (0.149032
///gghipment replacement =~'§2,000 {0.6806) (0.14903)
% operating cost ‘ .
3 " ‘ Total

w ~ I
°

= s 0
= 0
= 2,000
$ °2,000,
=$ 596
= 101
= 1,000
$ 1,697
=% 447
= 0
= 1,500
$ 1,947
=$ 894
=101
= ¥ 750
$ 1,745

s

=$ 1,043
= 223
= ' 500
$ 1,766

i

Ne/gs 1 Factor to convert a present amount to ten uniform anhntal

amounts at eight percent interest = 0.14903

. Factor to convert an amount five years in the future to a

' present amount at eight percent interest = 0.6806

Figure 2
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Rate.of Return -on Investment

The Rate of Return on Investment technique amounts to finding the -
interest rate at which tosts would have had to be jnvested in order to
obtain the outcomes which were achieved. Surely, most education pro-
grams have benefits. The trouble is identifying them in terms of dol-
lars. Having someone learn to read is a benefit, but what is it.worth
in dollars?

There are some educational situations that do lend themselyes to
a Rate of Return on Investment ana]ys1s These are programs where we
can identify the results of changes in behavior, rather than just
. measure the behavior change itse]f. Two examples of this technique wi]]
be presented. - \
An-example. Consider a manufacturing process that is experiencing
,a large amount of scrap. The-cause is identified as .jnadequate train-
- ing of the employees involved.” A training program is developed to
satisfy the needs. After the program has been conducted, the amount
< of scrap is reduced significantly. Evaluation of the program is de-
sired. . .
In reviewing the program, the total cost is determined to be
$12,000. Reductions in scrap amourft to. $8,000 per year>> The process
will be in operation three years, after which time it will be elimina- ~
ted. The useful life of the training is tQus assumed to be three years.

The Rate of Return on Investment here is-the interest rate which
allows us to invest $12,000 in a lump sum and receive in return $8,000
per year for three years. In terms of an equation involwing interest

=~ $8,000 = $12,000 (crf,i,3)

2

where (crf,i,3) is the capital recovery factor for three years at some
unknown interest rate i. So]ving for (crf,i,3)

» hd

(crf,i ;) = $ 8,000 = 0.667
12 000 .
Ne now look in a set of interest tables to find the 1nterest rate
at yh1$g the capital recovery factor for three years is equa] to’
0.667. The closest, value is at 45% where the table value is 0.669, . .
so we’ can say that the/ﬁate of Return on.Investment is about 45%.
. " Stated arother way, we can say that, over the three years, the
.. $12,000 cost of the program will be recovered together with an addi-
tional return of 45% of the umrecovered balance being realized each

year. -

i

\‘r - N
A1l that remains is to compare our Rate of Beturn on Investment s
against some estaplished reference. Ideally, we would know the minimum
attractive rate of return at which the organization is willing to in-
vest its money., However, this figure is often not readily available.
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The next best reference point is the cost of borrowed money. This at

least establishes a floor below which the minimum attractive rate of

return should not fall. A reasonable>figure at the time this study .
was made might be 7%. 7 . '

///” - Our final determination in the{financial evaluation is made in the -
foltowing manner. ,Any progragawith a Rate of Return on Investment less
than 7% would be deemed unsuccessful. Programs with a rate slightly
above 7% shouWd be considered questionable, since the minimum attrac-
tive rate of return is almost.always greater than the cost of borrowed
money. v .

- »
Ve

Programs with a Rate of Return on lnvestment significantly above

7% would be ¥onsidered successful. Our example manufacturing training

program would definitely be considefed a success. The Rate of Return

‘ on Investment of 45% is clearly-€nh attractive investment when cdmpared
to a reference valué of 7%.

A case history. This Léchnique has 'been applied in one case w
the results were quite enlightening. A major corporation desired
levaluate its ‘graduate work study program. This was a program wherg a
~ university offered a graduate level program in engineering ‘adminigtra-
tion at the company's locatipn. Costs were quite high.and the colpany ..
was concerned about whether this educa ionfprogram was wort Hy-
vestment. .

£

' Prior to-the time of the”financial evaluation,’there prevadiledéa
' "feeling" that the program was successful. Discussions with graduates
of the program indicated that the knowledge acgquired-in the program
had been very beneficial on the jgb. Since all graduatps were enthusi- |
astic about the“worth of the program, the feeling that ﬁt WAS success-
* ful seemed wel}l justified. After calculating the Rate of Returyf en
. dnvestment for. the program, a clear answer was gbtained-as to the de-
', gree of{success of the program.
. L r,\ /,,_./.

. . The'calculations in this case were not as straightforward as in ’
the manufacturing trainingfprogram. Costs of the prqgram were easily
obtained, put, initially, the savings involved appeared very diffietTt
to identifx. Since inéreased benefits and reduced costs are equally =
beneficial to the company, they are both considered as benefits in

" such Studies. . ) Lo

p ;
Forti ely, the problem of identifying profits could be overcome
by taking advaptage of the education the students had received in_the
program. Each graduate of the program held the degree Master of .
Science in Eng[nge(jng Administration. They had received éxtensive,
education tn economt¢ analysis, probability and statistics, and opera-
tions resear€h.! One wWould be hard pressed to find a better qualified
group of people ¥o es;gmqff cost~savings than-the-graduates of this N

program. \

.

At the time kf the evaluation, 32 people had graduated from the
_program. One had \left the company.  The qeqyin?qg 31 were surveyed.

34 \ . - :
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" 8@ of the questions they were asked was: ' -

\=

We would like to.cdlculate the return on {nvestment, He'

Coe realize it s hard to be exact, but please give your best

estimate of the amount of money you have saved or made for
.the company as a resutt of your MSEA edueation. It is im-
portant that we have thi¥ information, so p]ease try to

makg an estimate. \

=
- A money saved or earned for company
as a result of MSEA education.

.Notice that this question does_not ask for the total money the
individual has earned or saved for the’vegpany, but only. the amount .
attributable to his grdddate edgcatlon AnN1ternate approach here
could have been to choose a control group whb did not go through the
program. Each group could have beén asked”for the total amount of
money earned or- saved for the company. . The difference between the two
groups could be attributed té the education program,” While the second
approach iy attractive from an experimental des;gn point of view it
was not chosén here. There are several reasons.

First, accurate]y se]ecting a control QFOUP would be near]y impos-
sible for the reasons previously-described. Second, the graduates
went through the program at diffefent times making a control group iden-
tification even more complex. Third, est1mat1ng the total amount of
«money earned or saved for the company is a rather staggering question
‘to ask someone. However, asking the amount resulting from the educa-
tion program is more reasonable, Here he can think of specific examples
of where his knowledge allowed him to make better decisions.\ For exam-
ple, he might recall the time when He used lingar programming\to find
the optimum Solutign to a manufacturihg schedyling problem or Yhen h1s
knowledge of time value_of money directed him
sion ongwhich test system to install~ For thes
that the method used gave more accurate results tha

'obta1ned using the control group approach
R 4

1d have‘peen

0f the 31 people surveyed, 26 responded. 0f those, 20-were able
to make an'estimate. The responses were:

To%o0 $25,000 "'$ 50,000 -  $100,000
»0 $30,000 $ 50,000 $100,600
$ 7,500 $35,000 $ 75,000 '$100,000 _
$12,500 $50,000 . $100,000 .. {$500,000
r= $15,000 $50 000 -$100,000 [syoo,ooé oo
& In thrée of the case 2" the 1nd1v1dua1§‘gave a range. The mid-range -~

value was used. . o

< » a

— . —
. Having co]]ected the returns, th@'battle-was half-over. The
dollar amounts still had to be converted into Rates o urn on
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Investment. Thére were several complicating factors. ‘

. First, the cost eccurred over a period of time. Graduates took
from three to seven years to complete the program. For ease of compu-
tation, the cost was assumed to be a Tump sum payment two years prior
to each individual's graduation =

- Second, how were the savings distributed? Again, for ease of com-
putation, the total savings reported by.each graduate was assumed to

be evenly divided from the present time back to the time two years be-’

fore graduation. It is possible to test the reasonableness of this E

. assumption The test is d1chSsed later in the paper -

bast, what time per1od should be used? The useful time span for
the knowledge acquired cannot be assumed to be fixed as in the manufac-
turing training example. The first graduate of this program graduated
Jess than seven years prior to the evaluation. Surely the life of the
knowledge is more than seven years. Is there any decay of knowledge

- at al1? There probably is some, but certainly the rate of decay of

"management science" type know]edge is not nearly as rapid as for the
hard sciences. Another factor is the advancement of the individual.
As he rises to‘higher positions in the company, he makes bigger de-

_cisions wpere application of his education allows bigger savings. This

phenomenon tends te canlel out-the decay of knowledge. Still, what
time period should be used? -.

In th1s case the d11ennu was'solved because of the magnitude of,
the savings involved. This magnitude indicated That the interest rates
would be quite large. For large interest rates, the factors in the
interest tables very rapidly approach the infinite life values. For an
interest rate of 50%, for_instance, the capital recovery factor_for an
infinite life is 0.50000 and for a life of 16 years.is 0.50076.13
Thus, for this case, calculations based on table values assuming an in-
finite 1ife can be used with no s1gn1ficant effect on the results.

As an example of how the Rate of Return on Investment was ca]cu]a—
ted for each person, consider the individual who had indicated a sav-
ings of $30,000. It had been about 4.6 years since his graduation.

To this f1gure is added 2 years, giving a total of 6.6 years. Dividing
$30,000 by 6 6 years gives an annual savings of $4,545. The cost of
this person's education was set at $5,000 and assumed to occur as a
Jump sum two years before his graduation. The cost is arrived at by
taking the internal company cost per coursg per student times the num-

“ber of courses taken by the individual. The internal company cost per
ccourses copsists of university fees, books, and company overhead costs

for secretar1a1 strvicés, etc. It does not include the student's work
.time spent in class. The typical student spent two hours of company
time in class per week. It wag assumed that this results in no sig-
nifiéant decrease in efficiency for a professional employee.

As an alternate way of computing the cost of a graduate's educa-
«ion is to take the total cost of the program and divide by the num-
ber of graduates. This gives a larger value for the cost because
people who do not graduate are, in a sense, charged as overhead against

T

,
\ .

¢ A !




3

those who do graduate. But what we are after js know]edge and not di-

. plomas.. Thid method impTies that those who do not graduate learn

- nothing dnd only those who receive a diploma acquire knowledge. The
method used by the authors, om the other hand, implies that someone who
goes, half way through the program }earns half as much as a graduate. .,
Also,.it is iniplied that he saves half as muth as a graduate, as opposed
to. zero saving implied in the_ alternate method. This assumption in the
method selected by the authors seemed more realistic than those in the .
alternate method. The alternate method would be useful as a quick in-_.

Fag dicator of the relative cost of a program, but it is not appropriate
for the more in-depth analysis des1red here.

- ¢

Since an infinite ‘1ife can be assumed with no appreciaB]e reductioh
in accuracy, the Rate of Return on Investment for the individual with ~
an annual savings of $4,545 can be calculated quite simply.

~$4,545

5'g00 X 100% = 91% i

“The same method was used to calculate the Annual -Rate of Return on
Investment for the remaining®19 individuals. The results for all 20
are given below. -

i ANNUAL RATE OF RETURN ON INVESTMENT FOK.ZP MSEA GRADUATES

0% 91z  218%  357%
0% 109% 2453  357%.
27%  132% 2643  435%
45%  .152%  303%  1320%
- 652  178%  326% '3540%

The mean value is 408%. This indicates that money investéd in ~
this educational program is paying a Rate of Return on Investment of
Y 408%. This says that the average graduate each and every year returns o
408% of the total cost of his education to the company. Comparing
the 408% Annual Rate of Return on Investment to the 7% cost cikborrowed
money shows this program to be overwhe}m1ng]y successful .

After completing the calculations, the data was rev;ewed to insure
that the savings percentages did not correlate with the length of time .
since graduation, thus jndicating that the savings were relatively: -
uniform over time for each individual. Hence, the simplifying assump-
tion, made .previousTy, that the savings occurred even]y over time was
réasonabler

. . -, <Y

Of course the 408% figure is only an approximation. The assump-o
tions made- for computational ease may effect the accuracy slightly.
More significantly, the graduates ,estimates of savings are surely
not .exact, because they are, inm most tases, subjective. However, the
relative mAgnftude of the Rate of Return‘on Investment showed the
program. to be successful‘regardless of what tolerance limits are
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applied In any casey the approximate 408% figure proyided far more --
meaningful information than tﬁe previous "feeling" that the program was
successful., In evajuating the program, it should perhaps be also noted
that a fair number of 'students not taking the Engineering Administration |
degree program electetl to take certain of the courses offered. In one
case, such a student reported to his professor "as a direct fesult of-

my exposure to non-linear programming in your course, our company suc-
ceeded in selling a three milliop dollar project." Others reported
savings of up to half a million as a result of better decisions due to

use of decision analysis, and term projects in other areas produced re-
ports of eRually impressive savings,

{

Summary

The Yiterature has alludel to the need for financial evalution,

. but little has been accomplished. This,is probab]y due to the several
difficulties involved: (a) control groabc are often not feasible, (b)
it is 1mposs1b1e to post-audit a decision, {c) the life* of the benefits
is often not known, and (d)<subjective data must sometimes be used.

For these reasons 1t is perhaps not justifiable to seek dther than ‘an
order of magnitude answer td the questian, "Did the decision result
in a favorable outcome?" 1In the two hypothetical examples presented,
meaningful results were shown. In the case history described, we feel
the results eloquently attest to’the'fact that the investment in the
., program resulted in a far greater return than would be required for

N the approva] of a more traditional capital expenditure.
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Pity the poor department head!

S |

Students knock on his door to voice their displeasure with the i
length of a homework assignment required by a zealous new assistant
professor. They complain of dull lectures given by an older faculty
member who should have retired ten years ago--but still has five jyears
to serve. They dispute a negative tenure decision on a more popilar
teachér who has used the classroom to champion every student cayse

(and gives easy grades). . o
and ¢ K| )., -

Faculty members complain of the building renovations acrgss the
street, and the fact that the construction Workers arrive at 7:30 a.m.
and usurp all the parking places. They deplore the increased insti-

“tutional emphasis on athletics--and the fact that the major donors
to the athletic program obptain all the choice football seats.” They
worry about-the taxity of academ1c standhrds .ain other departments’
across the campus,.

The administratién, using a new formula developed by the Office . (
- of Institutional Research, has suggested,that the department occupiEs ,

too much 'space. A departmental recommendation to recruit and extepd
an offer to a full professor at another institution is denied by the i
dean because of insufficient funding and because the department al
ready has too many full professors. The policy of "extra gompensation
to faculty for their part1c1pat1on in conferences and short courses
is to be changed, with facu1ty expected to contribute to such pro rams
on a *release time" bdsis.’

i
:

While each of the preceding incidents is likely to have occurred -

and .on more than one campus, they probably have not been thrust ppon p
the same department head all at the same time. Nonethéless, th
department head is faced with conflicts. He must make decisiong
Sometimes his authority is commensurate with the expectations of re-
.sponsibility held by the administration, the faculty and the students;
many times it is not. Sometimes the 1ess routine requirements for a -
decision are shared with the senior members of the facqlty,.permitting
_additional 1nsights into a situation and also diffusing the account- \

- ,5"“?.'
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ability for the decision. Shared decision making, however, does not

. reduce the seriousness of a problem nor always lead to a be'tter solu-
. . tion. . ' ’
The Academic Department Head Game s,

’ BN

Some ‘decisions involve a unique situation, but more often common
elements exist achss a number of events, and a single decision and
its consequences have value as a learning experience. Under a grant
. from the EXXON Educational Foundation, a computer-based management

« game has been developed in an attempt to reproduce some of the more

significant decisions confronting the academit department head in a i
university. To understand the structure,.content and usefulness of ’
the game, consider the following three department heads and the situa-
tions confronting them.

years, during which the department has e reasonable progress.
Teaching reports have been good, if no tstanding. The eight faculty
have published a number of significant articles, and one individual has
produced a text. While the level of sponsored research could be raised
. further, some funding has been generated, and this has been adequate
to support an increasing number of graduate students. On several
occasions the dean has expressed his pleasure with the activities of
‘» the department. However, Dick has just been informed of the resigna-
’ tion of one of the younger potential "stars" in the department--quite
: a disappointment. A brief description of the young man would read as

\ , follows:- . .

,Dr: Albert Kelly is 33 years old and received his Ph.D. from the
University of Wisconsin. He took a two-year post-doctoral fellowship
at Princeton and has, been an agsistant professor on the faculty for
three years! He is one of the more conscientious teachers and -has
' expressed no definite preference for teaching either service,®lower
divisiop, upper .division, or graduate courses; he has taught at, least . .
oné course in each category. A most careful researcher, he has pub-
Tished.six articles and has also received an NSF Research Initiation
:\Grant.and has attracted a.number.bf graduate students. He is well-

L
ogDr. Richard (Dick5 Walker has beengserving-as chairman for four
t EE

P

- liked by the students and faculty and has been elected a college
. d representative to the faculty senate--one of the few assistant profes-
. sors to serve on that body. He is married and has two children.
s Dick Walker fee]s,jusgifiaﬁly concerned with Dr. Kelly's resigna-
tion. Apparently. he has accepted an offer with only a sTight salary ~
- increase at the rank of associate professor ‘and at a comparable; not
a more prestigious institution. During his stay on the faculty, Dr.
Kelly has recejyed above average salary increases, had been asked to .
teach no more than two courses a semester; his teaching load coupled
L3 with his research activity and advising of graduate students had been
: only-an average load in the department. Dr. Relly had not been par-
. ticularly outspoken in voicing any complaints; he had been told to
. expect a promotion and significant salary increase in the next year
or two and had seemed satisfied with this arrangement.; Dick is un-

.
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comfortable and is now asking himself, "Where did 1 go wrong with Dr.

Kelly?" If he had given him a larger saldry increase, a lighter

teathing Joad, and/or recommended him for promotion at the end of

three years, .Dr. Kelly might have chosen to stay, but a nuiber of other

faculty could have been unhappy with this-obviously preferential treat-
s Ment. d

To compound his difficulties, Dr. galker has interviewed a candi-
date as a replacement who has almost the same potential as Dr. Kelly
but, unfortunately, his interest in teaching does not fill the vacancy
left by Dr. Kelly. The candidate,ill teach only upper division and f
gradwate in_his specialty. e};%aﬁ’offer is extended to this candidatey
some changes will have to beflade in existing-teaching assignments,
and a few faculty will be less than satisfied with their new teaching
obligatigns. Should Dick extend an offer to the candidate and accept

. the resultingedislocation of faculty teaching prefergnces? Alterna-
tively, a candidate can’be sought who could more neatly fit intp the
ingtructional gap left by the vacancy, but the prospects of finding
someone with the same overall potential as the present candidate are
not good. ’ e .

>
[

* Dr. Carl Herakovich is a new department head. His immediate con-
cern is with the productivity (or lack théreof) of Dr. M. Stone Hynter, .
a former Air Force officer who has "retired" into his present faculty -
position after receiving tenure two years.ago. He has sigce managed .
to lower his golf handicap by six strokes. Not only has Dr. Hunted 7
ignored any obligation towaed research and creative scholarship, byt
his teaching leaves much to be desired. He functions best in the
teaching of service courses, but even here, sporadic student complaints. ‘
are a continuing sourcé of embarrassment to the department.» It is & w
unlikely that Dr> Hunter will leave, although he has threatened to do
so if his teaching load is increased from the present nine houfs to :
twelve. As a department head, Carl is now debating assigning a twelve- *
hour teaching to a poor teacher to encourage-his resignation. PR 1
not even certain that Dr. Hunter would resign under, this increased
pressure, and if it were certain, the ethics of exﬁbsing more students

to a poor teacher just to secure a resignation are questionable®
. » .

On the more general subject of faculty productivity and rewards,
Carl is concerned wjith the use of annual salary increases as a means
,of furthering departmental objectivés. A number of department ghair-
men’ in the co)lege follow a policy of allotting some monies in equal.
proportion-to all faculty ig order to,partially compensate for the
ever increasing cost of 1iving. Some lesser proportion of the total
monies is then divided among the faculty, with the more productive . -
faculty receiving larger- intreases. A few of Carl's associates,
however, use all salary increases as leverage for advancing goals, so
that some faculty‘®receive no increase whatsoever, while others aré
‘rewarded omely. As.q Tesult, in those departments superior .
faculty fave been less 1ik¥ly to resign for, more* attractive positions:

" elsewherle, but the less productive faculty have been outspoken in
their cn sw of the department and the department head. .Carl is -
debating -extent to which salary increase monies are "owed" the .

* . - /7
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facquy or can be used as an imfédiate, direct, tangib]e'reward for
productivity. . ' N

.
'

’ Dr. Lon Savage has been a,department head for one year and faces
the difficult task of re-orienting department objectives. He has in-
herited a faculty--approximately Half of whom are tenured--who have
good teaching reputations, but who have been quite slack in creative

. scpo]arship. They are willing to accept.heavier than average teaching
loads in order not to be bothered with- this other requirement. They
are more than willing to,serve on college and university committees to
fulfill a service coumit¢ent-within the universitx. They do 1ittle
outside the university, and with few exceptions, are unwilling to re-

é . direct their energies, §QLthat the department has almost np regignal
, or national visibility. -Llon also €@ces a new deall who_is emphatic in
. his requirementethat the level of .rdsearch fundiné and ‘scholarly pro-
i ductivity be brought up to the existjpg average level across the col-
. lege.: Lon realizes.that the meghanism for rq-orienting départmental

objectives-will have to be accomplished with new faculty and with the
denial of tenure 40 a number of nonitenured faculty members, including
, ,some who.-are fine teachers. v :
The one faculty member with some ability and orientation toward
scholarship--Dr. Wilson Dingle--is also facu]%y advisor to the campus
Gay Liberation Group. Within the department, he tends to go his own
way; he is active in the community in seeking thegacceptance of the
homosexual. He is to be considered for tenure tHfs year.: A number of
faculty are unappreciative.of the publicity given the department
through- his activities. n -
Eachr of the preceding depagtment heads is facing one or more
. dilemmas. What to do? Interestingly erfough, Dick Walker, Carl Hera-
kovich, and Lbn Savage are real people,vand they did face these and
ether problems. They did so through the Gaming situation that permit-

o ted tHe simulation of five years in the .life of an academic department.
Dick, Carl and Lon each served as the head of_ the Department of Sta-
o tistics in the State University of 1d. They made decisions vital tq -

the success of that department and had the chance to obserye the con-
sequences of,their decisions. As a matter of interest, at different
times Dr. Albert Kelly did resign fqr Dick, but not for Carl nor for
v Lon. On the othgr' hand, none of the department heads.had the good
fortune to secure’the resignation of Dr. M. Stone Hunter, although
two made a concerted effort to obtain it. .

z N ’ .

/ Playing the game e ' . .

>

* . J
) In the Academic Department Head Game, each participant serves ds
oHeqd of the Department of Statistics and is required to-make two
decisions per year--one at the start df each semester--for a five-year
pegiod., The participant is provided/with an initial foster of eight
fadulty in the form of profiles (siilar to that given for Dr. Albert
: Kelly), which include a personal sketch of the individdal, as well as _
- some~insight into his professional interests and abilities. Then, ..

D
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through the duration of the game, one or more may choose to resign, or
if a person is non-tenured, his services may be terminated. - Additional
faculty must then be Secured, and it is not unusual for a department

to change in composition” over the five years of its e§istehce.

The Decisions~and Results ‘

v

In the game, as in reality, the objectives of the department have
to be achieved through its faculty. As a result, the gritical deci-
sions in this simulation exercise revolve,around the r&gruitment and
retention of faculty and the assignment of;facu]ty work loads.

. The 4nstitution operates.on a semester basis, with two semesters
.constituting an academic year. ‘A total of ten decisions are made ,over
the five-year gaming period. The fitst is made just prior to the
. start of the fall semester, the second just prior o the start of the
spring semester, the third decision prior-eg the start of the fall
semester of the second academic year, and so forth. For purposes of
the exercise, it is assumed that the department head can function in
a "strong leadership situation.” I1f; as in many unjdersity settings,
there is an element of senior faculty -involvement in the decision pro-
cess, it is assumed that the persuasive powers of the department head
are such that his will can prevail. :

-

Teaching assignments: The department has a teaching obligation
at both the undergraduate and graduate level. Service and intro-
ductory courses are taught to Tower division students, and Junior,
senior, graduate and advanced graduate courses are taught in three
distinct areas of statistics. The assignment of courses to individual
meerr§ of the faculty-must be accomplished each semester.

}

Some faculty will be involved in.advising graduate students on
theses and dissertations; a few faculty will also ehgage in sponsored .
' research. “This latter work load is generated through the initiative
of the individual faculty member, - ’
- -
. _The size of the department is.initially assumed to be edght
faculty (plus the department head). This size cah be, increased
through securing research funding and additional graduate student
[+ enroliment. As one might expect, a faculty member.is more 1iKely to ,
sécure research support if he is initially &ssigned a 1ighter teaching
load. The funding can then be used to increase the support of graduate
. studeqts and increase the size of the department. - )

.
Salary Increase Recommendations: The spring decision will re-
. quire an allocation of availaBle salarw increase monies to the faculty
for the folldwing academic year. To assist the department head in
making this.decision, he is provided a report of faculty productivity
through the previous calendar year. * The..department head receives an
. indication of individual teaching effectiveness and scholarly produc-
, ° tivity, research activity and time spent in service %0 the university
and theiprofession. . *,
” .

-«
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“Promotions and Non- -Reappointments: 1t is assumed that,the depart-
ment head has the prerogative of initiating pgomotion and non-reappoint-
ment recommendations. ‘The latter decisions have to be made withiff the
framework of the "1940 Statement of Pr1nc1p1es f" “Academic Freedom and
Tenure" of the AAUP.

Recruiting? The game participant is also inyolved in recruiting

replacements for facul y who either resigned or were denied tenure.
The recruiting process-is. initiated with the request made by the de-
. partment head for resumes by rank and with spec1ftc subject matter capa-
“bilities. " He is then provided resumes of those who have chosen to be
considered applicants and can rank his.order of preferences to whom
employment offers will be extended. Success in the recruitment of
faculty includes a random element but is also dependent upon the repu- -
tation already achieved by the department.

&

The Results: Effects of the preced1ng decistons are found in the
reported satisfactions Jor dissatisfactions of the’facu]ty, the produc-
tiyity of these same faculty, and,the annual réview mad the dean.
Every year each faculty member has the opportunity of r%mg his

e

satisfaction regarding salary, teaching load, teaching rence,

the number of graduat®Tstudents who choose to assdciate themselves X’ith )

him, and the general reputat1on of “the department. A composite of
these satisfactions will influence the decision of ‘the faculty member
to remain.with the institytion or resign and seek employment elsewhere.
A second measure of the success of the department head is found in_the
composite of the annual reports of the faculty. These include the”
teaching effectiveness “of the whole faculty, the number of articles
they have contributed to the literature, books published, if any, .
_research support generated and service to the universitysand to the
‘profession. As oqe miglhit expect, two department heads working with

an identical faculty may achieve different levels of faculty satis-
faction and. of de artmént productivity. The department head who
asgigns a lighte 1oad .to an individual with greater potent1a1 for

: scho]afsh1p and ch is more ]1ke1y to see this potential become

3

a rea11t¥. Op the ot eér hand, the department head who assigns a
heavler teaching load to those faculty with poor teaching capabilities
“will probab]y see a dg§i1ne in the teach1ng reputation of his depart-
ment. . 55 -
o & ," < PP .

A f1na1 measuré of the success of the department js seen in the
annual review, of “that, department made by the deap Qf the college.
This last assessment will be  very close to the- comgos e of the annual
faculty &ctivity reports. .However, the game can be played "against”
one of -four diffefent deans The game administrator can select a
.dean who is tegching oriented, teaching and service oriented, pub-
lications”and éesearch oriented, or a balance of these A1l game
part1c1pants then manage their departments for the Same dean. This
great flexibility pdymits, the game to be adapted by.thie game admini-
stritor to{diﬁferent. niversity settings or objectives: , [ 4



Conclusions

The game model has been

constructed rodnd an individual data
tion relevant tg-each faculty member,
n defined and any eight may be used to

bi which maintains info
Fifty such faculty have be t
sinitfiate game play. The remaining 42 then Rerve as the reservoir from

which facu

1ty are recruited.

Bécause of thi

flexibility, game play

“can be structured to simulate specific -situations, e.g., faculty who
are all tenured, a preponderance of faculty in the lower ranks, or a“
faculty consisting of "téachers" with a dean who is research-oriented.
The values of the various parameters have bgen developed with the
assistance of a copsulting psychologist. Each faculty member is

ized by sdch stress factors as salaey, rank, teaching load
nce, number of graduate students, and the reputation of the
Fach faculty member-is- also categorized by indices re-
+3-teaching abjlity and level'of scholarly productivity.

rtment Head Game has been designed as both an
orientation ining device for the new or the aspiring depart-
fment head. It also be employed by others, either within or
outside the university, who might profit from a better understanding
of some of the significant decisions required in the administration
of an academic department. Obviously, the game does not include
many decision sitUdations that confroni the department head on a daily
basis. No requirement is made for the response to the group of
students who have come in to complain about the length of the homework
assignments required by the new assigtant professor, ‘The department !
head in the game is not required to respond to the complaint of a .
faculty member who cannot find a parking place and is habitually late

» to meet his first class. Even in a broader frame of reference, ex--
cluding the allocation of salary~increase funds, no provision is in-
cluded within the game for the stewardship function; the department : .
head is not required to request and maintain a budget. On thd other *
hand, a number of profound decisions are required of the game parti-
cipant--particularly those relating to recruitment ahd retention Of ‘
faculty and the assignment of faculty work loads. Through the mech-
anism of the game, the .department head has the opportunity to make i
decisions, observe the results of these decisions, and then make ,
additional decisions. Further, he can use this vehicle as a focal .
point for discussing "real world" situations with other game parti-
cipants. ) ‘

- ditional refinement of the
instructions and the program

the authors. .

The game is now completed. Whil
game model is likely to continue,
will be pravide® upon request f

1, - ° - . -
/ - 3 . ~
-~ . - . ‘ ‘ 13
‘ ' \ '( . . Y
o ) , ‘ . .
o . \ «
" - 47
. . v ' .
»1 N
., Y s
i ) > - . . -
v 4 4 . ‘ I N T

EMC : x 551 1,

o, : . ’ < (*‘*\;\
¥ , . \ . - \ 5 I3




! \, N \‘ .
RESOURCE ALLOCATION
FOR A COLLEGE OF ENGINEERING

, M. R. Reddy " N
a2 , M. B. Pashazadeh
P. H. Randolph

Introduction
Management science models which express the organizational
environment and its dynamics in mathematical relationships have .
been applied in many fields. A]though‘these models have been
- developed and are being taught in universities, very few techniques
e have been applied to-universities themselves until Just recently. )
- 1h recent years, models have beed/developed in which problems that -
are encountered in universijty administration are g¢xamined. For

example, David S. P. Ho k1ns] established.a cost simulation model for %
a-university, in which levels of activities are’'related to the
requ1rements that refle€t on the university resources. Anoth

approach to this problem is that of Sung M. Lee“ in which goal
prograrming was used as a model to analyze multiple; compet1t1ve
and conflicting goals with varying priorities. Lee applied this
- technique to_the optimum allocation of.resources in.a sghbo] of
e business adnﬁn1strat1on It is this work of Lee that motivated this
- paper. It was felt that since goal programming was of value in -
. . analyzing the allocation problems of a business schodl, it could (n .
% be equally useful 1n\§;:dying an eng1neer1ng college. v

The objective of this paper is to present a method for the
allocation of funds in a college of engineering. This method must
, recognize that certain requirements such as financial stringencies, <
quality and diversity of academic faculty, maintenance of existing
levels of faculty, etc., should be met. As mostyof these requirements .
. . are%incommensurable, a priority structure. has been constructed for
the’ formulation of the model. “The College of Engineering being
‘ . studied in this paper is not necessabrily a *eal school, buf should
** be considered a composité of several differgnt schools of
engineering, ard thus serves as a usefu] examp]e to study. r}"
. v I T \ b -
3 There are two major goals that a college of engineer1ng must N
; considér. One is the gaa] of maintaining approximatety the current -
' facilty levels. That is, the number of assistant, associate or 7
.+ full professors should mat change drastically from year tq year
Major, changes in emp]o;gu?t levels would réquire con;iderab]e f$¥1ng
L} . -
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and hiring, with the expected negative effect on employee morale. In
this paper we permitted only small changes in the faculty levels in
each category.

The second major goal of dny cdllege of eng1neer1ng it to satisfy
as c]ose]y as possible the standards of the engineering accrediting
roup known as the Engiheer's Council far Professional Development
?ECPD) In their “ObJect1ves and Procedures \for Accred1t1ng Programs

"in Engineering in the United States" the ECPJ" makes the fo]]ow1ng
statement: “The overall competence of thg#Faculty may be judged by ‘
* such factors as the level of academic trining of its members; the
diversity of their backgrounds; their nom-academic engineering
- experience; their experience in teaching; their interest in and
enthusiasm for developing more effective teaching methods; their
level of scholarship as shown by scientific and professienal
v publications; their degree of participation in professional,
' scientific and other learned societies; recognition by students of
their professional ac ;,and their personal interest in the
student's curricular and &tracurricular activities." .

Of these factors, only two seem reasonably easy to measure,
namely level of academic” training and diversity of background.
Information op both of these can be obta1ned from a’ standard college
catalog. ' For example, for an engineering college, the level of
academic training can be measured by the highest degree achieved by
the faculty member. The diversity of background can be measured by
the location of the 1d4st degree. Was the last degree from the ¥
university being studied, or was it from elsewhere? More bluntly,
is the faculty mgmber-an inbreed or ‘not? 7
\ hiY

There are further goals that were covered in this effort, but
they are of -1ess importance. For example, we considdred the goa]
of maintaining a desirable faculty-student ratio, and the goal of
covering all classes 1isted in the catalog. All these goals were
- included to try to meet all the objectiyes of the college.

)
|

Model '

— 4
- . -~ ’ .

The following assumptions are made in dgve]oping'the mode] :
S .1. It is a single-timé-period ?odel; i.e.] ﬁlanning horizon
is limited to one “year. : !
-~ -
: 2. A1l faculty w111 work the same number of months per year. ///j
In reality, most faculty are on a nine-month basis, while some are

on eleven months. However, the nine-month faculty ‘members usually .
. are also able to teach summer school; so th1S‘aSSUmpt10n is

-, reasonable.

3. In arriving at the estimated numbér of student credit
hours needed for each session, an.avérage figure is used both for
undergraduate and graduate students load levels

50 - - ‘
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4. Each department has cm of ‘research and teaching

assistants.

For the model,

SR Number

X Ngmber
X Number
Xg Number
Xg .aNumber‘

Xg : Num.ber‘

x

x7 : Number

we define the following variables: °. ' .

k .- .
. -
.

- - '

of research assistants -t l .

of teaching asststants ' . 1‘ ‘

of instructors < . .

of inbred assistant professors without PhD

of non-inbred assistant professors wi;thout P hD

of inbred ass1stant professo\s with- PhD

of non-mbr

tant profess\\vn\th PhD

Number' of inbred associate professors w1thout PHD~--

_X8:‘

- Xg i Number of.non-inbred associate professors with({ut PhD

9

of inbred associate professors with PhD

. i -

of non-inbred assoc?a’tle*professors with * .
0 ® B * N

of inbred fg

of non-inbre

\
X 4 Number of inbred full professors with PhD *

{]‘0: Number

EESIE Number

x]ZO: Number rofessors without PhD

313: Number full p ssors without PHD »

X15° Number of non-irbred full professors with PhD o
9
x]6: Number* of part-time professors . ! ‘

X19° Number of” s tegf -

The Goals SN e A

The goals can be stated mathematically as follows:

1. Level of academic training goal. Two criteriaxgam be
hypothes1zed to meet this goal. They are: ‘ -

ECPD requ1rements _Although the ECPD Standard does noté"
specify precisely what is meant by "level of academic training,"
_it is possﬁ)le to quantify this goal by the constraint that, at ¢ . .
" most, 10% of the faculty should be without PhD's. ~“This constramt
... Can be expressed a]gebraica]]y as follows. .
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Of course, this constraint may hdve to be vidlated; that is, we may end
up with more than-10% of the faculty without PhD's. The amount we,

4 exceed this goal will be denoted by dT. Then the'constraint can be
o . written as 15 .

- +—
o S KatXstXgtxgFxpp txg s dy = (0T X

-

<o~ where d; is the positive deviation from the goal.

Stable employment yeguirement. —Suppose-that-30-13%ofthe —— ———

- present engineering faculty do not possess PhD degrees. . This figure
is not uncommon at some of the older, more established engineering
schools. Because of stability' of employment requirements, it must
be expected that this percentage should not decrease significantly.
This yields another constraint regarding the percentage of faculty
without PhD. Assuming that there will be a maximum attrition rate

P of 14 (retirements, deaths, etc.), the projected percentage for next
year3should be at least 3D.13 x 0.99 = 29%. This can be expressed

LR as follows: ’

. 15 . ,
Xg * X5 * Xg + Xg Xyt Xy3.> (D.29) 24 X )
For gda1 programnigg, this constraint is written as:
s ’ ) ]5
: ' - . Xq * Xg ¥ xs); Xg * Xyp X3t d; = (0.29?i§4,xi
’ . i /\ . .

whef?“d% is thd negative deviation from the goa]. . '

As can be seen, this goa] is in direck conflict with the preceding
goal.. It is impossible for both goals to be satisfied
’ simultaneously. At least one of these goals will have to be ..
violated.™
2. Diveggity of background.goal. As before, two criteria
can be def1neﬂ“to quantify this goal: . . //,4

s ECPD requirement. As with the above goal, the ECPD standards
. do not define precisely what is meant by "diversity of background. "
One possible way to quantify this goal is to examine the number ,
o of 1nh(ed faculty. We quantified this ‘constraint by specifying
that, at most, 30% of the faculty should be 1nbreeds This can -
be expressed a]gebraiCally as follows:

L4 ’ - ]5

‘ e Xg * Xp + Xg +‘x]1'+ X3+ x]5 < (D.3) 24 X; 7
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The correspanding goal programming constraint is:
. +15
+
. Xg + Xg + Xg + Xyt Xp5+ X15 . d3 = (O.B)ii‘.4 X3

Stable employment requirement. Suppose that 53.8% of the total
‘faculty 1n the college of engineering are inbreeds (This is probably
a little high, but not unusual in engineering schools). Because
of stability requirements, this percentage-should not decrease o o
considerably. "This yields another constraint for the diversity of .
background goal. Assuming 1% attrition yrate, projected percentage
of inbred faculty for next year should be at Jeast 53%. This can
be expressed in the following goal constraint:

‘ S (053 1 N
. Xg + Xg + Xg + Xt Xt d4 = (0.53) = X .

o i=4 ' .

3. Maintenance of the existing level of faculty goals. In
order to avoid major upheavals in the number of faculty in each
category, it will be assumed that the number in each category does
not change very much from year to year. This objective can be
achieved by a seriés of goal statements.

. -

E
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a. Suppose that 4.5% of thg current faculty are inbred o
. assistant professors with PhD. Then to maiptain this approximate . .
percentage, the following goal can be se;cified: ’ )
SR )
x. = (0.045) 5 x. _° ] :
0 i=4 T »
The corresponding constraint for goal programming is: ’
N o, 15
xg * 97 - d7 = (0.045)i£4 X

v <7 g

b. Suppose 7.3% of the current faculty are assistant
professors with PhD's from qther universities. Then to maintain
" the approximate percentage, the following constraint can be
specified:

15

- +
Xy + d8 - d8 = (0.073)12‘.4 X; )

assistant professors withou

; Then the following
constraint can be specified: had .
15
£ (0.059) = X
‘ i=4

- ot
Xy + d5 - d5

53

(]
v <

%,
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d. Suppose- that 2.73% of the current faculty are assistant
professors without PhD's and terminal degree from other un1vers1t1es.
Then the following constraint can be specified:

- )15
© xg +dg - dg = (0.0273) 1 x;
5% % "% jog

e - e. Suppose that 16% of the current faculty are inbred

" associate professors with PhD's. ‘Then the following constraint
_can be specified:

3 _ + 15
X0 * dy - dy = (0.19) 54 X34
" f. Suppose 15.1% of the current faculty are associate
professors with PhD's from'other universities. Then the following
constraint can be specified:
_ + 15
+ e -dy, e (0.151) Z

X
i=4 -

-

g. Suppose2.73% of the current faculty are inbred
associate professors without PhD's. Then the following constraint
can be specified: S

o 15
- - =
, + dg dg (0. 0273) 24 X ,
= rd

ERIC
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h. Suppose 2.73% of the current faculty are associate
professors without PhD's and terminal degree from other universities.
Then the following constraint can be specified:

-

- . + - 15 ~
Xg * d]Q - d]0 = (0.0273)1_24 X

ES

i. Suppose 20.5% of the current faculty are inbred full
professors with PhD's. Thei the following constraint can be
specified: ‘

' 1
X, ©oL
11

"ot

+ = -
’ X14 * d]5 - 415 = (0.205)
/7 1

!

J. Suppose 15.1% of the current faculty are full
professogs with PhD's from other universities. Then the following
constradnt can be specified:

, o 15
. N X5 * d16 -d 6 -.(0.151)1_24 X; -
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‘k. Supposé 4,11% of the current faculty are inbredgtufl
- professors without PhD's. Then the fqliowing constraint can’be
specified: . ' . : ‘ .
-~ ! ’ + 15 '
Xy, + d7, - d7, = (0.081)-5 X,
- 12 137713 SRS (
] 1. Suppose 3.2% of<the current fachItyigre full professoré
without PhD!s and terminal degree frof other universities. Then the b
following constraint can be specified:

‘ s ° - +/‘ ]5
X3 + d]4 + d]4 = (0.032)154'xi

-

*

4. Broad categories of faculty. Supposé 21% of the—faculty
are assistant professors, 37% of the faculty are associate professors,
42% of faculty are full professors, and 5% of faculty are paaf;timef -
Then we have the following goal constraints:

r o,
7 . '
£ox+d_-d = (0.21) 12 N
i=4 17 !
) K 3
‘ ' - b = ) “
L +d7, - diy = NL37) T,
R S TR | | .
: 15 ; ‘d+ oz’
I X, +dyq - = (0. I X, |
) =12 11919 j=4 1 .

16
T X,
$o ]

- +
X16 * 430 - 430 = (0.05)1

4 -

5. Number of academic faculty goal. Suppose the projected
student enrollment in the.engineering college for next year is
estimated to be 2110. Average number of credit hours taken
(graduate and undergraduate) is assumed to be 15, and the desired
class pize is assumed tosbe 20. Then we have:

o

T Total student credit hours = Lgllgg—LAEJ- = 1583
0 )

El
.

Assuming an average'teaching load of 12 hours for graduate assistants,
10 hours for instguctors, and 5 hours for the rest of the faculty,
we have the following gga]: .

.
¢
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. 16
12x2 + le3 +53% x; = 1583

. i=4 ! - T

* The corresponding goal programming constraint is:

16

. _ + ) .
l2x2 + le3 +5 24 X; 3,d25 - d25 = 1583
. Also, faculty-student ratio of 1/9 is assumed as ideal. This
gives the goal constraint: . °
L 3
15° ) N
I %t ge m dge =23 - -

N

6. Number of graduate research assistants! We set the desired
_- graduate research assistants to faculty ratio as 1 to 2.~ This can .
be quantified as follows:

+
. x.l+d

14 .
21 " = (0 5) I Xy ;

i=4 SN
7. Number of teach1ng assistants. We set the desired teaching

assisfant to faculty ratio as 1 to 5. This can be quantified as
the following goal constraint: ’ :

" 16
= (0. 2) IoXx; :
j=4-

+ d+

= . - X2 T Oy

8. Number of instructors. Suppose the desired instructor/
faculty ratio is 1 to 20. This can be quant1f1ed as follows

+d,

X3 23~ = (0. 05) z X,

d=1 L

9. Number of staff. The desired support staff/faculty rat1o
is 1/6. This can be quantified as&follows

. . 16
+d,, - = (0, l67) I X,
’ i=2 i -

- 10. Budget goal. The total budget for next year consists of the -

total amount paid for faculty, teaching and research assistants,
and staff this year, plus a predetermined amourft of increment over
. the pay base for the above classifications in the engineering
sthool. The estimated average salary figures for next year are
shown in TabTe 1. Suppose the dean has a total of '$7,500,000 to

. 56
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be used for salaries. Then from Table 1 the following constraint can

. be specified: .
t -
4028 X+ 4028 X, * 11,880 X3 * 14,040 Xq
. + 14,040 Xg ¥ 16,200 Xg * 161200 X, * 17,496,x8
+ 17,496 Xg + 22,080 X0 * 22,680 X * 24:494 X12
° + 24,494 X3 * 32,400 X14 * 32,400,x]5 + 24,840 X16 -

+ 8,100 x = 7,500,000

+
17 ~ dsa]ary
The Objective

The objective of the college of engineéring is to meet all the
| goals specified above., However, as we have -already seen, the first
two are mutually conflicting, indicating that at least one of these
two goals will be violated. It is possible that there exists
additional conflicts in the goals so that several goals may be
violated. Some of these goals are more important to the dean than
other goals. Thus, the goals can be ranked according to their
importance to the dean.

In conversations with a few deans of engineering we came uUp with
the ranking of the goals as indicated in Table 2. As can be seen,
it appearfimat administrators of enginéering colleges feel that
faculty stability is of prime importance, as is evident from the
high ranking given to maintaining current faculty employment levels ==
in all categories. This is in line with the well established
principles of tenure at universities. The ECPD standards are next
- in.importance.. .

The ranking of the goals is exploited in goal programming. The
' highest priority goals are examined fifst, and effort is made to
- achieve these as closely as possible. Then the next highest
priority goals are examined,.and an attempt is made to achieve these
as closely as possible, but without disturbing the degree of
achievement of the highest priority goals. This is continued until
all goa¥s are examined. -

However, there is no general-purpose, high-speed-goal-
programming computer cade available. Therefore, we-used the well
known MPSX simplex code with weights on the goals. The highest
priority goal was weighted the m®st, and the weights decreased with

)

decreasing priority. The weighted goal objective function is? .
10 , ,- + 8 , - + - + - +
10 (d2 + d4) + 10 (d]7 +dyg + dig *+ dig * d19 tdg

¢ 2 N

- + 6 -y .
+dog + dyg) + 10 (cﬁ +d7); = 5,...,16

AN . . 57
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4, - + v,
10 (dzs + d25 + d] + d3)

2 .- + + ey
$10° (g + dpg) + 10 (df + d3); =

The objective is to minimize this deviation function.

Results

.,24 + 0.00001 d*

For the samp]e prob]em given in this paper the resu]ts)x( the

computer are given below:

Goal attainment (

salary

T1.° Maintain stable employment to all facully

B W N

Maintenance of desired number of
part-time professors
P TT IO B - & - e oy 1 = L JRTENS

research assistants

teaching assistants

instructors

staff

‘6. Maintenance of ECPD requirements

for quality
for diversity'

“ERIC

‘
R A .7 provided by R

Maintain desired distribution of academic staff
Maintain des?}ed number of faculty

Maintain desired faculty student ratio

Tehteved
Achieved
Achieved

Achieved

" Achieved

F-5
Achieved

Not Achieved.

Not Achieved

Achieved

Not Achieved

Not Achieved




Py

Variables
=32

= 33

.

-

Deviational Variables ‘

i
- d.| =24

R

]
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~ . Since the highest priority was assigned to the maintenance of

' . stable employment to all faculty members, these goals were achieved
without difficulty. Job security, achieved by paintaining employment
stability, is vital, not only to prbvide motivation, but also to
create an envirpnment congenial for higher learning. Once the

basic need of job security is satisfied, the higher needs Fike
recognition become predominant. Thus all goals are achieved except
the desired number of teaching assistants and instructors, and the
two ECPD requirements of quality and diversity.

Since the underachievement of 13 teaching assistants and 6

LI instructors is not large compared to the total number of faculty
in the College of Engineering, this underachievement should not be
of much copcern. On the other Hand, the overachievement of 24
professors without PhD's and 51 inbred faculty for the two ECPD
requirements should be of much more concern, and probably should be,
an area to which the dean of the college may want to focus greater

. attention for future faculty hiring procedures. -

Conclusions '

+

¢

— .- 4
. *From this study it is evidenf that the administration of a
college of engineering can be signifigantly influenced through the
.r . use of goal programming. It is planned eventually to expand this
' stydy by examining a particular engineering college and by
considering additional ECPD requirements such as enthdsiasm, of
faculty, level of scholarship, recognition of students, etc.

- - . -
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) Table 1. Estimation of salaries for the differentCAvegor{es of faculty. o w*
w7 - - - N ~7% " ‘.\ . ‘ !
< nua Year's Next Yedr's -Estimated ’ & [
Category - Average S& 2 Ineréasc Average Salaty B
~/ . . -
Graduste Assistants "3,783 oo 6_
Instructors 10,928 8
Assistant Professor . et
! without D - 12,920 ° 18
. Assistant Professor . . L
with PhD 14,900 - “
Associste Professor T
. without PhD 16,09 -. , 8
Associste Professor T
with PhD 20,866 L o8 ¥
¢ . -
Full Professor - -
. without FAD ' 22,534 .

Full Professor : » A
. with PhD 29,800 . 8 T e, .x 32,4005 . .
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"rable, 2, The ranking of the golis. .
¢ N - e ‘ o /

. lu.n/' . ; Goal

M - 4, : {mlinta?.n current ratio of PhD to non-PhD faculty
. : R - . d}; : .maintain current rstio of inbred to non-inbred faculty
- - . M .
‘ ‘ 2 ] {17 : maintain current level of assistant professors
" dlh : ma}.nEnin current level of associate professors
BV .. N ..

-d19 :, maintain current level of full professors

. ) ’ ;. maintain currently level of part-time faculty .
LT di’ 1-;5, 16 : maintainscurrent levels of faculty in each of the
) .
M :. separate categories .
S . B
. d, . : meet stident load requirements
. ate ’ 2,5 .’ (— ’ -
o . d, : satisfy ECPD quality standards .
i } d3 : sstisfy ECPD diversity standards ’ '
v = . . -
. * ’ ‘ * )
-t 5 dz'6 : .achieve a desirable faculty-student ratio
£ . .

< .

‘ c—/~.. ( i

¢ 6 ' 4y {=21,.2,24 : achieve desirable levelg of faculty~-support °
SAND . ‘ " astsff ratios -
. . ‘
N o . ’ TR [ . .
. ; . 7 . dsallry + do not exceed ‘ﬂ;e budgetefi salary value . .
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AN ALGORITHM FOR FORECASTING

.

, T UNIVEBSITY POPULATION

- » . Al

Background and Literature Review

s Wysk
P. Sadowsk{

- -

In the past two decades, many new statistical techniques have
emerged for forecast¥ng indepepdent demand. Prior to Brown' sl develop-
ment of exponential §moothing.\ar1thmet1c and mov1ng average techniques
were predominant. An even more recent development in forecasting a
time series has been 1ntroguced by Bgx and Jenkin§ 2 -

Since Brown first developed exponential s
has been expanded and embellished to extreme cO

othing, this technique
plexity; seasonality,

cycles, trends and even extrinsic variables have been incorporated with-
in the smoothing context. Most of the modelsithat utilize exponential
smoothing to weight the age of data, however§ are naive models that .
assume independent demand. Oftentimes, independence is assumed simply
to permit utilization of the large number of exponential smoothing
models and conlputer programs which are availablesat 1ittle or no cost.

?

dependence
dence, it
and progyams for dependent demand.’

elf system dependen

.
<

Few models are available which predict demands that aré‘depenoent
on known or forecastab]e information.

This is probably because this
t. Because of this system depen-

The: following model was developed

-

s usua]ly not possible to_create a general purpose algorithms’

for a specific system: a un1vers1ty where demand (student population
in this case) is quite®dependept upon the currept population of the
university, and in particular, updn. that part of the university which

. tends to recycle_ itself into & new class of populus (freshmen hecome
sophomores , sophomores become juniors, etc.).

.

. Severa] flow models of educational systems havet been developed

for planning. At the national level, Armitage and®Smith3 and.Clough
and McReynolds4 have provided recent contributions in this area.
These models describe the growth of a system over time, and they-char-
acteristically relate demands in one period to those in the next by
means of Markov-1ike transitions. Such models make an important con-
ptribution by showing how transition rates can be used to model policy
. var1ab1es and enrollment constraints. These cancepts have provided
the basis for the forecasting technique to be developed in this paper.

-
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During the past several decades, most hniversities'have been sub-"
jected to various periods of growthgg@d decline in their student en-
rollments. Even during times of r ively stabte enroliments for the,
total university, there, have been fluctuations in the student population
of the various segments of the university, such as colleges, schools,
departments, classes, etc. This variability makes it extremely diffi-
cult for a university to plan with respect to ‘the long term commitment
of resources, such as housings~laboratories, faculty, etc.
The Mode] S ' ‘ " _
. . ) 4
There are numerous factors which affect enrollemnts, and thus the
final demand for a university resource. To create a mode] which would
v include all relevant variables to forecast enrollment projections ‘with

sufficient detail and accuracy for microscopic use (classroom size in-
formation) woyld be an extremely difficult task. Although these .fac-

tors may have different effects %on the various levels of enrollment, !
the "aggregate effegt can be treated as a transition value. Further- N

more, many categoriés of the enrollment are fairly easy to predict, at
lTeast in the short term. For example, the enrollment for the junior
class of a given department for a fall semester is primarily dependent *
on the number of sophomores in the previous spring semester. 'Minor
adjustments will occur’ due to dropouts, transfers, etc., but these can

. be easily combined modelled as a trend.

As a class progfesses through the university, it suffers a certain
amount of attrition during each official academic period.  Although «
this attrition occurs throughout the academic period, the accounting ,
procedures at most universities reflect this as a discrete function.
The reasons for growth (or decline) patterns of a class are many; how-
ever, most classes-follow a definite pattern in their progression.

. Utilizing this concept, the growth rate or attrition for a given class,
as it progresses from one transition period to the next, can be ex-
pressed as a fractfon. If one further assumes that this growth rate |
remains fairly constant from one year to the next, regardless of the *
class size, such a value can be used to predict future enrollment,

' - This Edhcept can be expressed mathematica]iy by defining a matrix,
Ey» which contains the enrolImert values of a given university segment
for the academic year staring in year k. Thus, v
~ P '4
/ eij(k) = the eBrollment |in the ith time period for the jth
o class of the academic year staring in year k, )

where ,L\\l/

'i:].,...,m . 'Y
1 i=1,...,n '

. i .
Normally the value of m would be two (semester system) or three
(qgarter system) and the value of n would be four or five {most uni- .-
veYsities operate either. four or five year programs). The growth or
transition rate can be expressed as a similar matrix, T . Thus,

¢ A ; -
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tﬁj(k) the transition®rate of the jth class of the academic
.year starting in year k as it progresses from the {th
— . " to the i+l time period;
! * or- ' ’ - / . °
ifi=l, .. . o m-1

~

. « -~ A . 0.= . .‘
R S 3,00 83,000 FordEh e 8 )
iJ(k) if i=m . ° . g " - / .
. CLGHL (k) g, (k) fOr 3 el 1)
. 2 o .
where (1) is the transition rate from semester to semester_and (II) is
the transition rate from one academic year to the next. acgmic year
In order to obtain the enroliment projections or f?recaats for the ne t
time period, the appropriate’ transition rate is multiplied by the cur-
- . rent enrollment.' Thus, .
@< .
f}'(k) = the forecast for the ith time period of the jth
J class of the academic year staring in year k, -
_or : ' N -
[ if i=1 - \ '
' . tm,j-l,(k-Z)* em,j-l,(k-l)’ ~f’-OI“ j=2, P (|
f5007 | ifi=2, M .0 . y
‘ \ t.'ajj)(k"l)* ei'ljj)(k)’ for J=1, T ,.n w\
. e

A]thquh the notation becomes rather awkward, the concept is qui'te
simp]e. or mple, assume that it is des1red to predict the.enronl
nﬁ in a g ven department at a un1vers1ty which has, a four-year pro-
gram (n=4) under a semeSter system (m=2). Further, assume that the
current time period is the fall semester (i=1) of the academig year
starting in 1977 (k=77)"and the department enrollments for the. past

three semesters are as shown in Table 1.

> -
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|
i . - .
; - -
| 7 —
. - Academic yeax X=T6 . k=76 k=76
| v’
Semestér Fall (i=1) Spring (i=2) Fall (i=1)
- '\ -
N N ) '
.| class, J=1 ) 200 - 174 215
. s=2 155 ETTAR " 160
3=3 165 ° 158 - 170
J=b 150 7 | . s . 152

. ) Table 1., Enrollment Data, eij(k)
/ . o .

’ .J " 15 M £ 2 . 3 l}

®1,3,(16) 200 155 165 150

' ®2,3,(16) 1 14y 158 abs
.o 1,509 | O8O 0.929 0.957 0.966

. el »J 9I(77) i 215 M + 160 170 152
1"2,3,(7‘{) 187.05 | . 1k8.64 | 162.69 | 146.83

0
.

/%
Table 2. The Spring Semester Forecasts
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-Using this data and the preceding model, the enro)Iments for the
spring semester of the 1977 academic year are forcasted as follows:

AN f2,5,017) = tg,08) "5, 0m for L e d

-

where o

t1,5,(76) T ®2,3,(76)/%1,5,(7)  forITh. oo 4
The results and computations are shown in Table 2.

These forecasts for the spring semester could then be used to cal-
culate forecasts for the fall semester of 1978, which could in turn be
used to forecast the enrollment for the spring of 1978, etc. There are

. two potential problems with using such a technique, particularly if

forecasts beyond one year are desired. .
. -

. The first problefn is that the forecasts for a faf%f;emester do not

- include an estimate for the freshman or first class, For example, the
fall 1978 forecasts would not incJ#de ah estimate fOr the first year
class;, the fall 11979 forecasts would not include an estimate Far the
first and secoMdwyear cldsses, etc, Therefore, in order to obtain
complete forecasts beyond one year, estimates for the successive first
year Fall semester enrollment-must be created. There are two ways to
accomplish this. One method is to estimate thase values totally inde-
pendent of the transition concept. For example, a ‘smoothed projection
of the previous first year classes, or simply a best estimate can be
used. An alternate method would invo]ve,using the expected, or known,
number of applications as a dummy spring enrollment for the j=0 class,
and then using the transition formulas to project the fall enrollment.
In this case, the transition value, t3,1,k» would obviously be Tless .
than 1. The second method could be particularly useful if the intent
is to limit the projected enroliment. !

. .
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The second problem associated with using such a forecasting method
is that a large one-time increase or decrease could lead to inaccurate
forecasts for the next academic year. Ideally, the computed’ transition
rates should be as representative as possible of the next time perjod.
One method of achieving this would be to smooth the transltion rates by
using a moving average or exponential smoothing techniquel. Exponential
smoothing is a special kind of weighted average which is suited for
data processing applications. The most current estimate is a weighted,
sum of the last estimate and the trend occurring in the most recent
period. . <

Applying the technique of gxponential smoothing to the transition
. rates would yleld the following: .

Bt ™ #tig00 4 00

:‘Tu(i-u)z . . -

. 2
T R L) TN

-

or, -
] M ’ [] * ’ ’
' C Hs T ot Y (e )
- where - . i : - .

1
the smoothing constant, where 0 < a < 1

[=]
[}

%j(h& the smoothed transition rate for the jth class of
the academic year staring in year k as’ it progresses
. from the ith to the i=1. time period.
*By varying the value assigned to «, more or less weight js ‘'given to
the most recent transition rate. Using this concept the smoothed
. transition rate, t!'(k)’ is used to compute the forecast, rather than
the calculated’ H transition rate, tij(k)' .

At this point, it is important to note that this concept repre-
. sents a substantial departure from normal forecasting methods. Apply- ~
ing-exponential smoothing in the normal manner would lead to a fore-
cast which would be a weighted average of the past enrollments. The
concept presented here provides a forecast based on the most recent
enrolIment and a weighted. average of the transition rates.

o

Model Verification

In the development of a prediction model with potential applica-
tion in the real- world, the accuracy of the results must be considered.
This accuracy is obvious]y somewhat, dependent upon the application and
method of application. The most common, and-probably the best, way of
establishing the accuracy of a forecasting technique is to actually
utilize the tebchnique in a given situation for a number of time periods
and compare the,forecasted,values to the actual values. However, if
sufficient historical data exists, this data can,be used to assess

. [
.
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the accuracy of the technique over the time period fow. which data is
available. This procedure was adopted for.the verification of the pro-
posed technique. Two similar situations with fundamentally different
applications were considered. The first ipvolved the prediction of
dormitory housing requirements at the University of Massachusetts,
while the second involved the prediction bf undergraduate enrollments
in the School of Engineerin at’Purdqg.University. Actual historical
data was used in both situattons. N -

B ¢

The forecasting technique was ‘initially developed for the housing
office at the University of Massachusetts during the early seventies
to forecast future dormitory housing demand. One of the major func-
tions of the housing office is to minimize the.dormitory rates by
maintaining as high an occupancy level as possible, so that oyerhead, .
expenses can be spread over a large populus, thus making the dormjtory
system more affordable and appealing to Stadents. As an aid to #com-
plishing this task, the previously presented forecasting technique was
developed to predict on-campus dormitory demand so that regulations
could be adjusted to maintain an appropriate occupancy level.

Thé University of Massachusetts,blike any other university campus,
contains a number of variables that affect its enrollment, and thus,
the final demand for dormitory housing. The actual forecasts were cal-
Gulated by copsidering several independent”segments of the university
population, each of which has a unique effect on the housing demand.
Four basic categories were considered: married undergraduates, non-
married veteran undergraduates, non-married.ahd non-veteran undergrad-
uates, and graduate students. In addition; each of the above categories
was further divided into male and female. - +

Utilizing available historical data, forecasts by class and semes-

) ter were computed for each of the resulting categories. Historical in-
formation as to the fraction of each group that actually patronized
university housing was then included and the resulting values combined

. to obtain a single forecast representing the total housing demand. Un-
fortunately, only a limited amount of housing data was available for
. verification. Forecasts were computed and compared to actual housing
demand .for only one academic year, or-two semesters. Rather than .
attempting to forecast a single number for each semester, a range of -
values was calculated by utilizing multiple values for the smoothing .
constant.(a-= 0.2,70.3, 0.4, 0.5). The fall semester forecasted
range was 11,572 to 11,789 with an actual occupancy of 11,417. The
spring semester forecasted range was 10,431 to 10,521 with an actual '~
. occupancy of 10,661. Although both of the actual octupanly values
fell outside the forecasted ranges, the first below by 155 (1.26%)
and the second above by 140 (1.31%),. the forecasts were considered to -
be quite accurate as compared to previously used methods. Also, for .
“ the magnitude of the numbers under considerationy the range is rather -5
small, less-than 2% and 1%, respectively. .
An alternative method of obtaining a range of ‘forecasted values
would be to usq a singje value for the smoothing constant and then
use an absolute or relative deviation about the calculated value. If
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this method'is adopted, the user should be cautioned in the selection N
of a smoothing constant, since the final forecasted value consists of ~
a'compogite of values, each of which may react differently te varying

v values of the smoothing constant. The potential user should be aware

that as the smoothing constant is increased, the amount of weighting

given to the most recent transition rate is also increased. In the -

Tong term, it is recommended that a d¥#fferent smoothing constant be

considered for each category in the model. This may provide a more

accurate forecast as the user gains expertise with the technique.

Since only a limited amount of data was available from the Univer-
sity of Massachusetts application the authors felt it was necessary to
further test the techniquefinan attempt to provide better verificgtion
of its accuracy. To this end, ten years of historical data were ob-
tained for the Schools of Engineering at Purdue University. During
the time spanned by this data, some rather substantial enrollment b
changes occurred due to the changing economic environment over the ten
years under consideration from 1967 to 1976.  Thus it was felt that
this would constitute a rigorous test of the technique. Five different
enrollment categories were chosen: the total engineering enrollment
and the enrollment for each of four different schools, ranging in size
from large to small. For each category, forecasts were calculated by
class (n=4) for each semester (m=2) using five different values for
the smoothing constant (a =,0}}, 0.2, 0.3, 0.4, 0.5). *

The first five years of data were used to allow the system to
approach a steady state, and statistics on the accuracy were collected
for only the most recent five years. The results were quite variable

and a ﬁ%§:ed to be very dependent on the population size as well as
} the: ¥alue\of the smoothing constant, a. Because of this apparent de-,
pendence, the results will be discussed- separately.

The forecasts for the total engineering enrollment were by far
- the most accurate. The average error ranged from a low of -1.16% to
a high of 29.14%, depending upon the class, semester,.and smoothing
' constant. The most accurate results were consistently achieved for
*a = 0.5, which implies that the most recent transition rates should
be given a high weighting when computing the forecasts. For a smooth-
ing constant of 0.5, the average error ranged from a low of 1.16% to +
~a high of 5.55%, with an overall average error of -3.77%. The largest
.errors were found to occur in the prediction of the sophomoré class,,
for both semesters. A possiblé red¥bn for this is discussed later.
. The enroliment values, by class, for this category ranged from approx-
imately 900 to 1600. . , " . .
The forecasts for the four individual schools were not as accurate
as the total enrollment forecasts. Again the best overall accuracy
was achieved for o = 0.5 with the gverage error ranging from a low
of 1.26% to a high of 19.88%. The highest errors consistently occurred
' in the prediction of the sophomore class. The awerage errors for the
junior and senior classes were always less than 8%. The enrollment
values, by class, for these categories ranged from approximately 408 to
300 . y
< ' . v . ’
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One of the reasons for the high error in the prediction of the sophomore
class is probably due to the student classification system used by Pur-
due, A1l first year engineering students are classified as general
engineering students. Only after they have completed the general engi-
neering requirements are they classified in the school of their choice,
This normally occurs at the start of their second year, byt may occur
much later. Thus, the basis of the sophomore forecasts for the schools
was the total engineering enroldment. This could account for much of
the error -at this level. Also, external factors,. such as the job mar-
ket, have had a substantial impact on eng1neer1ng enroliment in the
past several years. .

Summary ,

The accuracy attained using this a]gor1thm may not be as good as
desired (after all, the exact enrollment is what one seeks.) The
method, however, was found. to better existing techniques for forecast-
ing student popu]us. In addition, a relatively small amount of un-
stable data was used to verify the model. It is quite possible that
fine tuning this technique with gained experience could result in much
greater accuracy. From this experience, it is possible to build a -

- history to place confidence 1imits on the forecast.

Another use of this technique, previously not mentioned, would be
to forecast the dynamics of a university. For instance, if a univer- =~
sity was to suffer an-unexpected attrition, should ,it allow a very
large freshman class to enter? If it does, how much room will there
be for future freshman classes? What would the final effect be?

To summarize, it appears that this technique offers reasonable -
forecasts as is. With time, the forecast could be improved and con-
fidence limits assessed. It also appears that the dynamics of a .
university can be studied to assess dec1s1on policies that may have
an adverse long term effect,

v
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. COST AND -ORGANIZATION
© .. "IN ENGINEERING COLLEGES

-

. . P. G. Xirmser
L. E. Grosh
N R. G. Nevi&s

' Everyone seems to be concerned with the costs of higher education these
days. “Accountability" and “"cost-effectiveness" are now favorite
words, and political weapons as well, of many administrators in educa-

- tional institutions. ‘

We in engineering colleges are newly sensitive to suggestions of
high costs and inefficiencies in our operations. In the past 20 years
we have seen bulges in enrollments which strained our capacity,
followed by steadily declining enrcllments. The study of engineering
seems not to be as attractive as it once was, although new engineering
graduates still receive more job offers and are employed at higher
salaries than most other new ﬁraduates of our universities; predictions
are now made that many more ehgineers will be needed within the next
few years than will be graduated.

True accountability ‘and cost-effectiveness are not the costs per
credit hour dr the number of students per faculty member, which are
the standards commonly computed in detail and offered for comparison
-of efficiencies in education. It is 1mpossible to include the most
important factor in determining what is received per dollar of cost--
quality.

. As in many industries, high cost graduates may be cheaper per unit
of output received than cheaper ones who can produce 1little or nothing
of value. It is possible to discuss several factors affecting effi-
ciency of the operation of engineering colleges without mentioning
quality, and it is the purpose of this article to do so.

It is standard knowledge in engineering that maximum output occurs
when all production lines are bafanced and run at constant maximum
speed.

Suppose that all gourses in a]l degree-granting.departments are
‘required and given in sequences withouf replication, i.e., course
requirements for every degree are completely specified, invariant, and
offered once in sequente so that students are lock stepped into the
curriculum they have chosen, and are required’ to maintain the schedule
by the standard progﬁram. ‘

~

~
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Suppose further that each faculty member can teach--and has com~ *
pletely under control--three courses, and that equal numbers of stu-
dents are admitted each semester 1nto each curriculum leading towards
a degree. The number of fatulty which then would be requ1red by a
proposed conventional curriculum at Kansas State University is given’
by the graph (shown in figure 1) for various numbers of students
“admitted each semester into each curriculum, i.e., students per major
per semester. It is assumed that one section of each class is taught
“unt11 the capacity of 25 per lecture section and 12-25 per laboratory
section is reached, and that each faculty member can handle three
courses. * o

The number of faculty required increases slowly as the total nym-
ber of students increases, because there are a few service courses
taken by all majors. These necessitate the use,of multiple 'sections
at smaller total enrollments than occur in courses offered in the
majors. A large jump in the number of facuﬂty requ1red occurs, when
single section capacities are reached in the majors.

It is obvious that 1f student admissions were controlled to fit
the course requirements, capab111t1es and organization for efficient
use of the faculty, great economies cquld be made without changing
the quality of instruction.

Approximate Behavior of the New.Curriculum

About two years ago our industrial engineering "department mode]ed
our then proposed new curriculum to see how the number of faculty
needed to'man the courses required would vary with changing enrollments,
assuming the fractions of students enrolled-in the various curricula
remained the same, and the courses they tqok were distributed according
to that which actually occurred in the spr1ng semester of 1971. The
students were distributed as shown in table 1

The faculty required was estimated on full- t1me equ1va1ents of
nine semester cgpdit hours of rec1tat1on and six semester credit hours
of labora ections were limited to 25 in lecture classes, and
12-25 in the laboratories. The proposed new curricula required a total
-0f 134 courses in the College of Engineering, of which 90 would be,
offered in the spring semester.

“The faculty required as a function of enrollment was determ1ned
for enrollments of from 600 to 1,400 students in increments of 200,
and pldtted as curve Fp in f1gure 1.

- . .
In an effort to estimate the ef s of introducing core turricula

which would include a total of 104 courS®®, of which 67 would be

taught during the spring semester, the same model, limitations‘on sec-

tion enrollments, and faculty teaching loads were used to determine

the number of faculty required as a function of total enrollment.

This number is shown asvcurve Fc of figure 1.
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It is seen that this core curriculum would be more efficient than -
* . the new curriculum only at student enrollments of. fewer than about 800.
*  ‘As the current undergraduate enrollment at Kansas State ¥s about 1,000,
- Jittle change o efficiency would be made if these curricula were
adopted -instead of the:new.one proposed. .

Impedance Mismateh in Versati]ii:y:-Avh;ore Realistic Estimate of
Faculty Requirements :

» . 0% : . ~ ’ .
The curves F. and Fy show the faculty needed for the spring-semes-
ter only. What e?‘fect,gif any, does the fall- semester, have on the
total faculty required?” \

v . :
2 A faculty member cannot be used efficiently in low enrollments
- gituations unless Me can teach a number of different courses equal to,

semesters' full teaching Toads.
teaching lToad according to many college administrators€-a facul-
%ty memberwould need to have six different courses under-control to be
. really efficignt. * It is unreasonable to expect facdulty members of
.. engingering colteges to be this versatile.

e Engifeer'tng col
members to man their
. than are required by“th

1 enrollments require more facu%ty
dluse of differing course content, °*
ers of students in individual courses.

- N 5y - . /o . . ;

te, . The curves in figurg 1, extrapolated to zero enrollment -(with the -

- assumption that each facylty member can teath three djfferent ourses)
show that a significant number of faculty. members would .be

man the courses required by the curricula, offered even if /they *were-

‘s

P % 5z ) a .

At threg courses pér semester--a ™

presented~to empty classrdoms. . .,
A certain ,m?'n.imum‘faculty is needed no .matter how 1pw enrollments
fall.. . N * . \ . . .
> Several ,simpJe'fractions can be used as; measures of,thgfmaximum
efficiency with which a faculty member can be used. | ' e
$ = - ° : S o.o ~- :
. s These are: ) "y - )i ,
g s - (& .
\ K/2L = fractional teaching-toad made up by teaching different
7 " courses without repititign; and* i
1-K/2L = fractiona] tegchifg load whichmust be madé up by repi- =
£ ) tition of courses or other duties, . .
- " ‘where ) e 7 . . 2ot ‘, i’ R L
- . K= number of-different Eou‘ryz_a‘ faculty member (':‘:én teach. -
L™= number of courses which forms a-full teachging 18ad in one-
‘ semester. “e RN T
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- L) . . )
. let R " )
. Y =the total number of required courses. . . °
"R = the number of required courses offered for "regular" students
s » . in a given semester. L .
. <, ’ , >
. A M = the total number of required courses o fered in a given
: " - semester. . '
) * To attam max imum eff1c1engy, M should equaliR, and R should be. R

-+ half of N, for this would keep the smallest number,of faculty at full
. teaching 1dads for both semesters whﬂe teachmg %’L different courses.

s ’
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Table 1. Distribution of Enrollment into Varicus Curricula

‘\'

Curriculym * Semester Number )
Identification T “ )
: Number™ w. T2 4 6 . .8 - (l
500 . 80 0, 0 0 .
. " 505 ' Y2 - -5 13 - 14 Yy,
v - ‘520 ) 24 24 28 21
o 525 ° . 40 . 24 35 48 ‘
‘L 530 ~ . 66 6T 71 AR TR .
v 550 8 15 2% 23, .
. . 560" . 39 . 53 57 © 65 “
580 ¢ _ ~ 29 18 . 15. 21 /
- . W~ i .. . -
3 N e . hd
. 298 + 200 . 243 263
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Using subscripts 1 and 2 to designate spring and fall semesters,
respectively, it is obvious that
) ¥ M~|+M23_N '
"Wwith the equality possible practically if, and only if, the 1ock-sfep
organization is uséd. To accomodate irregular students, it is neces-
.sary that M be greater than R, ° .

:This inequality appears to hold for all engineering colleges in
the United States, with the exception, perhaps, of the military aca-
demies. ¢ - . .

1t could be argued that a measure og inefficiency of use of the
instructional staff is , . -

H-R) -
2 (M52 ),

which is the fraction of total course offerings made in excess of those

required for the regular s.i ents.
We hypytiiesize thht . .

) 2(ﬂ—,]—<)=1-x/2L

tends to ho]g for small cof]ege enrollments, i.e., the impedance mis-
‘match between the versatility required of a faculty member for inef-
ficiency and that which is reasonable to expect of him tends to be

-

made up by replication of enough course offerings to make up full-time

teaching loads. .

?

The alternatives, of course,.are to keep faculty memibers busy at
sponsored research or other duties (such as teaching small graduate
classes which could not be justified on economic grounds) , while _
waiting their turn to teach required courses they know how to teach, «
in another semester’. :

=~ The efficient use of faqu]ty is not the. only consideratiqn in or-

ganizat4on for over-all efficiency. Some courses must be offered each "

semester toraccommodate irregular students. The above equation should
be modified to read .

s

ZM_'._B.-].~ K ——
(N R U VI S

whare k is the fraction of the teaching load L, consciously used to

_accommodate the irregular students to increase the efficiency of use

of their time. .

We believe that K is normally 3 to 4, L about 3, and k about %.
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‘Thus, the curves F, and F. of figure 1, wh1ch show the faculty
needed to man the courses offered in the spring semester, are unrealis-
tic measures. While these members are teaching courses they know how
to teach, others must be wa1t1ng their turn to teach different required
courses the next semester--courses wh1ch the current]y teathing faculty

_cannot teach well. . C s

S
A more realistic measure of the total number of faculty required
is ’

- N ; ’
.. Q'MF-" » C e
The factor N/M is the ratio of the total number of required courges
to that offered in a given semester, The curves Qn and Q. show this

more realistic estimate in figure 1,

(\\\ are

- o

and . - . Ve

- c _ 1000 .
. Fn'(a+bn+n_d)-4.3+0.0445n+n_400)n1690)

and..for Q, and Q¢ : ‘ .

‘“
B N =.'!n ¢ = ) v
, : O =y (@ * b0+ g
g 134 1000 °
. 131 (4.3 + 0.08a5n + 100y, n > 600

- Qe = %g (a+ bn) = ‘0“ (4.3 + 0.04450), n 2 600,
‘A -
where F and Q are numbers of faculty, and n numbers of students,

The total faculty required for the more realistic estimates Qn
and Q¢ are given in table 2.

] ’

! Table 2. Total Faculty Required

. Enrolimgnt
. 600 800 . 1000 1200 1400
. Qn © 54 63 75 88 101
Qc 48 62 76 90 - 104

The number of students per faculty member are given in tabTe 3,

N

Formulas for Fp and E¢ which fit the data obtained from the model

‘ Fc =.{(a + bn) = 4,3 + 0.0445N; n > 600, 2.

B * -

“




Table 3.; Students Per Faculty Member. ‘

y ) . Enrollment

600 800 1000 1200 . 1400
Y. "R L P R 130 13.7 13.8"
n/Qc 12.5 12,9 ~ . 13.1 13.3 13,6
’ The costs’ per student credit hour are eagily,computed from -
t !
_ (FTE)$ .
- 0= Icr;n
< where o '

[N

C is the cost per student credit-hour, _,
(FTE) is the "number of faculty, Qn or ¢,
(cr) is the average number of credits taken by a student,
n is the number of students, and

$ is the average salary per faculty member.

Cests per student credit hour as‘cohputed from this formula for
various curves of figure 1 aire shown in table 4.

The costs per studentléredig hour shown in table 4 were computed
assuming $ = 16,000, and (cr) = 16. N

\ Cost§ per student credit hour Must e used with caution. Using
Fpn in the formula yields

T a3 . ‘ .
) ) ¢ = (22 + 0.005) (éﬂ). .

1f n>1000, 4.3/n <0.0043, and the part of the cost which varies
with n is less than ten percent of the cost per student credit hour.
Thus, this index is a mixed one--it depends on both the slopes of the
(FTE)-~n curves (which have something to do with efficiency) and on

n (which by itself does not). g .

o

-

This weak dependence on n is apparent in table 4. It indicates
that costs per student credit wour for similar curridila at different
institutions should be compared (with caution) only if enrollments,
curricula, average student course loads, and average faculty salaries
are nearlyalike. . .

S
. Gosts per student credit hour are often unrelated to total expen-
ditures. What does it matter if a few credit hours are very expensive
{f the total is an insignificant fraction of the overall cost? Rela-
tively few expensive graduate student credit hours may provide for a
© 80 g . - o
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Table 47 ° Costs Per Student Credit Hour.

-

Proposed '

Enroliment New Curricula Core Curricula

Qn : Fn Qc Fe .

. (L i -

600 $90 $60 $81 $52 ~-
800 - 80 54 78 50
°1000 ° 77 49 77 50
1200 “75 49 76 48
qoo 74 46 - 76 v 48

. . ‘#g
much cheaper overall cost per student credit hour by providing graduate
student instructors as teachers _to extend the productivity of senior
faculty. A cheap product can be good and reliable if the few essential
parts, while expensive, are of high quatity. It is not necessary (nor
true) that the best inexperisive product be made entirely of the
cheapest possible parts. . \\ -

The Place of Core Curricula

" The curves, which are only qualitative in spite of their analyti-
cal character, indicate that the core curriculum would be more effi-
cient than the proposed new curriculum at enrollments lower than 800.

The surprising finding that the core curricula investigated re-
quire a larger faculty than the proposed new curricula is dye to the
fact that the two curricula have not been compared under equivalent
circumstances. The multipliers N/M, which account for the versatility
impedance mismatch of the faculty, were taken to*be somewhat different
for the two curricula (inadvertently, for the comparison was made
before the mismatch was recognized). .

It is to be expected that (FTE) for both the proposed new curri-
.cula and the core curricula examined should converge as n increases.
When the student body is large enough, the number of faculty required
depends only on the limits chosen for class size, and curricular .
structure has little effect on efficiency in this case.

1

Colleges of engineering are organized the way they are for his-
torical and political reasons. The traditional division into depart-
ments,” which is encouraged by the founders' societies and accrediting
groups (in spite of increasing overlapping in teaching and practice
brought on by the better understanding of nature now expressed in
-generalized theories), was efficient when enroliments at colleges
such as ours were at about 1,400. It is bkcoming marginally efflcient

v as enro]]ments‘deérease. - .
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A completely uhrelated factor--the nationwide proliferation of .
junior colleges--also makes some core curricula appear attractive. It
is likely that increasing numbers of students will enter engineering .
curricula as transfer students from these junior colleges. Engineering
curricula should be organized to make- this transition as smooth as
possible.

The traditional structure becomes naturally less efficient as en-
rollments drop. This is true not only for the reasons previously dis-
- cussed, but also because the easiest way to maintain departmental work:
loads as the number oj%§tudents decrease is to require that curricular
students take more codfses within their-own defartments. Who can dis-
pute spccessfully the argument that each department knows what is best
for its students? And which faculty admits that it cannot teach its,
own students better than any other? Or is unable to select 90 lectures,
45 at a time, to design any number of "special" courses “particularly
tailored" for its students? In a time of declining enrollments every
degree-granting department tends to become a self-contained engineering
college which is guaranteed to be inefficient.

The Place of Service Departments in the Present Structure

-

The present structure of traditioﬁa1 engineering schools is shown
in figure 2. There are usually six to eight degree-granting depart-
ments and/one or two’service departments, if any. N

. Because of this structure, service departments have -always been

. in poor political pgsitions within universities. They have no students
of their own and are unable to keep degree-granting departments from
absorbing the content of their courses, to maintain teaching loads in
the presence of declining enrollments, Although many service depart-
ments have disappeared, their cpurses-have re-emerged in other curricula.

Modern engineering analyzes, synthesizes, and designs by using ,
mathematical models. The construction of such models is not natural--
novices must learn a foreign language (mathematics) and use it to
describe realities newly experienced in engineering laboratories.
Service courses should be those early ones in which students learn how

® to fit mathematical models to physical realities. In particular, .
mechanics colrses are the oqly ones in which students c¢an make descrip-
tions built on past experience involving their own senses.

/

; The essential inefficiency which occurs in colleges of engineer-
ing with traditional structure and fewer than 800 Students is that the
departments form too many subdivisions and offer too many courses which
increasingly overlap those taught in other;departments. ¢

. f .
An administrative departmental structure, such as shown in
figure 3, may have advantdes, provided thére are fewer service
departments than curricula, .

In an organization such as this, each faculty member would belong
to two groyps--a curricular comittee and an administrative unit. The
curricular canpittee would, as in the traditional organtzation,’
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recommend gourses and establish curricula. These are academic matter
+ . and, as before, who knows what is best for curricular students? This
structure would satisfy most external political interests. But teaching
would be done only within the administrative units, with courses and
faculty assigned according to economic policies established by the

dean. « .

This organization would provide University addinistrators with
real means for mainlining engineering instruction along modern direc-
tions and for increasing the effici®ency of collegé teaching. The . -
separation of the curricular committees from the administrative units
forms the real strength of this organization, for it allows honest
confrontation between the committees for establishing degree require-
ments without allowing direct economic benefits to accrue from deci-
sions supposedly made for academic reasons. - {

These administrative units could be the most important defenses
against proliferation of engineering colleges Within a university.

A Few C]o'singx Remarks (Some of Wnhich Have Been Substantiated)

- : , With conventional structure and curricular uirements the

*  minimum enrollment in colleges of engineering shoyld be more than
1,000 to attain reasonable efficiency. It appears:that for class size .
jimitations of 25 for lecture recitation sections, and 15-25 inv ° .
Jaboratories, with seven degree-granting departpents and oneéservice
department, maximum .efficiency can be attained with an enrolyment of
about 1,200 or more. . . . ’

"Higher efficiencies of instruction would be obtained with core

curricula at total enrollments of 800 or fewer. ° .

- . Costs per student credit hour are not very good indicators of
efficiency. The real cause of inefficiency in teaching at small to!.&
enroliments 1s an 1mpedance mismatch between what a faculty member’

. must be able to teach for,maximum efficiency, and what it is reasoTa-

I ble to expect of hm. . - s

- The development of versati]it} should be encouraged among the
faculty. Core interest groups, the teaching of small graduate

classes, exchange of .faculty -among departments, and individual research .°

all tend to increase versatility. Small graduate programs which are . :

impossible to justify using cost criteria alone are among the things

which increase the efficiency of instruction in the.long run. In a

. certain,sense théy are almost free as they can be of by-products qf

the versatility mismatch of the faculty. .

Attempts to increase efficiency by deleting single departments
are likely to reduce total expenditures without changing efficiency
mueh. Less money will be spent, but that which is spent will be used
about as:inefficiently as before.
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T Oi/eraﬂ efficiency would be improved by closing enough engineer-
ing colleges to cause minimum enrpliments at the remaining ones to
rise to at' least 1,200. If this is not possible for political reasons,
shifts to core curricula should be made as enroliments decrease:
below 800. . - ‘ b »
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HOW DO ACADEMIC ADMINISTRATORS
SPEND--AND THINK THEY SPEND-- .
~ " © - THEIR TIME?

. N A. E. Magana .
. b * B. W. Neibel '
Pennsylvania State University -
- . { .
' With the large number of different activities that occupy

administrators of engineering education, it is difficult to

determing how much time should be allotted each activity in order to

maintain high overall effigciency and perfor%%nceu. When an

engineering dean or Eepaqtment head becomes frustrated with his T\

»

reduced scholarly output ‘or performance, he may feel the need to
employ an administrative aide or assistant to help relieve”him of a
portion of his more routine assignments, so that he can put a larger
share of his energies toward research, teachiny, professional
writing, and other professional work. -

‘ »
.

~ Inorder to find qut how the typiga],engineering education
administrator thinks he distributes his time and how these values
compare with actuality, a study-was undertaken. A questionnaire
was completed by a group of administrators and a work sampling study
was carried out. It was felt that-if an administrater could
simultaneously compare how he was spending his time with how: he
thought he-was spending it and how he should be spending it, he would
have the facts to make some constructive changes in hiS work '
procedures. These changes might involve.a forced chapge imbhis
work schedulé, a reassignment of priorities, a _further deléwation . ‘
. ‘9f responsibilities, or the émp]oy@ént of an administrative
istant’or aide. . ) ,

- ' SNy
: this investigation the work performed by engineering :
| admipistYators was classified into 19 categories: . wd

research, including thesis ‘supervision
teaching (both graduate and undergraduate) . : (
professional writing :

routine dictation . . N

planning -~ -
professional reading

advising ‘ : . -
university meetings )

- . college meetings - L . ’/l -
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. 10. "department meetings
11. administrative \
12. routine clerical . : ¢
13. professional consultation %
4. talking with manufacturing representatives
15. course preparation °
16. zontinuing education
17. Visitation &
18. personal
19. other - ’
Sixteen engineering adminigtrators participated in the study.
- Ten of these were heads of engineering departments and six were deans
in a college of engineering (oné dean, one associate degéﬁand four
assistant deans). ’ . .

-

Each of the 16 administrators was asked to complete a )
questionnaire which listed 15 ac¥ivities. (The fifteenth activity,
included course preparation, continuing education, visitation, :
personal and other). The administrators were asked to record the
percentage of their time taken up by each of the 15 activities.
They were also asked to state an ideal percentage of time to be
spent on each of the activities. .

In the work samp]ingrstudy of the 16 administrétors 150
random observations of edch administrator were made over a five
week period’, resulting in a total of 2,400 random observations.

The survey required six random observations per day Monday
through Friday (six observatfons/day x five days/week x five weeks).
Since the various administrators were remotely located in relation
one to another, their secretaries were telephoned at the
. appropriate random timg, and they asked 'their supervisors exactly. .

what they were doing at the time of the call. A table. of random -
numbers was used t0 determine the exact time of day for each
telephone call. Although this method of data collection was not .
ideal, it did permit making the study over a relatively short
period of time and no personnel problems arose from the repeated
queries as to what an administrator was doing at a particular time
of day. :

EN @ -

Do_Administrative Aides Change the Picture ) -/ s

-

As some of the department: heads did not have administrative
assistants, we investigated whether those department heads with
administrative assistants were spending a significantly higher
proportion of their time on professiopal. endeavors. The study
revealed that, on the average, the eight administrators with
inistrative assistants were spending more time on research, ) -
sis supervision; teaching, and professional writing than the -
efdht administrators who did not have assistants. The difference
in how the two groups were spending their time was significant at .
the 0.10 level. ’ ’
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Table 1 reflects this trend. It also shows that administrators
without an assistant are spending more time on advising and have less
time to participate in university meetings and course preparation.

The seven work activitied (research and thesis supervision, -
teaching, professional writing, advising, university meet1qgs
professional reading, and course preparation) were considered to be
of major jmportance and of a professional nature that in combination
should occupy the typical engineering education administrator at least
" one third of his time. To determine whether deans and department
heads wi€h administrative aidds divide their time differently from
those without aides, a test of means using independent samples was
made. Assuming norma11ty, the t statistic for testing the significant
; t]h;{erence of two means was applied. The computed ve&ue of t was

v .
’ th at fourteen degrees of freedom = 1.345 . *

?herefOre "at the 0.10 level we feel that there is a s1gn1f1cant
difference in hou,the two groups divide the1r time.

In order to estimate the average préportion of time spent on the*
aforementioned professional activities by those with an administrative
aide and the proportional decrease in time among those without one,

// a one-#ay analysis of variance was made. The technique used is
referred to as "multiple regression with dummy variables* and
useful to analyze the impact of qualitative data. N

Arbitrarily it was decided to assign x; = 0 for deans and

department heads with administrative aides and Xy = 1 for those .

without aides. The one-way anglysis of variance library program,
QSASE., generated the following regression equation from our input
. data. N

= 34.27 - 714035 ' ' -

8y subst1tut10n in this equat10n, Xy = 0 for the group with
administrative aides and X, = 1 for the group w1thout administrative
aides, the average proportion of time that each group spends in
profess1ona1 activities can be estimated:

Y 34.27 - 7.403(0)

0 34.279% . - .

Y 26.87% '

"
"

1 34.27 - 7.403(1)

We therefore ‘estimate that 34. é)% is the average time spént
by deans and department heads with administrative atdes on
professional activities. The partial regression coefficient
(b = -7.403) indicates the estimated average decrease in the proport1on ¢
of professional time spent by deans’ and department heads without
administrative aides. . . .

< . . ;

[Elz:i(:‘ i E) {) .

.
T s . N C




ERI

Aruitoxt provided by Eic:

- . T e e T ode
. 7 ~ . . -
. ~ “~ - [ .
' . T ' ' . . - [
! ~ - v ’ \ . ?
. - « > 8 we
o B . ¢ . s
=3 , . A} . : * ¥
< . . o ot O w Yo
' . . gem, 383 .
) - 4 A 1 - Y X v =< .
- n -3 [ L
- . Tt V3 O Yonfan
N N . ‘ & - % -+ w0 -
. V . vt SEIBO et =3
~ . , ~- . e3> O3 T .
. , ngn-:-w:gm; <
' : - - ‘- : GRS JBEx g
n - g . - v - e 3 T =9 +
Table 1. Dustribution of Time by Administrftors with and without Ad istrative A ﬁ 3 5‘ ® o, a 3 3
' BFog “*8=zd .
-Jeachmg s ™ \ ‘ 288 «L® <.
% Rewarch™  (Graduate Profess Unwv Protess . Course < %8. = % as
& lhess & Wnting, Advising Mecting Reading ™ Prep L w3 3, —¢ v
i Supy ! Undergrad ) B . g 2 o i ‘_n.g
. Adminstratars With Assistant . ‘ il 1 a2 3% 33
' T 3 : 389 Ieac
i Do VIR 0 00c. 0865 000% P72, 9.4K¢ 25K, 8™ 3°%5%
7 1o x27 * 37 676- 526 225 £ 52 ERRAR - ng o8y & -
, ! 790 | 9@} 10 42 N 621 621 60 32T L4z - ‘
14 i 666 10 00 oo, P B 160 0 X1 o8} nu 5 oo ° b
» 3 720 (ixH) o0 0% R (1} 1551 000 Y s ¢, B0t S g 3»3
t 00 000 000 078 16 40 120, N 200 P Szn Bpoo
.7 190 19 %) R0 10 48 6.66 99 1w e 561 B o an b
‘ b o O Q. *
L 150 060 135 460 6«90 1S s s IS LB8E .98 —
Administratops, Without Assistant ’ ‘ 5 = ;'u_:‘ 3 =3 &’ .
istan . - o o
N . : ‘/ : 833 TSgg :
-~ wn Q. 1] "
t by R 220 514 , 000 514 yn 1728 sas hoR .
2, iR 1834 193 292 14 294 194 400 3 _ . Qe JS T
e 29) 000 0 194 1262 1es % o vy .,'E,S’ 8 =5
3 1619 660 000 190 000 095 285 N9 -3 0 a
s* W00 X 14 600 9 8% N 65 000 14 2558 " P < oo,
. o, 000 000 00y AR 260 9 56 000 4520 28 Y%
- - . = -
T 0 (4 000 000 166 666 LRY] 0P 268 a= a3 .
X 0 0 0 000 420 935 000 A0 1170 o S=g
i~ — ® o= o
D 4 i oo e =
- ® —=3> o
. o ‘
- ' o -3
, K . , , 5. o
. | [«H . g.
’ (]




- - . Lv e .
N \ N ” v ‘ ° K - ®
K . L ¥ . oWt .
' ° ° ° P \
] . ’ . L Y L) ~ N 19
© ) . . i - ., Ye .
> f ° P
! ’ . . .
- . - . g
Fa V.o PR . _.
: A '
- . . ‘e
ey L . LN .2
- v . - - 1
. . . b4 -
. . h R .. .. —aw . s
. . Table 2. Calculatiop of X? Test Statistic for Administrator “A s & ?4 .
- D, ° » . . -
i . Observed lZ\mc){T\ ~ - der
. . (ta) (te fu-te frrey” o Ei :
- s Actinattes L <) ( ¢ e .« -
- ~ . e +
. - Y " e L 0 G ey
s Rosearch & thess 4, 1770 -370¢ 1369 < 077
* Supen mion - PR 4 Syt
, . 1eaching (both 16 1540 -1§ 40 376 36, 10.6% .
. ° . eb t
- Gradinite and . » Peos feen
. Undergraduate) o N c o P S «
. Prolesstonal Writing 185, 1770 olo - ow . 0 2' . Vg
- ) Routmie Dutaton g 7 1240, -S540 29.16 2 5.. B *
, Plannmg .0 DR ] 85 . 1115 124 %2, 14404 N
- Pratessipnal Reading 1 384 746" ﬁbSV’LVZ =
Advising | Lt B e 53 269 %76 Lo 1es -
tanersiy Mectingty 9 1947..° 047 022, 00, g .
M College Mectings 26 B &S 1715 294%) 2 Wi o
Lo DepartmentaMocines 3 g%5 * en3xS 1209 « 1% . .,
-~ ° .7 Administratng 6 1770 4170 13 90 ; LAY ,' «? €
_ - Rautine Cloneal -3 354 LA, - 20— 08 -
Molosstonat Consulting ME K] 1315 015 002 001 [ “ o
Lalking with ] - 177 . 017 059 on RS °
. . Manulacturmyg - *
. Representatines . e -, -
Peronal Course 10 17, ¥2V 6 6173 % 6 :
Preparatidn Con- r3, . e
tmung §duestion, te e X2 126 06 . )
Visitation and . \: v &
()lhc'r . N
- o e, " -
P 4 . N . ' .
4‘ ) " ' -
. . : -
Lo g Y .o
S M i . <
. . n .. o Loy #
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heads are_doing from what they believe they are Yoing. ,
¢ . H4: What deans and department heads are doipg is different

from what they believe they are doing.

Y

for a given administrator.

The x2 value of
- greater than x2 = 29.14 for 14 degrees of freedom.

6.26 is significantly
Therefore,

. we reject Ho and -accept that there is,
between what department ‘head A is doin
sampling results and what he believes he
questionnaires. Similarly, all other adm

how engineering education administrators belfeve they spend their
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time and how 'théy"a*aﬂy spend it.

1/ Conclusion” o ) T L

] - . ¢ :
¢ O _ In summary, it can be concluded that many administratgrs in
' engineering departments do not have a realistic-idea of how much
- af their time isfhging\spent on.the various dut¥es, responsibilities,

and functions rela ed to their p&sitions.
” s -
" A technique that can provide them with factual information on

1 O they are spepding their time is work sampling. We.recommend

that every admiffistrator should peripdically have his secretary

sample his work as destribed here so that he will know how he is

spending his time apd can make appropriate changes in his work

. > schegule when Jt seems desn;able.( \\ -
>N . ~ -
oty Secondly, it can be concluded that®With the “increasing vo]gme
. . . of data, controls, and reports required by so many gegments ‘of *
i _ society, the atademic engineéring administrator cdnnot be
productive in profegsignal activities unless he is provided
5, ¥ . adequate_support,to relieve him of the ever-increasing volume
" " ddministrative detail. . : ..
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. ADMINISTERING ENGINEERING
AND TECHNOLOGY PROGRAMS
" ON-THE SAME CAMPUS

, Victor Richley ?
. ) © ‘ * Youngstown State University

~

\\J Two OF the most significant events in engineering education in.
the late sixties and early seventies Weré the national decline in ..
enrollments in schools of engineering an? the advent of engineering .°

- /}’ technology into the baccalaureate- field.' Had each eyent occurred -

alohe, its significance might have been somewhat lessened. They ;
occurred, howevér, simultaneously, and theffeby created a stir of {
national interest in engineering ‘education circles.. Institutions '
which had been providing associate degree programs in technology
expandeq—thetr—offerings—to—inctude baccalaureate programs—im - -
-engineering technology (BET). Schools of engineering also expanded
their offerings to include the BET program in order to meet student
interest and bolSter lagging enrollments. While ASEE_provided

. nationa]]y recognized criteria for the academic Aevgszbmg?t of

BET prograr}xs,2 and ECPD accepted the Fésponsibility for tgi;r

accreditation,” the development of their administrative s
has been an institutional func¥ion.

ctures

r

Institutions undergoing the development of BET programs or the
reorganization of existing programs seek guidance regarding the
appropriate administrative structure for theiy kind of institution.
This question is of particular interest to those institutions
. housing programs in engineering and engineering technology on, the
! same campus. The purpose of this paper is to report the results v
’ of a national survey recently conducted to provide information on
the administrative structure of BET programs and to draw attention
- ,to the administrative interfacing of engineering and engineering

N technology on the same campus. *jl\
The. Survey

. Up&rvgnding that no national agency maintained a complete
listing of \§nstitutions offering BET programs, Moore and Will
* developed 4in 1973 a listing of 95 such jnstitutions.4. I surveyed
these institutions to learn of ‘the administrative structures
- . under which their BET programs were offered. Of the 95 surveyed,
73 responded with positive indication of their BET program offerings.
Their responses are recorded in table 1 in such a way as to

~
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categorize 1nst1tut1on types based on their program offerings. The
predominant administrative structure in use by each category is then
revealed. Since institutions were asked only to report their
particular administrative structure and not to judge its swecess,
1Tpl1ca€‘bus drawn from the survey rasults are those of the author
alone. (

. i

A} -
Table 1. Administrative Location of BET Programs

- 73 Institutions . -
‘ offer the BET 41 offer both the associate and BET programs
program 32 offer the BET program only

41 Institutions N
- offer both the 38 admidistér both proggms 1n same unit

A_AS & BET 3 adgnimister lh?}programs n separate Junmits

. 41 Institutions L ( :
offer both the 18 have a Schoo\ovf Engincering on campus- <

N \ AAS & BET 23 have no School\of Engincering on campus .
18 Insututions
offer both the " 9 administer both,programs outside the
AAS & BET School of Engincering
* School of Eng | 9 admimister both pmgrams na School of
oncampus Fngincering .
32 Insututions . R »
offer the BET 25 have a School of Engincering on campus <
‘ program only 7 bave no School of Engincering an cdnpus
> 25 Insututions .
offer the BET | 23 admmuster BET in School o/Enginceting
only School 2 adminsster BET owsidé™School of Engi-
‘ of Eng on neenng t
+ campus -
- \ ; -
- ~ V\
N N . ,
. . A
% ) o

° Of the several adm1n1strat1ve structures in use, thesé“three

seemed typical: . ,
1. Engineering and engineering techno]ogy administered as
, separate academic units reporting to separate deans-.’ .
rat
2. Eng1neer1ng and eng1neer1ng technoPogy administered as .
E‘ separate academic un1ts reporting to the-same dean.

- 3. £ng1neering7and engineering technology. adm}nistered in the °
. samé academic unit with common faculty reporting to a dean.

ﬁ . ’ N
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The firstand second of these administrative structures are
va similar in that they require separate academic units for eng1neer1ng .
and engipeering technology. They differ, however, in that these units
« administratively report to either separate deans for to the same dean.
The survey reperts both of these administrative structures to be
commonly employed. Some of the advantages and disadvantages 1n the
administration of both engineering and engineering technology under
gh$ same dean, a dean of engineering, are suggested in the discussion
elow. .

When"Same Dean Administers BET and Eng. Programs -y

Advantages

1. Promotes upward academic mobility of assoctiate technology
graduates into engineering programs. . -
4 2. Promotes cooperation among faculty and more efficient
. utilization of classroom and laboratory facilities.

<

3. Prgmotes the professional upgreding of both engzneemng and

technology faculties. . -
’ 4. Promotes prof'esswnal development in technology shudents
through association with engineering students.
- .

5. Provides for greater administrative and budgetary flexibility.
4

«6. Promotes the development of goint courses’ and activities. .

- .
-
N ’

- Y . . .
. . Disadvantages . @ .
1. May result in considerable loss of un® identity for .
technology. .

2. Faculty and adminis\@ors must be knowledgeable about
engineering and technolbgy programs, sensitive to their differences,
and dedicated to the Succes(s of both programs.

3. Tendency toward common courgé and laboratory matertials. for
bath programs and an intermix of teaching asstgnments at the p
graduate and undergraduate levels.

¢ .

4. Because of enrollr%nt pressuree and personal bzases,
students may be advised intod programs in which they have no
interest or aptitude. -~ .

R -
i
i

5. Technology students and progr&ms may be termed second rate
by virtue of direct comparigon with engineering.

6. Differences in faculty degree requirements and experience
W1l result in problems regarding promotion, tenure, salary inepdases
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. + Of high quality, it sh

“
3

. and contract terminations
Obyiously, the advantages listed for adpinistering both units

under the same dean are the disadvantages of adm1n1ster1ng them under.
. separate deans. .

Y —

The advantages and disadvantages posed here are not complete,
nor are items cited in order of importance. There is certatn to bex
disagreement on whether certaih items.are indeed advantages or
disadvantages. They are presented, however, in ‘ordef that deve]op1ng
institutions are mgde aware of the nature of structures most connmn]y,
used and of some ospective problems with each. e e g a
The th1rd of these administrative structures, w1th‘a.coumon
faculty repgrt1ng to a dean, requires a complete mix of, tacu]ty
reporting t6 a dean, requires a complete mix of facu]ty a

. academic resources wh1ch may obscure unit 1dent1ty When th1§~ -

results, students of both programs may suffer the consequences. ; -
An 1nterm1x of teach1ng assignments at the graduate undergraduate,
and associate levels is probable, especialiy in smdiler programs. .
Many faculty who are highly motivated to research, publication and” °
graduate studies are not by nature suited to 1nstruct technblogy =~ - -
students. Faculty yilling to devote-the time and patience necessary
. to instruct technology students are not likely to beNded1cated to -
} research. .
Because of differences in, objective and philosophy, a
single laboratory facility cannot meet the needs of both engineering
. and engineering techno]ogy unless it is very caref8l1y and .
elabordtely prepared. In an environment suech as this, the unit
* administrator must have a thorough knowledge of both programs, their
differences and objecCtives, and must have an understanding of the
. characteristics of students in both programs. He must_mold a’
cooperative and understanding, faculty in order that flexibility_is »
developed to- meet diverse needs. Both faculty and administrators must
be continually a1ert-1n order that course materials and courses do
not blur into a simjlarity not&su1ted for either program. If an -
institution is co tf%to serving its community with programs -

d select an administrative structure &',
of feting grﬂhter possibility for sucgess. . o

Conclusions :

The development of adm1n1strat1ve strucgures in which BEI
programs are housed has not followed"a .central pattern A

2N

The survey revealed that both the nature of the BET program
offered and its administrative locabion are influenced by the
presence of a school of engineering on campus and the offer1ng of

. assoc1ate degree programs. ,

For greater success, institutions Cbntemp]at1ng the proper

administrative location of their BET programs should arrange to

% L S
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house their Associate and BET programs ip the same academic unit and
should provide for unit identity. Locat1ng this unit in & school”

of engineering or a schoel of applied science is of ltess_significance
to its success and should depend on a consideration of the relative
advantages and disadvantages of each location.
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PLANNING FACTORS STUDY FOR

TECHNOLOGY EDUCATION
(INCLUDING FACULTY SALARIES)

R. Bruce Renda
Purdue University

Need For The Study

.

As academic resources become scarcer, the division of the academic
pie becomes more competitive.and-more d1ff1cult to accomplish. Technolo
educators need reliable cost figures (national as well as campus-specific
in order to meet the f0110w1ng objectives:

1) Succe$sful survival of the annual or bi-annual fiscaT dec1s1on—
making process,

2) Elimination or reduct1on of 1ntradepartmenta1 and intraschool
inequities,

»

3) Realistic planning for future program expansion or improvement,

-

It is possible to qenera11ze and classify the budget1ng process according
to four basic types:

1) Fomula-funding
. 2) Add-on or subtract-from
3) Zero-base budgeting R

4) “Equitable” distribution of the wea]th or poverty

- "~

P

In practi¢e the actual budgeting process may be a combination of varying -

degrees of one or more of the above. ~“Regardless.of the type of budget-
ing used, in order for a.dean or a program director to justify his bud-

A get requests, it is important for him to have accurate, reliable, and

conv1nc1ng‘cost figures.

It is thé intent of this paper to report on the continuation of the
“Planning Factors Study for Technology Education” initiated in 1978.

Hi§torxﬁ -

While Dr L. J. Meriam was serving as dean of the Duke Un1vers1ty
School of Engineer1ng, he initiated a cost study involving 14 engineering

. « ' / ) 99
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" tional similarities be'tween engineering and technology programs, there

schoo]s in the Southeastern Section of ASEE for the academic years 1967-
§8. Beginning with the academic year 1976-77; this study has become a
national study sponsored by ASEE and ECC and conducted by the University
of Florida College of Engineering. Since there are a great many educa-

is a need to generate.cost and planning factors data for cpmparative P
purposes for these two types of programs. During the Second Annual
Technology Leadership Conference held at Purdue University on October 17,
1977, the author of this paper made a short oral presentation to see

what interest there was among the technolqgy educators to conduct such a
study. The response was enthusiastic. Durjing the Third Annual- Technology
Leadership Conference held again at Purdue University on-October 15, 1978,
the participants were invited to ¢omment onm a draft of the proposed

ques tionnaire for this study. A conscientious and concerted effort was
made to make the questionnaire used as similar as possible to the one

used by the Ehgineering Schools.

’
i

Caution In Use of Data -

. a . i
This study is only as good as the data provided by the participants.
Caution shouldsbe exercised in the-analysis of the data since there was
room for varying degrees of interpretation of instructions, definitions,
etc. Forty-six df the 156 schools which were contacted participated in
this survey this Year. Thi$ response is very gratifying as this is the
second year of what is fow an annual study. We are looking forward to

an increased number of participants in the years to follow so that we

may improve the validity and accuracy of the survey. " It is difficult to
arrive at a base common to all schools—let’alone a base common to those
institutions which have both engineering and technology programs combined
under one administrative unit. Budgeting and accounting system anomalies
are comonplace. For example, the Purdue University School of Engineering
and Technology at Indianapolis utilizes a departmental structure for the
respective enginee ing technology and engineering programs. In the '*°
School of Engineering and Technology budgets a specific number of posi-
tions are assigned to each department. Departmental, budgets include
faculty salaries, benefits, supplies’and expenses, and travel. Deter-
minat;pn of relative amounts.in support of the engineering technology
programs for these departmental categories is, thevefore, straigrtforward.
However, wages and salaries plus benefits for all administrative, clerical,
and support personnel are charged against the Dean's Office along with,

all capital equipment expenditure. These costs oftem cannot be directly
allocated to one specific program or department. In these and similar
instances, a uniform technique for pro-rating costs into an appropriaté

classification is essential. N
. - A
Interpretation of Data . , .

Exhibit I ~ Displaying the salaries for administrative personnel as
well as facuity in technblogy programs is self-explanatory. It is obhvious
that there are few administrators on the associate and assistant deanship
level. . - *

L Y

Exhibits 11-A, B and C - Showing the comparative salaries fo™ engi-
neering administrators and faculty versus technology ,administrators and

100
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faculty contain more ‘reliable data for faculty than for administrators.
It is interesting to note that on the instructor and the assistant’
professorship level, the -average salaries for engineering and technology
are about the same. For associate professorships, salary differences
range from $1,000-$1,800 and for full professors, the difference varies
from $3,000-%$4,500 (depending upon whether one uses E.C.P.C. figures or
U.F.C.E. figures) for the academic year 1977-78, whereas the gap has
increased to $2,000 and S§,000 respectively in the academic year 1979-80!

Exhibit 111 - Contains a great deal of cost information for technology
programs which requires a careful analysis in conjunction with the question-
naire that accompanied the study. ®*The institutions that participated in
the study will recqive a more detailed analysis of thi; exhibit as well
as an analysis of their own costs soon.

Exhibit IV - Shows the cost analysis for €ngineering prografs versus
technology programs. There are a number of interesting co sions that
one can draw. The author wishes to point out a couple of the comparisons

that seem to be most significant: , . .
. a. For th¢ academ{c year 1978-79, the engineering programs received
instructional support of approximately .$77 per student credit
hour ‘taught versus $60 for technology programs, whereas the N
1977-78 figures were $75 and $45, respectively.
b. In the academic yegr 1978-79, the engineering faculty taught
h

281 student credit’hours per semester versus 274 credit hours
for technology faculty, whereas the 1977-78 figures were 256
: and 333 respectively. '

o
]

It “is tempting to make a Eweeping statement that in genéra]ﬁtechno]ogy

4progrmns are underfunded and techn@]ogy'facu]ty is underpaid.

. X \

.
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Exhibit 1

ENGINEERING TECHNOLOGY
- FACULTY SALARIES

[
& - )
- ?
12 Month Terms
. Deans >~ 1979-80
IR 78-79
* 77-78
Associate Deans J1979-80 -
. ( 78-79
77-78
Assistant Deans 1979-80
‘ 78-79
77-78
Department Heads ,L1979-80
' - 78-7%
77-78
M -
-,
9/10 Month Terms T
°  Professors- 1979-80
EN 78-79
] ) : 71~78
[ Associ_ite Professors 1979-80
~, 78-79
- . 77-78
°  Assistant Professors: 1979-80
4 ‘ 78-79
R v 77-78
- * Instructors , ° 1979-80
. . 78-79
77-78
o . .. .
' ~
" 102 -2,
N N
FRIC

Aruitoxt provided by Eic: -
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-

Maximum Minimum\ Ave'rage
50,000 17,305 35,470
. 46,000 * 17,305 32,914
46,500 18.500 33,585
39,000 118,855 31,918
38,000 17.535 30,351
35.100 25.685 § 29,279
38,905 24,000 32,445
35,748 25,932 26,373
32,640 24.000 27.655°
39,624, 13,543 27,027
37.368 10,596 25.164
37,793 16,200 25.789
.o -
"36,898 . .- 16,500 25,378
35,241 18,884 ' 23,517
© 27,250 17,000 223012
" 30,700 12,900 ° 21,789
. 29,700 12,550 19.575.
23,205 15,941 18,947
24,000 _ 13,000, 18,411°
27,780 12,000 “a, 17,488
18.875 . 14,484 16,534
26,684 " 9,19 16,192
24,264 9,194 - 14,582
- 20,490 . 11000 14.514
LY
Ve o
- Q':f?\\‘ﬁ

(35
s (29
{33)

. }40)
n
33
(40)
(s
33
;27
20
33)



ENGINEERS” COUNCIL FOR PROFESSIONAL DEVELOPMENT (ECPD)

‘ Exhibit I] - A
1977-78
* SALARIES,

ENGENEERING - UNIVERSITY OF\E}gﬁéDA COLLEGE OF ENGINEERING (UFCE)

-

LA

¥S . .
d -
" . TECHNOLOGY - PURDUE UNIVERSITY AT INDIANAPOLIS (PU-I) )
12 Month Terms Maximum “*  Migimum Average
Deans (UFCE) *58,018 28,064 39,383 ) (88) <
. (ECPD N/A N/A N/A .
v (PuI) 46,500 18,500 33,585 (26)
Associate Deans éum) 56,478 23,744 - 36,846
3 : ECPD) N/A N/A N/A
(Pul) ¢ 35,100 25,685 29,279 (s)
Assistant Deans UFCE} 44,811 17,924 - 29,504
ECPD /A N/A - N/A . .
(pur1) 32,640 24,000 27,655 (7) »
Department Heads  (UFCE)" 56,603 16,981 35,251 .
« . zECPD 29,502 23,705 - 26,518 257
/ ' PUI) 37,793 16,200 25,789 22
9/10_Month Terms o, .
. Professors - (UFCE) 51,415 14,150 26,583 ¢
‘ - (ECPD 30,511 20,911 25,149, (62)
. (PUI)? 27,250 17,000 22,012 (33)
Associate Professors (UFCE 32,570 12,877 20,692
(ECPD 22,534 17,324 19,877 (61)
P (Pur) 23,205 215,941 18,947-  (33)
. Assistant Professors UFCE; 24,928 9,750 17,143 . N
. > - ECPD 3,677 . 15,229 16,782 261 .
PUI) 2875, 7 v 14,484, * 16,534 33 .
Instructors UFCE) 33,490 7,924 13,305
ECPD) 14,930 12,250 14,939 §28; '
] pUI) 20,490 11,000 14,514 33,
(UFCE) UNIVERSITY OF FLORIDA COLLEGE OF ENGINEERING - .
1978-79 Engineering Faculty Salary Survey sponsored by the ASEE and ECC .
‘ and conducted by the University of Florida College of Engineering.

Figures shown were reddced by 6.0% to make them comparable to the 1977:78
figures of the other two surveys. . '

(ECPO) ECPD Survey of Institutional Data 1978-79. Engin§er'ing Education: February 19,
"Figures shown are for ‘the academic year 1977-78,

/ , ,
> * (PUI)  PURDUE UNIVERSITY AT INDIANAPOLIS - Purdue University, School of Engineering
and Technology at Indianapolis:
. 103
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' Exnivit 11 - 8
1978-79 . .

SALARIES )
I\ .
ENGINEERING -~ UNIVERSITY OF FLORIDA COLLEGE OF Euem}g@s (UFCE)
and N “
.ENGINEERS' COUNCIL FOR PROFESSIONAL DEVELOPMENT (ECPD} *
T @ ¢ .

Vs
TECHNOLOGY - PURDUE UNIVERSITY AT INDIANAPOLIS (pu-1)

>

12 Month Terms Maximum hinimum Average

Deans ‘ (UFCE) 61,500 29,748 41,746
(EcpD) N/A WA, N/A
(pu1) 46,000 17,305 32,914 (29) .
& .
Associate Deans o{UFCE)” 59,867 25,200 38,633
ECPD' N/A N/A N/A ‘
PULY 38,000 17,535 30,351 (1)

. [
Assistant Deans “(UFCE) 47,500 19,000 31,275 °
- ECPD) N/A N/A N/A
PUT) 35,748 25,932 26,373 (5)

Departme;'lt Heads (UFCE; *60,000 18,000 37,367 .
. - (EcPD . 31,597 25,166 28,232 (36)
. i (put) 37,368 10,59 25,164 ° (32)

9/10 Mopth Terms - . A

Professors UFCE) 54,500 15,000 28,178
ECPD) .. 31,352 22,621 26,591  {(€9)
. PUT) 35,241 . 16,884 23,517 (D)

Associate Professor (UFCE) 34,525 13,650 21,934
(ECPD) 24,051 18,485 20;988 41;
(pul) 29;700—— 12,550 —- 19,575-—— 33)e——

10,335 18,172

s

ECPD) 19.907 16,091 17,823 (41)
pUT) 27,780 “12,000 17,488 (33

—

Assistant Professor §UFCE) 26,424

~
Instructors UFCE) 35,500 8,400 14,210 °
ECPD), 16,358 13,277 - 14,313 23;
. pPUI) 4,266 -, 9,19 y,542 20

(UFCE) UNIVERSITY OF FLORIDA COLLEGE OF ENGINEERING - B 2
1978-79 Engineering Faculty Salary Survey sponsored By the ASEE and ECC
and conducted by the University of Florida College of Engineering.

- (ecpD) ‘ECPD Survey of Institutional Data 1979-80. Engineering Education: February 19’
Figures shown are for the academic year 1978-79. I :

DUE UNIVERSITY AT INDIANAPOLIS - Purdue University School of, ﬁngin;ering
jand Technolfgy at Indianapolds )

ERI
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. ‘ Exhibit IT - € -7
o . 1979-80 ‘
' AR " SALARIES . . -
Ensmefaws - UNIYERSITY OF FLORIDA COLLEGE OF ENGINEERING (UFCE)
ENGINEERS" COUNCIL FOR PROFESSIONAL DEVELOPMENT (ECPD)

. . ) Vs SR
-~ TECHNOLOGY - PURDUE UNIVERSITY AT INDIANAPOLIS (PU-1)
Max imum Minimum . Average ﬁ .
UFCE) " 67,000 17,59 43,927
. ECRD) N/A N/A N/A ’
. pUI) 50, 000. 17,305 35,470 (32)
. Associate Dean 2UF(;[} 71,333 20,450 43,545 -
: . N/A ©N/A N/A
. - (pU1) 39,000 18,855 31, 913 ®)
Assustant Deans URC 80,000 17,300 . 33,127
ECPD N/A . N/A N/A
) . pUI) 38,905 . 24,000 . 32,445 (4)
Department Heads UFCE) 69,692 19,400 40,307
. ECPD) N/A . N/A N/A
R PUI) 39,624 13,543 . 27,027 (30)
1Y v . -
9/10 Month Terms® )
] < ‘
Professor UFCE) 57,800 16,416 31,590 , -
: ECPD) N/A N/A N/A
' PUI) 36,898 16,500 -25,378  (35)
e~ Associate Profeséo;- UFCE) 35,591 12,200 23,920 e
. ECPD) N/A N/A _ N/A
. . u1) 30,700 12 900 21,789 (40)
" Assistant Professor  (UFCE) - 28,35 1, soo 19,804 ‘
ECPD) < N/A N/A y N/A
N PUI) 24,000 13,000 18,411 ~ (40)
, Instructors UFCE) 30,000 6,750 15,360 B
, ECPD) N/A N/A N/A .
pUI) 26,684 9,194 16,192 -(27) R
. N ==
" (UFCE) UNIVERSITY' OF FLORIDA COLLEGE OF ENGINEERING h .

1979-80 Engineering Faculty Salary Survey Sponsored by the ASEE and
ECC and conducted by the University of Florida College of Engineering.

£l

< % (ecpD) ECPD - N/A .. :
1

(PUI) PURDUE UNIVERSITY'.AT INDIANAPOLIS - Purdue University School of Engineering '
and Technology at Indianapolis. |

R - -+ 0s R
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' : : EXHIBIT 111 < ¢ L
. s NATIONAL SUMARY ¢
. L ) TECHNOLOGY
* . “ .
P N
1. TOTAL OIRECT . TOTAL 3. TOTAL INSTRUCTIONAL BALARIES
INSTRUCTIONAL SALARIES INSTRUCTIONAL COSTS  * STUDENT CR. HR.
A 4 -
77-78 $428,481.35 (33)- $494,890.26 -$39.43 . .
'78-79  393.717.00 (46} 495,849.00 49.50 .
79-80  417,537.00 (46) 512,156.00 51.35
. .
o TOTAL INSTRUCTIONAL COSTS .  INSTRUCTIONAL OPERATING EXP o ANSTRUCTIONAL FACOLTY SALARIES
* UDEN . HXS. [ R. HRS. * TRSTRUCTIORAL FIE
77-78 +$48.73 " s2.74 $23,565.63 (33)
78-79 60.44 - .0 % 19.523.00 (46)
79-80 59.76 3.45 211619.00 (46)
;. InsTe SUB-FACULTY SALARIES g, RESEARCH FACUKTY SALARIES o, RESEARCH SUB-FACULTY SALARIES ,
: INSTR SUB FACULTY FTt RESEARCH FIEU TY FIE U H SUB-FACULTY
7.8 $7.991.31° $22,851.78 . R/A
78-7%  11,747.00 R/A KA
- 79-80  10,246.00 i N/A KA -
-
" * 0. TOTAL INSTRUCTIONAL ANO ). TOTAL STUDENT (R, RS. 12, HEAD COUNT : .
. ' RESEARCH FTE'S, 2 * FALT ENROLLMENT,
L 77-78 .23 - 331 (33) €77 * )
78-79 /A 274 (46) 491
79-80 7 261 (46) + 585
13. TOTAL UNDERGRAD CR. HRS.  14. TOTAL GRAD CR. HRS. CON- 15. TOTAL STUOERT CR. HRS. CONVERTEO
CONVERTED TO SEMESTER BASIS VERTED TO SEMESTER BASIS 10 SEMESTER BASIS
.7 6,782 zzs.s . 7.005.05
78:79 5.112.00 N/ . 5.112.00 -
79-80 5,426.00 MA - 5,426.60
16, JUKIOR & SENIOR HEADCOUNT |, JUNIOR & SENIOR HEADCOUNT .o PH.D. OEGREES ¢
. . " RRESRON & SOPHOMORE HEADCOUNT ~  BACHELOR'S DEGREES
. 77-78 271.48. K/A -3 R/A
. 78-79 261.07 1:1.8 N/A
79-80 239.83 12 . K/A
/19, MASTERS DEGREES 2 QFFICE_SPACE 2 TEACHING'LAB SPACE
R * ‘BATHELORS DEGREES . L TRSTR. & RESEARCH FTE . [TOR & SENTOR READCOUNT
77-78 R/A ' 144.75 146.24
78-79 N/A 171.63 ' 138.60
7980 - H/A 165.30 169.50
22 RESEARCH LAB SPACE ,q RESEARCH LAD SPACE ,, JUNIORW SENIOR HEADCOUNT . GRADUATE HEADCOUNT
“RESEARCH FACOLTY GRADUATE HEADCUURT TRSTRUTTIORAL FACULTY FYE TRSTR. FACULTY FIE
. " 77-18 ' N/A R/A 16 /A
78-79 N/A ~ N/A 12.02 N/A
79-80- R/A K/A 10.57 N/A
. . »
, \ y,
L3 -
’ -
N ' ‘ . H
106 ,
. 0
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" TOTAL OIRECT
INSTRUCTIONAL SAU\RXES

TECHNOLOGY - PURDUE unxv:nsm Ammmwous {Pu-1)

77-78 1,938,000 (88) vs $426,48]

78-79 2,052,700 (90} vs 393,717
4, IOTAL INSTRUCTIONAL COSTS
© T STUDENT CR. RRS.

7.

-

-

-

°

»

-

2z,

E

« HKOs
. ’

6)

2.

&

fo1AL ©
INSTRUCTIONAL COSTS

. !
$2,460,840-vs $494,890 *

N

2,656,190 vs 695.4849

77-78

78-79

$75.38 vs $44.73
77.42ys  60.44

0.

3.

6.

INSTR _SUB-FACULTY SALARIES
77-78 . $9,780 vs §7,991
78:79 10,430 vs 11,737

TOTAL INSTRUCTIONAL AND
IRES&ARCH FIE'S

7778 184.10 vs 26.23
78-79 178.12 vs WA

TOTAL UNDERGRAD CR. HRS.
CONVERTED TO SEMESTER BASIS

77.78 6,231 07 vs 6,782.55
7879 30,102.80 vs 5,112

JUNl_OR & SENIOR HEADCOUKRT

77-78 780.18 vs 271.48
78-79 B07.87 ws 261.07

v
MASTERS DEGREES
8KCHELORS DEGREES

8.

.

$6¢44 vs 52}4
7.87 vs 3.00

1

5. INSTRUCTIONAL OPERAT]NG-TXP

- ) *
Y , . " .
. N * . .
- Al . » v, . r) -
] . ~ ' ! o
. ‘? i . . -
. “ . e - v ¥ R
. . 'S EXYI8IT IV 4 N
. . . : . NATIONAL SUMMARY ' '
% EMGIHEERING - UNIVERSITY OF FLORIDA QOU.EQE OF ENGXNEERING (UFCE) ) vy, .

P .

5 TOTAL InsTRUCTIOMS salhlEs ’

* N K. .
$59.36 vs $39.43
59.83 vs 49.50

‘ - ' .

INSTRUCTIONARY FACULTY SALARIES
— IRSTRUCTIORAL B

®

6.

.$28,110 vs $23,566
. 730,700 vs 119,523

-

. .

© RESEARCH FACULTY SALARIES
RESEARCH FACULTY PTE

1

$25,400 vs $22,852 -~

28,150 vs N/A

JOTAL_STUDENT CR. HRS.
E’

256 vs 33 v
~.28) vs 274 -

TOTAL SRAD CR. HRS. CON- t

YERTED TO SEMESTER BASIS

4,787.78 vs 222.5 *

5,247.48 vs N/A
EADCOUNT

JUNI on‘srmmmr

.36 vs N/A
41 vs 1:1.8

.;9' RESEARCH SUB-FACULTY SALARIES
. _R'%FC_SUFWH ~

$8,560 vs N/A
10,750 vs N/A

HEADCOUNT
FALL WERDCOUNT v,

1,968.18 vs 617.41 -
2,063.86 vs 491.00 * .

12,

TOTAL STUDENT CR. HRS, CONVEHTED
. To SEMESTER BASIS

32,645.79 vs 7,005.05
34,305.25 vs 5,112.00

15,

16, . PH.D. DEGREES
* BACRELOR'S DEGREES

.07 vs N/A |
.08 vs N/A

OFFICE_SPACE

~n
- O

AL TRSTR. 3 RESEARCH

FTE

21,

) «
TEACHING LAB SPACE
JUNTOR & SERTOR READCOUNT

-

77-78 .30 vs N/A - 215.15 vs 144,75 73.22 vs 146.24
78-79 .29 vs N/A 225.43 vs 1M.63 , 61.34 vs 138.60 «
‘ <+ v -
. .
RESEARCH LAB SPACE  *,,  RESEARCH LARSSPACE  ,,  JUNIOR & SENIGR HEADCOUNT 25  SOrPUATEMEMDCONTL
“RESEARCH FACULTY . TRSTRICTIORAL FACUCTY FIE
77-78~ 1,698.52 vs N/A 193.92 vs N/A { 12.22 vs 16 -~ 4.42 vs N/D PR
78-79  2,018.07 vs N/A, 17171 vs N/A 13.21 vs 12,12 5.46 vs N/A -
. L4 <
“ ‘ \
. . R .
' - . .
. - ' ¥ *
For the technology programs this ratio is Junfor & Senioq- Headcount ‘ ’
Fres! re Hea coynx\
. A ’
. . 107
y ' . -
vy, P .
. . / .

.
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METHODS OF FACULTY. EVALUATION

Otis E., Lancaster

IS

- AND DEVELOPMENT

, . o . 3 .Pennfy]vgniq State University

Lifelong learning is today accepted as the ey to success. in-.
engineering. 'This is true whether the engineer js in industry, a
private cansultant, or in charge of his_own company. The problems he
faces are new each year, if not eath day. Obsolescence continually

* creeps up on all. The only way to keep aheaq_oﬁ it is through a

. pattern of continual‘learning. *° !

R

o

-~

. — 4 . i

¥hese statemients may be more true for faculty memb&rs than for
other] engineers, because in.many ways they dre-more independent, and -
the products they market are 1é§s carefullyscrutinized. When an
industrial company employs a new engtneer, it usually has a training
period fg him. He is introduced to the activities, products, and
goals of ¢he company. Many times the company gives him experience in
research, design, development, and production before assigning him a
work area. N

Universities should have, and some do have, programs for the
training and development of their faculty. Before discussing the
nature of a development program, the queétiog, "What age faculty
supposed to do?™ must be answered. #ithout an answer, any development
program;would be premature. Many would say that the question 3 .
stupid, and the answer obvious, The facuity are to teach,
research, and participate in the continuing education g ers. .But,
Tike all obvious statements in textbooks, the duties are ysually
illusive. . i Y Co. ™

‘ ]

* In more specifig term$ the faculty are'tO‘prepare men for
professional engineering work in industry, in governgent, in.

- «universities, and in private consulting.’ They are to prepare men to

~

/ -

Q
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use knowledge---knowledge that-exists or knowledge which might exist.
tpé emphasis in on use. * . s
The function of engineering faculty is to‘prepare men for )
professional engineering work, that is develop students who can and
want (1) to use knowledge in new creations and in rodification of
present things, and (2) to supply missing 1inks in useable knewledge.
This requires that the faculty net only know the existing subject-*
mattery its limitations, and the chances of extension in, various
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directions, but they also should know how it is bding used ‘and be ablg
to conceive other ideas for its use in an econdmichl practical way
(design). They must be able to supply some missing links. in useable
knowledge. Finally, they must be able to impart these things to
students.

' Engineering faculty have two professions: engweering and
teaghing, so development programs should be two pronged.\ The subject-
matter or knowledge prong has Tong been considered. Throbghout its
History ASEE has sponsored short courses in various areas.
years the National Science Fouﬁdation has had a faculty fello
program for 9 to ]5 months of study. The universities have had
tradition of sabbatical leave. All these have helped some facultyp
keep abreast 'of the scientific side of the subjects. Even these
programs within themselves are insufficient. ghe professors must \\\
continue to learn on their own. ' . ¢

There is an area in which it is much harder for men to fearn
by themselves, even if they are motivated to do so. It is the area -
of using knowledge, the use of present knowledge’ in industries, and
the specific knowledge needs for further use in design and production.
This development can come best through association with industry or
design projects. The DuPont Company has a Year in Industry program
in which a faculty member works ‘on DuPont's engineering problems
and then returns to the academic world. The Ford Foundation
established the Residency in Engineering Practice, now administered.
by ASEE, NASA and ASEE have jointly sponsored Summer Instytutes at
various NASA laboratories on research and on design.

24 4

4 < . -
L b
% PROGRAMS FOR ENGINEERING DEVELOPMENT

« DuPont Year in-Industry ' -
« Ford Foundation Residency in Engineening Practice
o ASEE—NASA Summer Fellowships
o Sabbatical Leave . «
o Consulting

At an ASBE Section Meeting in May 1971, four leaders from ,
industry pointed out many weaknesses of our graduate programs, and
stressed that thers was a need for closer relations between faculty
and companies in order to produce a match in the education and duties
of engineers in non-academic positidns. There is a Tong way to go
in developing faculty who can direct learning toward this-patch.

Even the intent of the year with ipdustry is misconstrued. - One

young professor.wanted to take this year to write papers §o
strengthen his publications for promotion. Lip service is given to
the importance of engineering and the preparation of students for -
work with industry, yet to a large extent promotions are based on
published papers or dollars of research, much if not most of which
are in science-or mathematics.

0 \
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* initial step. A1l programs constitute just a drop in the bucket. d

The NASA Summer Institutes on Design, which the author helped
set-up, were intended to help faculty develop the competence necessary .
to direct graduate programs on applied efgineering. This was an -
Many more-programs for the deve]opment of faculty on using knowledge
in eng1neer1ng are needed. .

Faculty Training Programs ~

For the most part, the engineering faculty has not had any
special fraining for directing the learning of others. They enter

the fieN s amateurs and often remain that way. The number of ‘.
programs help them become good teachers has been quite limited;
this is the fault of the system and the pay-off—function. A recent
survey showed that, contrary to-what is sometimes stated, over 60% of
faculty members are at colleges and universities becaﬁge they want

to teach and enjoy teach1ng . . . .

- It seems logical that .it is up to the Society and the colleges
and universities to prepare and administer pPegrams for the *
development of engineering faculties. ‘There have been, some national
two-week programs. MNow there are some two-day programs in each of
the ASEE regions. The overall philosophy has not been to develop
models for others to mimic, but to study those subjects which could
be a basis for each teacher to design his own effective methods
compatible with, the personality and his students. The subjects
considered are psychology, speech, listening,Stesting, programmed
learning, visual aids, stimulating creativity, and research on
improvement of 1earn1ng

L

PR
~

For the last 14 years The Pennsylva®ia State University has had
a seminar on teach1ng for all new faculty, where by definition a
.new faculty member is a person teachihg at The Pennsylvania State
University for ‘the first time. Consequently, the set of
participants consists of graduate assistants, instructors, assistant
professors, associate professors, professors, and department heads.
The present dean and five of the department heads went through the -
progran. » . ~

Currently the program is modeled after the ASEE-PSU programs E’
of 1960-63: a concentrated two weeks with hours: from 8 a.m. to
5 p.m. daily with outside preparation at night. At PSU however, the
program is held during the week preceding and the week fo]]ow1ng
the fall semester. The second week permits the discussion of real *~
problems encountered in teaching the previous term. Years ago the
seminar was held regularly for one period a week throughout the
schoo? year. Many pr ferred this arrangement, since current topics
could be discussed imnmédiately. The present arrangement makes it
easier to concentrate on the practicum (workshop). The present
program includes nine practicums. K
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Reqyjremeh%s for Good Teaching *» «

°

. Perhaps this #s the time to state that we do not become better
teachers by just listening to ideas on teaching. To teach
effectively one must fulfill four steps of learning: motivation,
response, reinforcement, and transfer. ¢ ~

- .The seminars can motivate the professor to develop ideas on
teaching, and can supply some time for the initial response. If
permanent changes aré to be made, teachers fhust demonstrate (response)
good leadership in their classrooms; then, for its continuation the
teachers must',reteive feedback (reinforcement) in the form of
praise, pay, or awards for jobs well done; and lastly, they must
transfer the good techniques from the practice session to a real

.class and to other classes. . c

In order to give \that continual motivation, raises and
promotions should be based upon truly meritoribus performance. A
development program is doomed to. fail unless there is an evaluation
program. We must know which way is up. . . .

WilY EVALUATE INSTRUCTION?
o To help improve teaching .

. s To develop some standard of acceptable per-
. L]
formance .
’ o To help make decisions on promotion

o To, help make mentorious salary changes

» L4

Several years ago PSU President Walker asked me to chair a
comitteé to measure teaching effectiveness. Although it was .
, recognized that the ‘only true measure of a teacher's effectiveness™
was the achievefient of his students and their continual interest
in the field, gomparative measurements of such factors were not
always possible. Moreover, an absolute scale did not appear to be
as practical as a relative or comparative scale. Hence, the
comittee suggested four factors to be used for the evaluation,
" when feasible: :

. . 2
1. Comparison of scores on common tests and examinations in
multipTe section courses .

.

2. Achievement in subsequent courses which require the
knowledge of the course taught

3. Opinion‘oftstudent§ .

4. Opjnior of colleagues . .o

112




Evaluations using these four factors were pilot-tested on the
teaching ‘of English Qomposition. Table 1 gives some of the results.

Table 1. Evaluation of TeadMinp Enghish Composition |

Student Faculty Common Subsequent
Rating Rating Examination Course Total
g

04 3.8 32 32 36 13.8
06 3.5 31, 45 30 14.1
10 41 43 35 45 164
12 39 3.4 30 3.3 13.6

“ Instructor
Code

v o

.The Importance of-Student Opinions

¢ ~

Student epiniofs have received an amazing amount of attention.
Hundreds of questionnaires have been developed with the number of
questions ranging from 6 to 150. Qur committee made some steps
that are fundamental in strengthening the-usefulness of such
questionnaires. : . )
&g ]. Use a random sample (for ‘then and only then gan probability
theory be used for interpretations). .

2. Insure that\all studpnts in the sample respond or devise
a way of estimating the effect of the @Pnresponses.

3. Collecf information after students have had time to use
material learned (two years afterwards). -

B
4, JKeep it.simple (six questions) and easy to respond.

A random sample of 40 students are selected for each faculty

member from rosters of students taught by them twogyears before.
The students on the rosters for all three terms are numbered
consecutively, then by use of g table of random numbers the 40
specific numbers {students) are selected. (The sample size of 40
was based upon standard deviations obtained in pilof tests). The

. questionnaire listing the instructor's name and the course is mailed
along with a self-addressed, stamped envelope to each of the 40
students. The questionnaire éxplains that it is a sampling survey
and stresses the importance of having all-respond.

The random number of the_student is placed in the upper right-
hand corner. This number is removed when the questionnaire is
returned. After a reasonable time for the students to respond, the
numbers are compared to the original set and those students who
have not responded are sent a-second questionnaire, and so forth.
Each new mailing is coded by color to tell whether it is the first,
second, third, or fourth mailing. o

-~ - )
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L4 'I/HE PENNSYLVANIA STATE UNIVERSITY
OPINIONNAIRE OR TEACHING EFFECTIVENESS N

The College of Engineening is concerned with the quolity of instruc-
q g op wons of stud nts in prder 1o help moinfoin o
high level of teoching. Yov have been rondomly ielected os one of o
somple of 40 students to participote in the systemonc poll on the profes.

A run et provided oy eric [

¢ - 2 or listed below Since losting impressions ore conudered the most im-
- 5 portont onos.- you ore being osked obout instruction you received obout .
.7 two yeors ogo Pleose der eoch q fully Record your -
M opinion by endircling the oppropri fosp ond insert this opinwon-
T noire in the ¥nclosed stomped envelope ond mail. il
N It is essentiol tho! o response be obtained from eoch individuol. To N
wnsure thot all resp ore obfoined, some p must be mode for \
R . contocting those sfudents who do not respond to the first query. Conse.
< quently, the number in the upper right hond corner of the opinionnare™
- will be detoched os soon os ths form is rédceived. Thus your response will
] not be ossociated with your nome unfess you sign the report. *
¥ N Course _
- 1) How would you 5 4 - 3 2 3
4 rate student teachee  Spiong otmos- Satisfoctory Good will & N
. «elationships? phere of good cooperotion 4
’ will and coopere seldom present ¢ .
otion ‘
2) MWare importont  § 4 3 2 R 4 :
. objectives mer? Definitely Foutly well S(ovulé’ -
~ 3) Wos leorning en. 3 4 3 2 7 *
honced by the ’ 2 ? o ‘
) nstrucior’s method  yery meaning. helpful obout  seldom
\ of presentotion? ful holf the time  helpful .
. 4) Wos thinking and 3 4 3 2 1 <.
. independent work Highly stimu- Average Litte
stimulated? fotng stimulation .
5) Oud 9roding proy 3 4 3 2 1
~ codfges seem volid  Doectly reloted  Adequote Slightly reloted .
ond accurote? 10 objectives & to objectives & R
. ochsevement achievement
6) How does this ] ‘4 3 2, 1 )
instruetor rank with  5ig o ihe Satisfactory One of the
others you hove hod  peqr of Overage {eost good
in this University?
N - A\
. . .
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Y
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The six questions relate to student/faculty relationships, ¥
.® objectives, methods for enhancing learning, thinking and creativity, °
. grading, and overall teaching effectiveness. The responses are
tallied on a page showing the distritfutign on each questign from
one to five. A computation is made for the mean on each Ttem.
The results of an individual survey and the distribution for the whole.
faculty population are made available to the faculty member, the
department head, and the dean of the college, for twa purposes: . .
to help faculty to improve, and for consideration in raises,
. promotions, and terminations. It should be stressed that this is .~
only one of the pieces of input for the second consideration. The
faculty is asked to survey their own students to get additional
information to assist with the first. .
1t can be“shown tﬁ%t these student opinions are reliable and
seem to be independent’of the grades redeived. Student opinions
-are important and should be obtained. They do not give the whole
answer, but they should not be ignored.

. The evaluation’of the development of faculty as engineers must
not be overlooked. This, too, may be estimated by the effect upon
the students, as well as from the instructor's activities, interests,
and approaches. The feedback from the student's employers would be

s good, but it would be difficult to trace the-effect to a special
individual. _ .
In summary, a program for the development of faculty is a must.
This development should have two parts: (1) development as an
engineer who can and_does use‘information an current problems;
. (2) development as a teacher who can and does give effective
' guidance (teaching) for student learning. The first can be done
. by programs in cooperation with industries and government -
laboratories. The second can' be motivated by seminars and institutes
on pedagogy at national, regional, and local levels. Both take R
continiial development or 1ifelong learning. Methods for evaluating
the effectiveness of each should be employed with ample rewards and
~recognition for improved and outstanding performance so as to .
maintain motivation. One instrument for doing this is student
. opinions. “dith strong developmentdl programs the day for .
- amateurism for faculty should be past, and the day of professionalism
should be at hand.

.
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'A"PLAN TO INCREASE °
| AND IMPROVE SCHOLARSHIP
) ¢ | ) ' ﬁgsglﬂ élI?:;:cgf Engineering i

Many promising young faculty members fail to realize their _’
creative potential. - Such disappointments are particular problems
for small universities and colleges trying to encourage the growth
of faculty research to support their graduate program and improve
the intellectual ambience at their campus. For these institutions
an important question is: What can the institution do and what
kind of conditions can it provide to help stimulate the release of
these creative forces?

-

To consider how faculty research should be increased, it would
seem worthwhile to consider how the professional environment .
i changes for the new teacher as he begins his first. faculty position.
Although most Ph.D. candidates experience the anxiety associated
with qualifying examinations and thesis work, they generally exist
in a relatively protected environment. Those new Ph.D.'s who choose
an academic career are abruptly faced with new conditions of teaching
a full load, contributing to college activity and, of course,
engaging in creative research. To meet these responsibilities there |
- is now no advisor greatly committed to their supervision and
guidance. There are-no short term goals such as the Ph.D. degree upon
which the creative activity can be focused, and, unlike conditions
in industry, there is no well defined work structure. -«

. I3 »

N

-
L ‘

Structure and Security

© v

Academic research goals tend to be more long-range and vague. .
The lack of structure requires that the discipline' so necessary for .
a successful research effort must come completely from the individual
researcher. In a study of sc;zptists and creativity, Pelz and

Andrews] conclude that "...youhger scientists, perhaps, gain security
from the situation: from their group, their colleagues, their .
chief. With advancing years, security must lodge increasingly in the .
. man himself.” The problems of doing creative work in an envivonment .
. with no external structure is familiar to all free lancers, artists, |
. writers, composers, etc.

The academic instifutions already established -as centers of »

AR
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research provide a work-environment which helps the new faculty
member, usually selected from a group of the best Ph.D.'s, make the
transition between graduate student experience and his first fatulty

position. In an interesting Occasional Paper from ERIC,2 Collins
surveys the available literature in which questions of research

productivity are considered. Collins cites Cr‘ane3 who "gound that
scientists at 'major' universities were significantly more productive

in the number and quality of their publications than scientists at

‘minor' universities." However, the very vitality of major

institutions as resgarch centers mmposes a different set of pressures -
on new (and old) faculty members. .

At these major institutions, the new faculty member most
frequently is assigned a senior faculty researcher under whose
guidance he does creative work. A continuity is established between
his graduate and postgraduate career. Of course, there are now \ -
additional responsibilities, such as teaching and committee work.
However, as a creative person, he becomes part of a team. As time -
passes the new pesearcher is expected to become more independent in
his research. ‘Thus, he must begin to generate new ideas for research,
attract funding from outside sources, and supervise graduate stuodents.
If he failg to develop in this way, tenure is denied him. '

Those jtutions struggling to develop a research capability,
however, find themselves in a double bind. They generally attract
faculty with less potential and then do nog=provide gonditions for
creative work which help to ease the transition from the graduate -
to the postgraduate environment. Havigg fgzer seasoned researchers,
they often hire the new man to carry the full burden of the
creative work in his area of interest. Many meet such a challenge .
and grow intellectually. Too many, however, fail to realize their )
creative potential under such conditions. '

The question of autonomy has been Consideyedfby Pelz and
Andrews.] Tﬁéy write:

"...a relatively high level of individual autonomy
was effective mainly in ... those {situations) which
weré neither ¥ery tightly coordinated nor loose. . In the
latter, where'members already enjoyed eonsiderable freedom;
the most autonomous scientists were below average in
performance."

The institution suffers of course, but 50 does the new teacher and,
ultimately, his students. Clearly, the young teacher who is ¢
releasing his ¢reative energy will be a more vital and jnteresting

teacher. ,] )

.

3

The question those in each institution aspiring to a higher
level of research must ask is: Under what conditions do new young

.2 .
faculty prosper as researchers? Collins” sumparizes the most R
R : T Ve

.
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* direction, but interacts frequent]y and gives the séientists the ' ~

.Newark Program To Increase Facu]ty;Résearch o

significant literature in which “the research env1ronment that best
facilitates the work of productive researchers" is discussed.
Accord1ng to Collins, four themes stand out:

Interacbwn with Colleagues . -

»

I the most effect1ve of (scientists) regu]ar]y interact
with co]]eagues.4 g

2. ... older seientists are less 1ikely than younger ones to
part1c1pate i research groups with €olleagues; but they are also

more 1ikely to make contacts outside the 1aboratory s1tuat1on.5 y
3. Group research efforts are most effective when member's -

average tenure in the-organization is low enough so that they still

have an interest in.'broad pioneering,' but high enough so that the1r

interests have not narrowed to hjghly spec1f1c areas.

.

Interaction mth Administrators, Supervzaors ’

'

1. The scientist performs better when the supervisor/administrator
works in the gcientist's own.discipline and when the administrator . éY

is viewed as highly competent and motivated. a4 ¢ C
2: . The optimal situation seems to be that in which the
admlnwstrator ives neither complete autonomy or (s1c) complete

opportunity to participate in critical decisions. participatory
rather than directive or 1aissez-fajre'1eadership.5’

- N
Diversity of Interegts and Aettvities Among Others in the Organization

17 ... the mere diverse the 1nterests of colleagues who then * >
interact with each other in the research organization, the greater

everyone's resultant product1v1ty.4 6 . L 7 .

P_hya‘!éal and_Financial Resourcos ’
1. ... the ava11ab111ty of funds for research was only

effect1ve depending upon the amouht of autonomy with which a

scientist and/or his organization wou]d use them (sic).

A @

Ihese research findings in the field of, 6Esearch productivity
have formed the basis of a new program at Newark College of Engineering
(NCE) designed.to increase the amount of faculty regggrch. We are
onerof two state supported institutions in New Jersey offering a full .
range of degree ‘programs in engineering. A list.was developed of )
research areasreflecting, to a great extent, natioqa] priorities. = -« :
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assess our faculty competence in each of
these research areas. final list matching national research
interests with faculy interests and ability was subsequently drafted
We selected from this final lisgathree research areas to Brgin our

.fhngram. In twq-cases, en%rg resources and biomedical research,
there already existed a fair dmount of research activity, But with no
apparent coordination. Thus, the faculty engaged In these two areas

in research. We tried

of research had no external funding to support their efforts. In thes

third area, noise abatement, no current activity existed. However,
a numbey, of the faculty were working 1n the closely related fields
of acoustics and vibrations. Research groups were formed in each
of the three areas.with a.senior researcher chosen as leader.

Several young, inexperienced facwlty members were included with
the veteran researchers in each of the groups. The functions of each
group were to develop and coordinate research activity in their
particular areaz Toward this goal they.were expected to conduct

_ research, organize seminars for their_group, attend courses elsewhere
if necessary, survey the literature, and reéonmend appropriate

Pyrghases. - 5

. To initiate~and coordinate this program we. formed a
coordinating committee comprised of some of our most mature and
experienced researchers. They were also selecjed because they
represented a broad spectrup of interests and backgrounds 3 and
because they had “been sensitive to the ebb and flow of research
interests nationally. Additional criteria for selgcting the
members of this committee were their interest in teaching, in the
“rofessional activities of the younger faculty, and- in the
professional growth of the college. The responsibility of this
committee has been to" identify the areas of research in which the
college ought to get involved to maintain its recency, and to
maintain a knowledge of the research interest of their colleagues
with particylar emphasis on the younger people.’i t
o »

Although none of the initial three groups was given a specific
budgét, they were all encouraged to request funds from special
account as needed to.support theiy efforts. In the fies year
these funds were expended in sending members of the groups to .
conferences, in taking courses, and in purchasing supporting N .
documents. In addition, they visited various industrial and .

* government laboratories whenever they felt these visits would
further Support their activity. ' . . ——

. 2

Organizationa] Problems . < s

In organizing this program we have encountered several problems.
First, it was” impossible to find people for the coordinating
committee meeting all of our criteria. Second, each'miember of this
group, although enthusiastic about the program, has his own
professional interests which include nine hours of teaching. Thus,
they are ‘not able to make a continuous contribution’to the program.
_ However, the Associate Dgﬂn for Research, who chairs the ,coordinating

»
A
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committee, has provided the continuity. Third, we have not been able
to identify competent leadership.in each of the areas in which NCE
ought to develop some research activity. At a time of decreasing
engineering enrollment .we can't hire people with leadership_qualities
and research experience as we would 1ike. Fourth, we have encountered
resistange from some of our more,experienced faculty at the idea of
being diverted from their immediate professional activities to
provide leadership of a group. In this last situation we have divided
_the leadership of the group between an experienced older man and a
younger Eb]]eggue. This procedure has worked extraordinarily well.

The younger man in each case has pursued his tasks with vigor and
enthusiasm, and as a result, developed leadership and professional
talents. Of course, no member of the faculty was coerced into becoming
identified with a group effort. We therefore lost the potentially
valuable help of some experienced researchers who preferred to work
alone, as did some of our younger faculty. /

' TheAéiiociate Dean for Research, who is himself engaged in an
active resé®rch program, has mainted close personal contact with each
of the groups. An atmosphere of mutual respect has developed betweqn

e members of the groups and the dean. This climate of cooperation
between the administration and the faculty groups has been extremely
helpful in resolving occasional personality conflicts and in jointly
working out funding priorities.

The-program has been ,in operation for one year. VWe feel that if .

this program works, significant imcreases in research productjvity at
the college will not be realized for at least three (or as maty as five)
years. However, a progress report can be made on the firdt year of
activity: g .

More people at the college are currently engaged in coordinated -
research efforts. Interesting proposals have been written in the
areas in which we already have expertise. Thses may not be funded, but
it is ovvious that the groups from which these proposals were generated
will write others. The group which is in the process of developing its
expertise is ready to develop a specific research program. Most impor-
tant, the climdte .for research at NCE has improved.

" ®

Our hope is that the program we have been developing at Newark
.Lollege of Engineering will help our institution in two ways. First,
younger faculty will find the conditions of their transition from
gradiate school to their first teaching position easier to make, so
that they can more fully realize their potential as teachers and
researchers. Second, the research activity at the-college will change
for the better both qualitatively and quantitatively. .

Conditions for Success

@

The program as outlined above would work at other institutions,
provided several key conditions weré to be met. First, some level of
research effort must already exist at the institution so that a small
group of leaders among the faculty can be identified. In addition, a
nunber;gf potential r;iearchérs must be present who could effectively
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work with the establiéhqd researchers. Leadership available should be’

in fields which are growing in national interest. If such leadership

does not exist at the institution, a few carefully selected appointments
must be made. Ovérall support must be provided by the adminisgration
to assist the researchers whenever necessary. - The level of institu-
,tional commitment to research must be high enough to justify the

apppintment of a Dean for Research, a fully dedicated persgn, with a

budget sufficient to provide a measure of internal research support,

some academic support (short courses, conferences, visitations,
©  seminars), adequate adminjstrative assistance for handling proposals,

- reports, papers, and even some equipment funds. The institution must
provide release time for researchers to enable.them to comit, at L
minimum, one uninterrupted day per week to their creative efforts. _
A clear commitment by the administration to.the criterion of scholar-
ship as one of the paths to advancement would be additional and
tangible signs of the in%titutional dedication to’creative research
Qs oqs of its goals. . ’

-

NIn sum, thé institution must identify “leaders and potential
researchers. The administration must commit itself to Supporting
scholarship by providina leadership, dppropriate rewards, and economic
support. Finally, the administration must demonstrate_ an understanding
of the-special nature of creative work.
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' fAI.\MOST EVERYTHING '
YOU'VE EVER WANTED TO KNOW

R "ABOUT ELECTRICAL -
ENERG_Y MANAGEMENT

-~ . \ *  MWayne L. Stebbins
. N . \ Fiber Industries, Inc.
. 1‘ . A b
“Abstract . ) i

Energy consumpt1on during 1976 at the four Carolinas manufacturing
ants of Fiber Industriesy Inc. (FII),, dkopped 10.2 percent from 1975
Is as the result of a v1gorous ninezpoint energy management program.

,

T 10.2 percent drop in energy cons mpt1on trans]ates into .
$3.4 myg}1o Jdn savings and the non-use of %.2 trillion Btu's (British
thermal units) of gneérgy. The latter is roughly equal to the amount of
energy required to heat 12,200 norma] sized Qhar]otte area homes for an,
entire year. - .

‘ ~ ' IR ‘ ¢

With over half of the annual FII energy‘do]]ars being spent for
electrical power, even a small percent reductjon in kwd and kwh results
in significant savings. . . .,

This paper details the FII electrical energy management program,
in¢luding the basic program organizatiyn, a re&1ew,of current equip-
ment available, techniques to employ and p1tfa§15 to avoid, evaluation
of claims made by vendors, response to poss1b1e upccm1nq peak load
pr1c1ng rates an3 current areasvof activity. E

Background ‘

Fiber Industries is a Celanese Corporatidn subsidiary broducing
polyester and nylon ,fibers. The ‘company is owded 62.5 percent by
Celanese and 37.5 percent by Imperial Chemical}lndustries, Ltd. of
Great Britain., —~ - f

i .
FII headquarters as well as the firm's e tens1ve rdsearch and
development operations are located in Charlott F The company
operates man-made fiber plants near Salisbury sand She]by in North
Carolina and near Greenville and Darlington 1q South Carolina. *
P >
- The combined kw demand of all four p]ants “exceeds 100 ,000 kw, .
with an average monthly load factor of better than 90 percent. In
1977, it is projected that FII will purchase approximately $19 milion
of electricity. This cost would be closer to $21'million without the
intense effort directed to electrical energy management. ]23'

.
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. In some product lineS, the cost of energy is second only to raw
materials in terms of cost per pound of final product, ahead of labor
and capital. With monthly electric bills of over $500,000 at both the
shelby and Salisbury plants, even a small reduction in kw demand results

-in a substantial sa!ings. . .

_‘Organi}ation N

In the view of FII, the basic tasks of ‘2 successful energyvghn;ge-
ment program.are to: (1) maximize producer energy, (2) minimize con-
sumer use of energy, (3) maintain a high energy load factor, and (4) use

~

energy in its most econamical form.

, - .

Sinct 1973 when FII wnitiated its formal éneray ‘management program,
the approach has been centered around the Fixst Law of Energy Management
which states that, "Plamt Ytilities Are Always: Adequate To Meet Produt-
tion Demands". Put in Qther words, whenever pRodqption or output of a
plant is threatened because the supply of an energy source or utility is
1nadequate, the consumption of that utitity declires to the level at
which the plant can meet the production targets, until a new energy
source is developed.

For éxaMple, productian at one plant was threatened due-to one of
three steam boilers being down for emergency repairs. Quick action by
the plant maintenence and operating personnel located and corrected - «
numerous smadl steam leaks and faulty steam traps, to the degree that
full production continued with only two steam boilers on,line.

Y v

The challenge of enerdy management, theréfo;af’T;’:: create an
energy awareness and to provide the tools which will reduce energy con-
sumb;ion on a continuous basis, to the low levels which are achieved
during the emérgency situation, BUT to do so in a manner that does -not
strain plant maintenance,~engineering and operating personnel. FII is
not an energy company. Energy and utilities support the main function
of the business-which is to make quality nylon and polyester products
at the lowest possible cost. y . .

As.with any .cost _reduction plan, the. success of the energy manage-
ment program depends on the response at the plant level. At each FII
plant, energy coordinators are responsible for seeing that: (1) interest
is stimulated in energy saving projects which will result in real and
lasting savinos, (2) operators and foremen are provided with the neces-
sary toels to become a part of the energy management team, and (3) energy
management is an integral part of each department's operation. FII has
followed a well structured apprgach to energy management, centered :
around the following nine major‘guidelines » L e ;

1. Obtain Total Management Commitment » . .
This usually means first getting the commitment of _the president
of the company. Witho comnitmént, energy management is
doomed from the start. .

. - . - ®

2. Obtain Emple eration . .
Simivar to the first guideline, the\cooperation of the operating
.peopleds vital to the success of ;h energy management program.
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. 3. nake Appropriate Energy Surveys -
While this may appear fairly obvious, it is amazing how 11tt1e time
anid effort is dedicated to this step. A thorough survey pays of f
every' time,
% . -

4. Andlyze Survey Results
Now that all the data are-available, what is to be done with it? >

Here again, often too little time is devoted to analyzing where and
why energy, is used in each part of the plant.

5. Set Conservation Goals
. Tt is difficult to set rea11st1c goals at the first attempt but it
: is necessary, for without goals the plants have nothing to strive
N for, or no method for measuring performance.

.6. Develop Reporting Format
Good communications are vital to energy management, just as they are
to any other program.

7. Implement Engineering Changes ’

. This gquideline covers the complete spectrum from merely disconnecting
excess light fixtures to the addition of computer-based enthalpy
-controls oft air washers to use outside air during winter months.

8. Provide'Necessary Equipment
While’ adequate equipment is obviously important, it is sometimes
diffiftult to resist the urge to overkill, just to assure that the
project will be a success. For example, putting in a minicomputer

- to merely 1pg kw demand, when a simple data logger would do the job

at one-tenth’ the cost. : / R
}
9, Mon1tor Results . - i
The tenaency s for $1tuat1ons to .return to their previous state
Aafter a change has occurred, unless continued monitoring is carried
,out.” Here is where an otherw1se 'successful energy management program
s , may. suffer. defeat after six months or even several Years unless con-
t1£ued monitoring is recognized as a major requirement.

- QM11e.mfnor rearrang1ng of "these qu1de11nes may be required from
time to time, the success of the entire program depends’ upon a step-by-
step approach, with each stage dependent upon successful comp]et1on of
the preced1ng stage. <

The major. thrust of effort at FII has been to make people aware of
: the importance of energy management, to provide the necessary tools,
techniques and equipment, and then to continually monitor the results
to ensure gains that have been made are maintained.

)
. Power and Energy Data -

The upper part of Fig. 1 details ‘in simplified fashion how the kw
" demand value is obtdined from the ytility kwh meter. Each time the
meter disk makes one complete revolution under the influence of the vol-
tage and current cofls, the photocell energizes the relay and transfers.

~

.
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contacts A and B, providing a kwh output pulse. At the end of the demand
interval, usually 15, 30, or 60 minutes, a clock pulsg is given for two
to six seconds, signifying that a new interval has bzghn.

-The A, B, and clock contacts are used by the demand monitoring or
control equipment to develop the curve shown in the lgwer part of Fiq.
1. The kwh pulses are merely added to each other over the demand
interval. A line connecting the tops of the columns of pulses describes
the accumulation of kwh pulses during the interval. The actual kwh per
pulse and the number of total pulses recorded during the interval will
depend on the plant load and the PT and CTvratios for the specific kwh

. meter. The fictitious mouse fanning the lower bearing in Fia.-1 illus-
trates that the disk speed increases proportionally to an increasing
demagd ﬁ?r power, hopefully not to the level that causes bearings to
overheat ! . ’

1t is important to note at this point that the slope of the line,
mathematically speaking, is defined as rise over run, which is kwh
divided by time, (one half hour in this case), which is equal to kw
demand. That is to say, the total*kwh of energy consumed, divided by
the time over which it was consumed, yields the average kw demand for
power over that time interval. This means that by detecting the slope
of the line early in the interval, corrective action can be taken to
reduce the slope by shufting off loads, lowering the average kwd to a
more.acceptable value. It follows that a flat Tine of zero slope would
indicate no further energy consumption, a zero demand for power. Taken
to the extreme, a line with a fegative slope would indicate negative
energy consumption, with a reveysal of power flow; i.e., on-site genera-
tion of power back into the utitity company's transmission system. This
could oecur if lar§e capacity generation equipment was a part of the
plant utility system. . s :

el . \

.

The exact length of the demand. interval will vary by power company,
,one of the most common being 30 mingtes. This interval length is mpst
_ frequently associated with the time for power company generators, trans-
formers, and transmission lines to huild up sufficient heat due to
- overload conditions to do permanentsdamade to the equipment. '

However, as kwd peaks increase, and as a few power company customers
attempt "peak=Splitting", the demand intervals are bging reduced to 15
or éven five minutes. In a few cases, a “floating+interval® is used,
where there is no identified beggining and end to the interval. The kwd
peak is then the highest average kwd for any successive 30 minutes during
the power company billing period. There are some extreme situations
wherg the power company will refiise to su@ply the customer with kwh,
pulse information. «In that case, the customer has to install his own
PT's and CT's and appropriate kwh meter or other transducer, if he wishes
to obtain kwd information.

t

The data in the chart shown in Fig. 2 are somewhat different in
nature from that in Fig. 1, in that the ordinate is now kw instead of
kwh, and. the abscissa is now days instead of 30-minute intervaly. This
"Profile of Peak kw Demand at the FII Shelby South Substation" illustrates

A

Aruitoxt provided by Eic:




>

tbé fact that the plot of Highest average daily kwd values can hbve a
positive, negative, or zero slope, and still represent a valid profile
of the plant’s demand for power over a given period of time. In this
case, the chart in Fig. 2 illustrates the six days that manual load
management procedures were used to limit kwd peaks. Theozgggg;company

.

contract under which the Shelby. plant operates includes a JZ-month
100 percent demand ratchet; which provides a strong econoftic incentive
to stay below the previously established kwd peak.

Available Equipment

By this time, the reader may have suspected that with all of the
money to be saved in electrical energy management, many manufacturers
would have jumped on the bandwagon and started marketing some sort of
monitoring or controlling equipment, This is éxactly the case, and at
last count, over 75 manufacturers believe that they know how to monitor
and control electrical power and energy.

While space limitations do not allow a review of all available ¢
equ1pment the vendors listed in Fig. 3 are a good cross section of what
is available“on the market today The control schemes are divided by’
cost and capability into four basic categories, from simple manual
surve:]]ance to total energy control systems.

Category I describes the monitoring type of equipment which logs
kwd data and alarms when a preset value is reached. The success of this
system relies on the proper action by the operator in carrying out manual
control of demand. Over the past two years, seven of these units have
been installed.at the four FII plants apd at the R&D Center in Charlotte.

Two of these demand recorders were installed at the Shelby plant
in July 1975, at an approx1mate cost of $5,000. During the first year
of using the records in conjunction with a manual kw shedd1ng program,
demand charges in excess of $30,000 were avoided. Similar results have
been obtained at the other plant locatigns. This experience has proven
that the proper apprQach to electrical energy management is to first
monitor the incoming power and energy, and develop a methvd of manual *
control before investing in more sophisticated controllers.(1)

Category II describes the hardwired type of equipment which
actually makes decisions about when equipment should be shut off, in
what order, and for how long. The shed and restore sequence and the

. equipment pr1orit can be easily changed by the operator using plugs

or switches on th& frént of the controller. This type of equipment is
usually limited to demand control only and the associated energy savings

" which may result.. For thjs reason, it is most frequently used in small

ERIC

buitdings and plants where more sophisticated capabilities such as logs,
charts, and equipment optimization are not required.

Category Il describes the minicomputer type of equipment which

L

1

H
H
H

has the capability of demand and energy control as well as logs, a]arms,.:

trend charts and optimization routines. In fact, the capability is
limited only by memory size and I/0 expansign. A word of'-caution is
necessary at this point. One of the major/computer manufacturers was

-t
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called in to discuss the capabilities of his_system. It was mentioned
that FII desired to investigate the concept df enthalpy control of air
handling units by computer control, and at that point the salesman asked

- how to spell the word enthalpy! This experience pointed up the fact
that there is a very wide range of.capability and proven field experience
between vendors of computer-based energy management systems. The wise,
engineer takes everything the vendor.says with two grains of salt before *
believing any of his claims. Also, keep in mind that the software pro- .
gramming cost can equal and sometimes exceed- the hardware cost, especially
if the customer has to do the bulk. of the system development work.

A Category II1 system is currently being installed at the Salisbury
plant, which will initially perform demand control as well as energy
reduction through cycling of about 30 air handling units. Future poten-
tial applications include enthalpy optimization of the same air handling
units, chiller optimization, (most 1ikely in the open loop), data collec-
tion for utilities monitoring, and other energy management tasks not yet
defined or even thought of. < = . 2

Category <IV describes the total energy control type of equiprient
which has all of the Category III features plustcomplete monitoring and
control of several thousand points. It shoild be realized that a certain
amount of overlap exists between Categories III and IV ‘equipment , depending *
on the vendor involved and the options under consideration. In general,
the Category IV equipment is best suited to large plants, large office
buitdings, college campuses,.or any application where thousands of points
must be monitored or controlled, usually via some ultiplex method of
data communication. .

: t

)

S

Survey Techniques

\ It became gpparent early in FII's enerdy management experience that
\ many vendors glossed over the importance of taking a survey of the plant
« \ loads to identify those that were .really available for demand*control.
\ . In some cases, the vendor acknowledged that such a survey was necessary,
but underestimated the time and manpower required to do™a’ thorough job.
It thus became apparent that a formal, st@ndardized survey method had
y to be developed if any truly useful information was to be obtained.
\ The outcome was the survey form shown in Fig. 4. Using one sheet for
\each motoér control center (MCC) in each plant, all loads of five horse-
ower, or_five kva and %arger, were, tabulated and evaluated regarding
heir availability for use in the electrical energy management program.
\ > . .
) The survey apprdach involved using current updated electrical
e drawings where available, backed up with field checks to verify exact
conditions where questions existed. Approximately 60 manhours were
required at each plant to complete the initial survey, with a minimum
of follow-up time to resolve occasional questions that arose when
reviewing.the survey resilts. X s . .
A similar form was used for detailed 1ighting surveys in each
plant. The sample lighting survey form is shown in Fig. 5. The typical
1ighting survey covered tow days and one night at each plant and has

resulted in significant 1ighting reductions™in some plant areas. .
“ 128 o o E .
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While the resu1t1ng dollar savings were sometﬁizg not as significant as
those found in the motor survey for demand control, the lighting reduc-
tion programscontinues to serve as a constant v1sua1 reminder to the
plant personnel that FII is engaged in an ongoing energy management

program.

- ™~
Where Do We Go From Here? # . -

The current electrical %nergy management program centers around
several main topic areas. If is now apparent that peak load pricing
rates will be made available t6 50 industrial customers selected at
random in North Carolina in the near future. An agalysis of the pre-
liminary peak load rate schedule proposed by Duke Power Company indicates
that FII would not benefit from being on such a rate in its present form.
The development of this rate concept in North Carolina will be watched
closely, and if seen to become economical, could give rise to new_ energy
management programs such as rearrangement of certain plant operat1ons or
the capital investment in chilled water storage for making large quanti-
ties of chilled water dur1ng off-peak hours.

- A current electrical energy management program involves improvement
of the eff1c1ency of the electrical system. As shown in Fig. 6 the
overall system's efficiency is only approximately 81 percent which in
N 1977 will result in the loss of several hundred million kwh and several .
million dollars. This does not include the additional costs associated
~ with the additional air conditioning required to remove the heat result-
ing from this lost energy. “
The detection and changeout of large underloaded induction motors
to smaller and/or highér efficiency induction mators will contribute
greatly fo improved system efficiency and power factor. The detection of
such.underloaded motors is greatly aided by the use of a portdble torque
, analyzer ‘regently brought on the market. It is basigally an optical
‘ tachometer calibrated to read out directly in percent of shaft horse-
power to the 1oad. (2)" The principle of operation is based on the fact
that the slip rpm of an induction motor is linear from 10 percent ¥oad
to=110 pércent load.

- . -

The greatest benefits of the torque analyzer appear to be 1n the

following areas: -~ J -

1. Ability to quickly locate Underlaiueq induétion motgrs; '

2. Ability to watch loading of equipmenf verSus other conditions
such as throughput, filter conditions, temperature and pressure;

1 3
Ability to determine true motor efficiericy Zt any load when
‘used in conjunction with conventional kw monjtoring on the.
motor input leads; - v

4. Ability to assist in sizing future motor requirements based on
actual load dat& and

129
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5. Ability to assist maintenance mechanics in periodically checking
mgsor loading, which would help detect worn bearings, clogged
filters, etc. . . _

Other approaches to improving electrical system efficiency include

the possible changeout of eddy current clutch drives to d-c drives, the
. addition of capacitors for power factor improvementy and the use of
permanent magnet a-c synchronous motors for the variable frequency
inverter drives on the spinning machines.

Other current programs are centered around the evaluation of computer-
based systems for the optimization of chillers, steam boilers and air
///compressors. The advent of the micro-processor for dedicated tasks such
as optimization presents new cost effective opport“ies.

Summar

This paper has presented the FII electrical energy management
program with details erganization, equipment selection, survey
techniques, and currert areas of activity. While space does not permit
a detailed review of g11 data, concepts and activities, ityjs hoped
that the informationpresented will whet the appetites of é‘ese involved
with the generation/ control, measurement and use of electrital energy,

to do further invegtigation into the challenging field of energy manage-
= ment. -

L

Footnotes: , .

(1) The Application of Electrical Power Munitoring Schemes at a

Polyester Manufacturing Facility, by W.L. Stebbins, presented at
- the Spring, 1975 IEEE iextiJe_Industries Committee Conference at

Charlotte, N.C. .
(2) Portatorque Analyzer Model PCM 2020, marketed by RFD Instrument
. * Company, Inc., P.0. Box 548, Elgin, Texas 78621. 512/285-3385.
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