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_ PREFACE )

The following document is the final techmcal report on the
materials. developed under contract number NE-C~00-3-0075
with the National Institute of Education by the Computer
Technology Program of the Northwest Reglonal Educatlonal
Laboratory. The purpose of the report is to document the
development and evaluation of the product contracted for:
Data Managenent & Decnslon Makmd . .

AV
This report is designed to be of use to a variety of dlfferent -
audlence's\* Tile cummarg given at the beginning of the report
provides information on the effectiveness of the Data Management
& Decision Making materials for those interested in adopting
them for instructional use, The body of the ,report gives a
detailed evaluation of Data Management & Decision Making
and provides evidence of successful completion of the céntract.
'This report is-not intended to reach &ll possible audiences
interested in these materials; this will be attempted by other
means. '

R

~ 0

A number of persons on the Computes Technology Staff were
involved in the development and evaluation of Data ManagLement
& Decision Making, Stuart Speedle and Susan ‘Sanders were

. the primary developers of the materials. They were also ‘
responsible for conducting the formative and summative
evaluations of thevmaterials. Duane: Richardson servec} as
pro;ect director and was responsible for the overall management
of the project. Antoinette Ellis served as the editor for these
materials and Nancy 'F, TZ0 performed all secretarial dutles
assocnated with the prgect

£
—Partlcular crratltude must be extended to several persons outside
the Laboratory who were helpful in completing the project. The
help of Drs. Ralph VanDusseldorp and Francis Miles in o
implementing the field tests is gréatly apprecnated The reviews
of Drs. ‘John Lind, James MacNamara, Donald Treffinger and
Ralph VanDusseldorp were extremely helpful in rewsmg the

materials. . _ «\ J

-

I
A f

"Any questlons recrardmg Data Management & Decision Makan' I

should be’addressed to Dr. Duane Richardson, Computer Technology -
Program, Northwest Regional Educational Laboratory

~
"

\ SR : <
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THE MATERIALS IN SUMMARY*

e <

A%

Description of the Materials . . .

’

Data Management & Decision Making‘; is a set,of instructional

materials designed to teachgpracticing and potential educational administrators "

about the uses of operations research in educatiopal administration. It

_consists of five units: o T a

1. "Operations Research in Education"

-

‘2. ""PERT/CPM: A Planning and Analysis Tool"

+

, 3. '"Linear Programming" £
' S ' i .oa
4. '"Queueing Theory" : .-
, ‘ 5. "Computer Simulation" -

'

_ The first of these units is designed 2s an introduction to the other*

four, and jis intended to be an "organizer" for- the other unifs. Each of

Ed
[} ¢ %

. ’ f
the units introduces a specific operations research technique and provid_e_g_‘;l_‘

<

instruction on the‘basic, terminology and skills involvéd in the. tec.:h'niqqe. '

Each anit giyé§ the L:ser practice'in the .iarocedures of the i:e_chnique'aud -ln .
« . -

usin'g the compute'rized versions_ of'the teéimique,. In egch case, iqs‘trut:tloh

- -l‘
i

- -

v

* 08 i)rovided in using the computcy terminal, 'inputting,tvhe data, and .

-

¢ v : : ’
', - interpreting the output of the computer program.. Throughout each unit,

(WS
/

; . , ) e
exdmples from the field of ’edqeﬁw,u/gre used to illustrate po;inf’ and
propedﬁre's', and the final portibn of eagh unit disclisses ‘how e technique

o 3 » >

can be used in solving problems in ‘educational administration. The units
+ - . . ¢ - . P .

[y ’ » . e ’ . ' . ! . .. . . \: ’
are constructed so that the user is made aware of the instructioral ' "
'« objectives ‘of the unit before starting work on it and exzrcises are - ° -
- y P h . .
N / ’/ . he

Y °
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- ) LY R .
interspersed throughout the tests to give the user practice-if using thé.
oo h N e .
concepts covere '’ ‘ L
* As the titles of the units listed above indicate, the materials are
concerned with four specific operations research techfiiques beginning with - \

PERT, which is a technique for planning the "allocation 6f resources in

. .

: .
large projects. The second is linear programming, which is a2 mathematical

-

: - . - <
technique for optimizing such quantities as cost under conditions of -

N ’ hd .
cons‘raints. ' Queueing theory, the-third technique, is a mathematical

. . : . ~
methed for analyzing situations jn. which a queue or line of customers
. : “ .. \

must wait for some service. The final technique,. computer simulation,
- - . . . .

1 N i LT ..
‘, a -much more gen‘eral problem sblving,method. It is the process of

using the cdmpul:er tio investigate sitﬁations in” which it is too dangerous,,

! L -
i

* expensive, or,would)take'too long to experimeﬁt with the actuai situation.
The two exaﬁnl;les that are used as. illustrations in the text are bus ;

) s N
routing'jand enrol'ment prediction. ‘- o - .
Evalua;ion‘ of the Materials ) B T 7

»~ . . . -

. . K
‘These materials were subjected to extensive testing and rzvision

as a part of the developmental project. ~Thé first step in the development . .'\

A >

- .- was to determine whether the goal of the materials was worthwhile and -,

N
“y .
- <

" “fulfilled a need. This was first attémpted by reviewing the literature in
. . . - ‘ ‘ ) a
. . . .. - j : N
educat‘anl administration. It was found that a number of experts in-

. 3 v . ‘ ‘ R . . \
" ""\ educationﬁl_ administration held that the operations” research techniques
g A A, i ) | N

covered in thes

&

materials could solve important problems in edpc?.tiopal I

“.administration and that training in thece procéddres was needed. This - A
* : o ' hd > o . : " . . / - ) ’
. 4% provided justification for the initial development of the .materials., . ;

.. - - 2

s ‘ 10\ _ o

‘\.. 4
*




~ a need for the materlals, though it may not. be pressmg

Futther evidence of need was soughtby implementing 2 needs

. assessment amoang the target populations--students, administrators,

. a
-

This was accomplished

. Al
. . r
A questicanaire’ -

andvprofessors of educational administration.

/Ky ~urveymg samples from each of the three groups.

was deswned to ellc1t subJects' opinions abont the’ meorgnce‘ of problems

solved by the four operations research techniques‘ andgtheir percei{rerl‘heed '

» -

for training in these techniques. Subjects were cooperating classes of

- 1

&. . . o ) . . P
district officers, and a random sample of the American Educational ¥

i , . .
. ‘ r'3 ~

Research Associations members 13 the Admlnistratlon Divisten. The

sample totaled ‘550 sub]ects., The outtome of this ne\eds‘ assessment was

&

- that in all three groups, appr,ommately 50% of the respondentS)lndlcated L

‘a high need for the techniques and more than 70%\indlcated that there was

_ It was concluded

o,
-

that. tnEre was ev1dence of need in the geneml populatlon of /idm mlstxators

(4

and professors of educational adm't_nist-ratlon, but thzt the conclusmn\conld .

-
1

not be quite so strong among cudents since the sampllnv p_rocedures did

.~ *
’

'rﬁnot permit it. . This survny provlded further justification fol' the d& velopment

4

-
-

- -
\

, *  of the materials. . .
. . N i L I b ) ;
N . . After (be jpitial devklopment of the materials, they were subjected to

-
- -

. ; . LI : .
two rounds of formal evaluation. In the first, the pilot testing, the materials

~ The sample conslsted of 82 students who

o

were tried out In college classesl
. R

were both regular students and practlcmg adminis rators. Eac“h' snbject was.

Ld
. .
o

randomly as51gned one of the technlque unzts and Avas given a pretest over
: ] &

. X !
: - 1 ' -~ q . { ' N » .—.
. . R \\ . 4
\ \ . ;
. i -, , .

.students, in eddcational ad:cninistratioz; a random sample of chief school -
. o . s T .
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1

the uvnit's cognitive and affective objects. The unit was then studied for

approximately six to e’ight hours. Each student then took.a posttest over

-

the muterial's objectives. At the conclusion of the testing, a random

——

. sample of students were interviewed about the materials. The results

. , 4
indicated three outcomes:

e

1. In each case the tnit caused significant learning’ with r,éspect,

to th’i. objectives of instruction.

In.each case, the unit was associated with positive changes

.
[
..

.- . in attitudes towards operations research in education.
3. In each case, the students reported that they found the .

materials to be motivating and relevant.

’,

- After completion of the p_i'l'at'test it was determined that Data

..

‘and how do these compare with fhose of their competitQrs?

Management & Decision Making (DM/DM) was sufficiently developed for

7

a summative evaluation by.the'developers (a possible source of bias).

The summative evaluation of the materials was concerned with several

+
- - -

issues. First, could it be confirmed that the mzﬁe_rla.ls caused significant

learning, for both the cognitivé and affective objectives? Second, how

does this learning compare with that caused Qliy likely‘competitoi's of the
DM/DM materials? Third, what were the sidé‘ effects of using the DM\/DM
. . . ' S ‘ K .

“materials and how do they compare to those of the competitors? ‘And-

’ d "

_ fourth, what were the costs and benefits of using the DM/DM materials °

> \
-

£ . -

L3 . ™
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.. consxsted of 102 college students drawn RO AR L .asses in

i

.

{ - The first part of the summative evaluation was a field test of the
> : Ce * .-
°materia1s again'st their.'competit’ors. The sample for this field test b';i"'

-

~ =

'

educattonai admmistration at two differm o "Hwowtey  With certain

.
o

exceptions, eachJstudent was randomly, assigned two umts.'to'study-—a'

‘ B ) o ' .o *
\DM/vDM un]t and one of. the competitor units which did not correspond -
. - 3 . S L

to the DM/DM unit. In two cases only one unit was assigned. Eack

-

i

, stuclcnt took pretests over the twe units ass1gned to him and then posttests '

after finishmg the materials. Generally two class sessions were allowed
for the experiment, but some fclass,es-used- three sessions. ~ At the
termination of the last session, students also filled omt a questionnaire

,"‘ *

Fad

" giving ‘feir reactions to the materialS- . | ‘»

l X Y \ |

e There were two major results of this field# test. First, .the

4

' stgnificant 1earnmg caused by each of the DM/DM units in the- pilot test

\,,.

: was c}onﬁrr_ned for the,cognitive\obJectives. In no cise was an average,

of less than 60% of the 'instruct_ional objectivés. achieved for a "unit, apd

- this was always avsig‘nificant gain over perforn;ance on the pretest. ‘With

“respect to attitude .chang"e, no information was obtalned from the field test.

However, using inforniation previously obtained, it was determined that

the materials did not causc -any'overall significant positive change in

. the students started the units.

- - . . s
attitude toward operations research Yet, it' is important to note that the
¢ - :
attltude instrument indicated that these attitudes were quite positive before

.
1
-

. et i e v

N - - . '. ’~-\‘\_\
| - [ P




\ ’ . . A ) - ' ' :
Wltﬁ &spegj_ to the éompetitors,: the results were mixed, 'thougin

Yo, / e M wooo . )

o ’ i.n no case did thé-DM/bM mgﬂterials dp ‘worse than the, c._ompeéitors. uy
C s;:\ierai casés thé V'I)IVrI\;/D'iv_I_V;material's_v wene associated W;lth significantly - .

.

better performénce th_gh their competitors--PERT/CPM, Linear Progra.mmin’g,

£

and Coﬁxputefﬁ@iﬁmlétion_? But these regults depgmsded on whether or not

the unit and its (c_oﬁipetitq;- ‘were compared on°the full set of ccgnitive }est

-
[y

.“items or only those test items which . the two units had in common. +There
. ’,W': . L . . i o

was o consistent pattern. This, “the conclusion ‘was that the DM/DM
. e I

// i o ! .
materials /do cause learning.and they sometimes do better, and never

! " worse, éan their likely compe_titors/ in the educational marketplace.
¥ k

S = -+ .  The second area of concern in the field test was side.effects of the .

o | materials, where side effects were considered to be unéxpected 6utcomes~'
. of the materials. This data was obtained by_interviewing the principal = .
the responses.of the students to a questionnaire.

-,
g A .

s f :

"Due to the.nature of the data collection, oi);ly information: on short;-_tel_'m: .

L
instrdctors. and analyzing

. ! \-_ B
" side effects was obtained. "The re_sillts of th\‘i_s‘ investigation Indicated that

the primary side effects of the DM /DM materials had to do with the

computer. Students reported and instructors obseryed that students learned

-~
. . < ’ Tuwo o ’ .
to use the ‘computer as a problem solvidg tool, they gained confidence in

- .
e

using it,‘? they wanted to participate/ in additional use ,of the co_mpﬁter, but

~ they became somewhat frustrated /when first using the terminal. Positive

. . side effects of the materidls themselves were that a majority of all users

’,

. would recommend the' materials to others and that students wanted to learn
o _— - . . . :
more about operations research in education. However, a sense of. ?

14 | N 1

- a



frustratlon with the jgterials Wwas- expressed by almost all students The’

side effects reportgd for the competitors were e%sentlally similar to- those

° ® - d \

re'p’orted for the_'DM/DM materials except they were smaller in number

and there were not any aSSoclated with the computer 1t v'vas con'cl\u@lfd_ .
that the DM/ DM mﬂterlals have morr side effects than thelr competltors

. and that these side effeCts ar~ .. )s&’lve a.nd‘had to do; with the

computer.

oA

The final ppaye of the Summative evaluation dealt With the costs

and behefits of ugipg the DM/ DM materials and how these compared with

those of lts competltgrs ' CoSts such .as cost of the materials, computer

; uSage, lnstruc ors§, apd lo/st personnel time were identified as the maJor /f,_,,/

KA - -

g
. T

cost sour(‘es howeVer, the total costs of usmg etther set- of materlals is

"

hlghly varlable baSECl on how the,matertals are used Thus, the costs of

using the DM/DM Myterisls ranged from $41 in the least expensxve

| condltlon of self stﬂdy to $3 500 fot.a most expensxve condltlon of a four
‘ 1

day workshop for 15 admmlstrators Costs for usmg the %mpetltors in

9

thejame condttumé weére combarable, ranglng from $45 to $3 400.

L

A\

The ‘benefitg of the materlals were considered to- be the obJectwes

e

w..  fhat they met and thy side effects they demonstrated..’ Thus,' the' Primary

beneflts of the DM/ DNI materl&ls are the knowledge and skllls lmparted by

the materlals a< desgflbed abOVe. The beneflts of the competltors are’ }
essentlally the same, BXcludlng those obJecttves deallng with us{ng the
.computer as a provls;:(l solvqlg tool As stated previously, the Slde effects -

!

* of the D'V[/DM matel\lals were also- assoc lated with the computer, ‘while - the




i
~side effects of their competntors were ne gthe ~The DM/DM materlals
apneartJ to have more benefits of use than dld thelr competitors Thus -

the conclusmn of the cost and’ beneflts study was that for about the same

' cost’s‘s its cornpetltors the DM/DM materials prov'ide more beneﬁts-for

L thé user in terms of knowleodge ahout, confldence in uslng, and awareness

e

of the usefulness of the computr‘r as a problem solving tool in ed: catlonal

administration, i Lion to Lasfully” lmparting knowlcdee of operatlo'ns

P research techniques. T :
The summative conclusion of this ‘techni'c-az report is that Data

Management & Decision Making is a validated product with respect to its

use as mstructlonal materials in college courses ln eoucattonal admlntstratlon.
- This was concluded for the followmg reasons. First,‘ there is empirical - -

evidénce of need fo_i- these materials. Second, using the "DM/DM materfa?g\ .

" causes significant increases in ledarning, with students achieving 'moxje*than
“ 60% of the instructional objdctives on any one umit after six to eight"‘_ hours

of study. under conditions .not designed ‘to prontote ma:éi_mum le'arnlné.

T'htrd, the use of th‘e DM/DM .rnaterlals was ~asso':iated with a nun}hef of ."'\,‘-‘\
_posttive side ‘eft:ects with /regands to computers. Fourth, In .coﬁpartson wlth
its possible competitors, the _Dlt'/[/DM 'materials caused sié‘nlﬂcant/iy more .'

v \ SR

leaxg’nlng for three of the four! techmques units, and Ln no case did they—‘

perform any worse; they had more positive . side effects than, d@ thetr

3‘ v

competitors; and they were more cost-effective. It was thusvc,éncluded

& . . .l-
: V. : .

A ~that Data Maﬁag;ement and Decision Making is a-validated pro%uct which

meets an established need and is therefore a worthwhtle prodfct In
R I'e K4 - b :
\ ‘ ! -8
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" THE DEVELOPMENT OF DATA MANAGEMENT &. DECISION .MAKING.

The Developer - S -

‘Data Managemént & Decision Making was developed and tested by

, the~Computer Technclogy‘ Program off the Northwest Regicnal Educational
Laboratory. This set of instructional materials was developed in

accordance with the mission of the Computer Technology Program which

is stated .in part in t}leir Basic Programs of 1972" as: . >

Objective: The objective .is to create a system of models, -
materlals and procedures_that will facllutate appropriate
_ use of computer technology to effect educational renpwal,
v - Strategy: , The progr'am is product oriented,
. . toward the development of: (1) materials for the education of
Y )educatlonal personnel and (2) curricular materials and
. administrative applications for their use. They are designed
S to provide: " (1). schoodl admtnlstrators the opportunity to - - !
become competent in «designmg, evaluatlng and 1mp1ement1ng
adminisfrative uses of- computer technology, (2) teachers the.
.- opportunity to become cbnmetent in designing, evaluating andt
., , implementing mstructlonal ‘uses of :computer technology and
.. % (3).students the opportunlty -to- become more Knowledgeable
about -computers and 7 -gain career capabilltles in computer
_related occupations. Expected Outcomes: Once the total,

' Integrated system of products is avallable, a stgniflcant increase .-

is fore.aeen in the avallablllty of preservice and lnserVLce :
" ‘training for- educators. An extensive llbrary of computer orlented
curricular materials: will’be available in 4 wrde range of
¢ secondary subJects. The number and quality of courses
" relating to the social dimplications of computer technology w111
‘increase. Ultimately, this will facilitate education which is
~ relevant, practlcal humane and appropriate for the individual,
- needs of students. * . . S
& : .

.".
. - . " : . '- - . ¢ ’.,v 3 - ~
The personnel training scomponent of this mission provides “for

the dgvelopment of instructional products_ for administrators. It states

»

- : . _ el

in part that o ' ‘ "

'
. ‘ N Y

£

1 Computer T.echnology Procram, ‘Basic Procram Plans, April 19:2

p. iil.
. 1 8e
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. . , . . e N . ]
g ~Objective: fiz obxectwe is to provide educators the opportumty |

for training bm* in "sing available computer applications-and in
actively partic patung in decisions which shape technology for

-t

educatlon and the implementation of that technology. Strateg .
R Three types of personnel training systems are planned. (1) Four - .

courses| for administrators include an Introduction to computers, = % .
. . administrative applications, data management and decision makmg,

" and implementing computer systems. (2)- Three courses for teachers
include an introduction to computers, subject matter applications,
and\selection of- Lnstructlonal materjals. (3) A course for

. deve opers of computer instructional materials- provides relevant
,shll.% for teachers, wrilers, subject area specialists and rsons .
involved in computer related actlvities. Expected Outcomes: -
Preservice and inservice tralning utilizing Laboratory systems ’
_will increase the krnoWledge of 3chool personnel about. computers, '
" their skill in uslng apphcatlons of computer techrology. for
instruction 'and administrative tasks, d abilities, to develop computer
based materials. 1 - 7ﬂ . \\ s

One partlcular product of the personnejtr t\ammg component \Was

-~

Data ...anagement & De01510n Makm;rL(DM/D’VI) The overall goals of these

i

materlals were specifled as the mstlllment of an awareness of and some
,famillarlty with speciﬁc operations r_ese‘arch ‘techniques in: educational

_ administratars and creation.of a positive attitude toward using operations
* ot . . : a/ ' ) : l .

research 'in""educationa\l- administration. The 'tecﬁniques were identified as

. o

°

Program Evaluation ahd Review Technique _(PE'RT)',.-" linear programming,
* - C - . N . |

’ ’ .
queueing theory and cgmputer simulation. "

The target groups were determlned to be pe"sons ‘who were . ‘

significantly ‘involved in -educatlonal a&dmnmstratnon They were divxded ' .
“into- pr'tmary- and secondary target populations. ' The primary target
" ‘populations were identified as students in educational -administration and -

practic'mg ;et]ucatiq_nai“adm'mistrat.o'rs return'mg'to school for continuing «

. _education. It was expecte‘d that these ‘target’ °'roups=would_.‘apcompliSh"the '
. N \ e .j.
aeneral goal of the materials by using Data Mana°'ement & Declslon Maki ng

v as part of a cpllege or umversmty course in e'ducational admlmstratlon‘ 11 :
. . -

1 Cor_nputer Tecbn slogy Frogram, _Bas;m_: fgogram_Pfa_ns, Ap_rll.1972, p. iv.




: necessary to determlne 1f there was an apparent need for. the product as

;'3(1-easoning was used to determine evidence of need from' the lfterature.

- solutions, “then there is the possibility that there exists a'nded in

Two secondary target'groups were also identified. These g'rdnps
, ) ,

were considered secondary targets @n the sense that it was not ‘i'ntended"

Al '

. fhat they should accomplish the goals of the ‘materials by directly using

them. '~ Rather, they were to be persons who were interested in using the =

DM/DM materials as an instructional tool. "It was assumed that ti .wo

hd . -

_groups wilh this interest would be professors of educational adminlstration

and persons responslble for conducting a,dﬁ;lnlstrator Inservice Workshops. :

It ai)pears that these groups overlap considerably, ‘and thus for the purposes

ot

f this technlcal report these two groups are conSLdered one.

Prelhmnary Ewdence of Need

IN

After the gen'eral goals of the product were 'developed,t...it was .

.‘

_defmed by its general goals. The..method zby ‘which this was accomplished v_

b Y

was a review of the -relevant- literature ln.educ:ation. lt wa_s assumed

L. e ! a - . <~
o

< that this’ llterature was wrltten by experts‘ in educatlon in general and

speclfically by e\:perts in educational admmlstratlon. The follow'uig

4

If experts claim that operations research techniques can produce ‘,ne,'e,ded

-

-

. educatlonaf admlhiétration~-.fdr kn__ow.ledge gfdthese techniques. . .Zl.lso, if

-

there is the poss~ibflity:"'tha't a need exists'for knowledge of thes:e ’oberations'
l

<.

research technlques, then there is. the possibility th7t t;ralnlng materxals

-
-

. ' ’ /
5 Ln these technlques are needed If this is the case, then there is some ‘o

- justification for the _development of these techniques. )

- © ~

. . . ) . , . 20 . - . ';‘2‘ ‘ .
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The follbwlng review of the literature is divided Into five sections. ’
. ‘The first-deals with the need for operétions research in general, and the e

other four deal with the’ need for specific fechniques. ' " '
R ) . v
7 . Qperations Research In Grneral

* A num er of uuthors have indicated that there_(s a need in educational J

administration for opératlo‘ns. research techniques. Hirsh et al. (1967) in . 3
> X \ M \" ., )

Inventing Educaglon for the Future stated that education rkeed.s to change to keep pacje )

- 3 ) . :
with the rest of society -and_that operations-research in planning and forecasting.are

one of several innovatiods which can effect these éha-&igés. Sisson (1967)'indlcat$d 4
that operations re'search techniques are potentlallj'useful _for study of large

urban school district problems“such as administrative decision makiqg and

o ?
“ ~

board policy fuhétions. Cobok (1568) also stéféd.thét-"gperatioﬁs research

- would \be-.luseful for sobf"mg“prqblems’ in 'educatipnal; pfoject maﬁaég_ment and

: ,administraﬁive decision making’i-ﬂMcNamaré (-1572‘5 strongly implied.that

v
; - ° .

T oper,atioyriys research. can be succes~s,fu11y utilized in educational o'z;gan‘iz.atlon.s

. ) -
- . /

to effg’bt needed \éhange‘s ‘and program improve"me*nts’.' Bruno and Fox (1973)

.as's‘é‘rted that ’quantitar;lve mnethods can ‘greatly assist éhe school administrator- . .

" in certain decision making processes; that there is an -Increasing demand-

, - , . L _
- for administrators trained this"way; and that training materials in such .

s

quantitative_ techniques as _those_'m‘ opefé.tions research were needed.
<. VanDusseldorp, “Richardéér‘; and Foley (1971) demonstrated that operations

-
3 L ¢

——

on¥

.reéegrch techniques can be used to solve a‘nur.qber of types of problems

s

in edudafional administration. . Alkin and Bruno (1970) claimed that systems

apﬁrpaches aré\{’useful for. solving both migo-prbblems such as school

-

-'.,‘.a N -, ‘ .,_. " ’ 21' L | | .. |




% business functions and lu “oblems. Operations -rse-rch wou'

be uscful. The preasminant «; aivu expressed by these authors
appears to be tHat operations research techniques cah be very useful -

. . L . :
in education and that knowledge of these techniques is important for -

educational administrators. ) . -

- \

Planning, Evaluation and Review Techniqge"

< L Lo . -

Ox

A number of authors prOVlded eVldcnce that there ts a eed for

PERT‘" Cook (1966, 1967), perhaps one of the foremost propone \ts of“ /—T’;~

PERT in education, ésserts that an m1portant problem in educationa TN
. p1annmg is the allocatlon of time and manpower for specrflc proJects’

‘and PERT is a technlque which facilitates this ty'pe of planmng ) ’ m‘

«Cochran (1969) Lndlc,ate‘gl,that p1anmngols an lmporcant part of decis:iOn' ”f?‘. 1.3%

~ . : . { .
; . ® .

making and that PERT has great utility in planning. Knezevich '(1969)-

'stated that new app%achee to decision -making and problem’ solving

in edﬁcational a‘dmin'lstration are needed-‘ that systems anaI&sis - /

0 affords .promtsmg approaches, and that adn;mistrators would/ benefit from . )
? '/

tmplementtng su(ch a rational approach as PERT Maler (1976) asserted

- that PERT is a basw procedure for prO]eCt anagement in educatlon

b

Kaufman (197f) agreed Alkln and Bruno (1970) maintained that PERT
. “ ,// -- R
and the Crltlcal Path Method have much to offer the unplementox/‘, in

N kS 4 N T

managing and oontrol_lmg educational systems\., Elnally, VanDus/seldorp '.
set al, (1971) stated that '"The use of PERT to allocate and mana’ge -ti.me
involvéd in the various activities compriel‘n?g a project have proven very

Pl

L . . - . - ~ . : . L . v
useful in education." 'Thus.it.is possible to conclude that experts )

L3
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conside: ’LIT to be an important tool for educational' administrators.
~ CA | '

"Linear Programming

xl/ _ _‘ . The need 4or linear'progra:tnming was also expressed in‘terms’ of its use-
- fulness to the educational admini‘strator.. Correa (1966) demonstrated that linear
prbgramfning can be used to help solve the probleln of ;vhether we should have
| more or better schools. MacNamara ('157-1, 1573) examined recent deVeloprnents
_ in linear programmlng and"demonstrated h- ) x;could'b‘e’ applied to problem solvihg

at the state and local level. Alkin and Bruno (1970) assert'ed that there existed-a

large class of assngnment and distribution problems in education, such as
-3

allobating classrooms and facilities, which linear programming is especiallx

suited to solve. Finally, VanDusseldorp et aL (1971) claimed that linear e

/ 2

progra.mming is useful for solving educational problems m thch resources

L] ! v

. .are allocated or are assigned so that the ou‘tgc;)pme is{ opti_mal_,. and thus it ’

R . ‘ T

’\\fv - can~..be a powerfub tool for educational problem 'solving and :decision making.

From this it may be concluded that' these experts viewed lmear .prog;l'amming ’”“

s .
L]

B ;as applicable to. educational problems T o N

I3

. ~ Queueing The ory

" Two authors have indicated that there is a need for queueing

theory. ‘Alkin and Bruno (1970)_state that "By applying the ‘queueing

P ,‘“\—theory techniques to- the business-like activities of education, those

} T e e

activities could be greatly systematized " And VanDusseldorp et~~al< -
v T (1971) indicated that waiting lines ‘are common in education whenever o ce
facﬂities are shared by.a number of persons -and that queueing theory is .

~

' . applicable m making utilization of facnlities more efficient. Thus there -
is some evndence of the usefulness&of,,queaeihg. theorv . , I S




. \

i
]

’

Computer Simulation

\ ° v ' . -~
As was the case with queueing theory, the need for computer
. . . - ks ’l
. simulation in educational administration was implied by two authors. .
. 'y : !
o . B . ) . .q S
Wilson (1969) asserted that there was a need to establlslr,/'goals,'

L - . .- ' . P

L ‘ : 4 R S )
b guidelines and constraints in educailonal planning and furthe{'more - o,
% that there was a need to study large and complex educational systems. He
. :.?. : ’ .

concluded by’ statmg that’ computer svtmulat[on can provide a powerful tool for )

\
Y
t

%
% -

x.;neetlng' these needs. Alkln and Bru.no (1970) mamtamed that there ls a need
\‘ .
) to .examinhe and understand educational systems lnteractl_ons and that thl.S s~
‘i. . . ‘ . . ‘ ., " B
'feé\sible by means of a modelpwhere the |model reflects the complexity of

1
. 4 'the"‘gystem. ' They ¢onclude that computer .simulation can provide such

. s : : ) o
models. Consequently, there is some evidence in the literature that
k! : B . . :

' -"computier simulation could be a useful tool in educational administration.’
_\“ : . .Conclusion ' 7 T Sl L
' 'Fﬁ'om' the literature cited above, it is#ossible to conclude that |

]
o

there .'ex’ist"s evidence in the“li'terature of ‘education‘that operations re"s_earch
and its tech‘hiques, such as "PERT linear programming, queueing theory.' -

2

- s
[ 4 s
v

* and computefg su:nulatlon, can be used to solve lmportant educatlonal
- e problems Fu'rthermore,/é number of sources (Alkin and Bruno, 1970

Bruno and Fox, -1973; VanDusseldorp et al., 1971; Hirsh, et al., 1967

’

. Knezevichy 1969-’ Mc ara, 1972; Sis'SOn, 1967) indicate that these tools

o -
S ISP e L T

are not \vmdely used / Therefore, it is possnble to conclude that trainmg :

' materlals which are concerned with these operatlon research -techmques are-

. o
) g.,.._..,._...,.s,__”,.\ A
needed and thus that tl!ere is Justlftcatton for developmg the Data '\/Ianagement .

_ /e F .
& Decision VIaki.ng materlals in lme with the stated goals ) Lo -
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Detﬂlled Descrlptxon of 'V[aterlals

no

P In J;hls section the instructlonal materlals that were developed out -
. - - N ) ‘

of the generallzed goals‘ for DM./DM wlll be described, The purpose o*'g
1=

N

this sectlonjg to mform the reader of the nature of the DM/DM materl

- with respect to 'ihstructional objectives, specific content rnd structure.. In
‘ ., o- L. . \ . . 3y

-

) ‘th,e_ following sections each of the units will be described.

-

o

. L U Operations Research in Education - S

- This unit is intené‘d as the,.lntroductlon to operations research and was .
| _ J , - !
‘constructed to serve as an “advanced organizer'' (Ausiibe: und Robinson, 1969) in
R . . . ! . ) e, . .
that it shohld ortranize the' thinking style of the users so as to be more readily -
* . . ' - . -

adaptable to the rest of the materlals Slnce this s the case, specific instructional )
‘ obJectlves were spec1f1ed for the unit, bu,t it was conslderedL of little

~

_jmportance whether or not the 'mdivldual user actually achleved them. |

o - The unlt discusses thpgdec ision process in general téi'ms and analyzes

)

thlS proceSs lnto three mayo?components——the dec[swn context, decnsion

“ O e N

strategles, and the payoﬁ . These components arg,d[scussed in- some “detall C e
Q2 R This unit also introduces the four speclftc' decnslon str_ategles or operatlons
o W '=1"v"ﬁ. - : / -t . o . . ‘

. résearch techniques which are treated in the other four units.” “These are *

A , . - - o . . a~ L . /

PERT/CPM, lin.eah' programming, queuelng theory, and ,comp'u"ter simulation. ~
.. ‘The purposes and applications ‘of each of these techniques are hiriefly - = o '

» 'S . . ~ .a_ .
‘described and are intended to serve as organizers for the-four Qféyr.unlts:’

. P
The booklet congjudes wn h a summary of the main points and a llstmg of

-

the mstructlonal objectives. These mstructlonal ob)ectlves may . be found

ae
. [N

* . « 1/5 -

- in Appénd’tx A. The pr'esent‘.form of this unit is 4 paperbound booklet,_ of

oA

<

et M N - -

.S e R
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20-pages printed on both sides, y'vith intervening iliustrations and exercises.

e

These exercisés are interspersed through the unait-for "purposes‘of provﬁi.ng
o -+ the student with practice in the concepts under discussion.’ After completing -

. L g

this unit, the student ‘is free to proceed to any or all of the remaining four

q

uitits. o .
A~ . 3 . ) 'J" 8 ”
_ DERT/CP’V{ ok MR
. L This unit provide: an- i_ntroduction te PERT for the”’educg‘t}é’nal' '
. b . . . .

. : . . - ¢
_ . administrator, . The teciinique is a,method for"planning the allocation:

"= of resources in the.execition of pro;ects The veyrsion ‘of PERT covered
. L= ) -
: %
in this unit is concerned with severhl tasks in .‘t}}e plannlng process:

AN S C . “ o
PO T . -

1. Identifying the specific activities- in a‘project

2, Determining their 'Lnterre'latlons

v

’ S Mapplrg theé\relatlons in network form
o 4. Assigning estimated time durations for each of the e
: . ’ : , .
’ gc'tivities '
. - "5, 4 Determining various timing characterisitics of the project, *
’ including the key sequences 6f events:for completing. the pry;
. on scheduls, ‘called the Critical-Path Method cefh.
- o - ¢ °
ThlS content serves as the basis for the Lnstructtonal goals of ‘the unlt
.5 B ® i -
' "L o ’The unit first discusses’ the applio'ations of PERT/CPM 'ih general

R

“'with parttcular "re ferences to @ppllcatlons m e&ucatlonai adm‘mstratlon. :

The unit then goes on to. introduce the 'u_ser to the steps in executlng a '

e
o

: bS
PERT/CPM analysxs including ldentlfymg the actlvmes, construc-tmg a

50‘

PERT/CPM network, computing pro;ect tlmes, .and fmdlng the crltlcal path

g -

'
'
oy




After the user has'learned to execute a PERT/CPM analysis by hand, he

# : ) :, ‘
is. introduced to a computer program which carries out these analyses.
2 ® : ! .
K -

Th)s program is GCPATH, which is presently implemented on a Hewlett-

4 <

Packard 2000F time-sharing computer, and is written in the BASIC
language with the intent of being transportable to a‘variery 'o:_f BASIC -
'system.sr. The use;' is" 1ead through a step-b,y-;ste'p brocess of using the-
4 coﬁputer program anc_l.is provided with a 'variety of ez"{erc..ises to practice
his or __hef skili. Néxt the user is taken throughva sgction which. discusseg

other uses of PERT/CPM and the advantages and disadvantages of using
: PERT/CPM in an educationai setting. ,The unit_concludes with a summary L
. o ' ’

of the topic and a list of the /instructional objectives for the \uni't. (These

objectives may be found in ’Apper"xdix A The unit _p_res’ently takes the form .
of a 68-page booklet with illustrations and interspersed exercises. . The

answers to the exercises are included at the end of the booklet. = This unit

é n_my be used -alone, beihg dependent on only the introductory unit, or in
conjunction with any of thé other three technique units.

<
w

finear Programming

v. ) - A ‘

= This unit deals with applications of éhe mathematical techniques of'lfme_aar

' programming in educational administration. Linear programming is a mathematical

:
i

¢ o pfoc_ess for‘derterm‘ming a set of conditions vunder which a specific quantity may be

optimized. The technique é;ssuine‘s that all conditions in the.problenfx situation can
be expressed as mathen&a_tical equations or constraints, that the basic components

-
¥

» . of th :“s‘ystém under consideration are quanéifiable, and that the quantity which is

<

L

to be optimized is expre‘ssfable as a function of the basic quantities. "The

¢ . . ) . o
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» . .
" technique will take these mathematical expressions and find the values of

the basic” components such that the quantity of contern (e.g., . cost) is

opti.mized (either maximized or minimized). This forms the content from

O

“which the instructional objectives for this :unit- are derived.
In .'mtroduclﬁg the educational a&miqistrator to the operations research

techﬁique of linear ;)rogramming, thg,‘ unit first leads the user through a

detailed but conceptually' simple example of ._;izproblem solyved~ by linear

e .
programming. \S'mce tﬁe, mathematical procedures for- solving linear

programming problems are quite sbfjhisticated and compllex, and since the
pux:pose of the unit ié to introduce the acl‘,niinistrator to ti:e technique: ra.ther_ )
than make hin; an expert on the subjec@, no attempt is made to teaél; the:
user any of the applicable mathematical manipulations. ' Rather, the user
_is‘ provided,with a computer program Q use in solfrlng linear prografnm‘uig
problems. This pragram is called LINPRG and is presently operational on.a
I;Iewlett--Packard 2000 ‘F computef and is written in-the #ASIC ianguaée ‘with
the intent of being tra'nsp(ortable to a variety of ﬁASIC systems. -‘In 'teaching
the user to émploy the; pfogrql;n, he is lead through a step-by-step i;rocess
of entering the gecessaryinform_ation on a co;x.1puter terminal. Tﬁen thel l;nit
‘goe; back to a ﬁiore general,_d‘iscus"slon of the~procedures for formulating
,li'neazv- programming problems. The text then describes in detail several .

_ . ) ( , :
applications of linear prpgramming ,ip education such-as planning low'fcqst ’ .
school - lunches and deferniin’mg a ’salary séhedule. . In thp process of going -

through this section, the 'user is confronted with a number of opportunities -

to use the computer program to solve a variety of problems. In the final

~

S . . CT 20
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part, the advantages and disadvantages of using linear programming in
educational settings are discussed. The unit concludes with a summary

of the main points of the unit and a listing of t! = instructional objectives.

These objectives may be found in Appendix A. The unit presently takes

the form of a iZﬁ-—page booklet with illustrations and interspersed exercises, '
. e N
~ The answers to thes exercises are included at the end of the booklet. This

‘unit m'ay be used with the /introductory unit alone or in conjunction with any |

“

of the other three specific techniques. ‘

Queuejng Theory o .

s oo,

Pl
.

This unit is concerned with the é.pplication of the ma’the_m%.ticaf'
. , o .

techniques of queueing Itheory to educatiodal administration. This technique

providés several mathematical modélq of situations in which queues form. .,

i
1"n’~ education it is applicable to/situations in which'som‘e customers are l
waiting to use a serviz,:re ‘where the customer ard the services may be a
gre‘:at number of different ti:'mgs. Queueing theory will yieid a number of
quantitie;é which describe this situation such as what the avgraéé timve‘.a
; customer._must wb.-itl for service, how much of the time the s'“e‘rvice is
idle’ ;.nd what is the probability that there will be a given number of -

.

customers waiting in "z, - All these characteristics of the queue'mg system .'

oy .

. can tHen be used to make decisions about changing the éomponents‘ of the
queueing system. This mathematical technique forms the basis from which

X the instructional objecti\'eé"for this unit were’ derived. >

Y

!
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The unit begins with an.explanation of the terminology of queueing
theory and the conditions neces'sai'y for it be be employed accurately. The
unit then presents four sets of conditions under which queueing theory mayx

be applied and gives examples of problems which illustrate these conditions.

“

In the process of presenting these ‘p'x‘-o_blemé, the user is introduced to a
computer program which w.i‘llr solve; queueing theory problems. ' This prog‘rain‘
_is czglled Q;J:EUE and ié implementéd on a Hewlett-Packard QOO,D F computer.
' This program is written in BASIC so that¥it can be transported to a variéty

of BASIC éyétems. In teaching the user to use the QiIEUE program, the unit

C .

o provfdeé a step-by-step process of -entering the necessary information on a
* -computer terminail. This program is used throughout"the ‘test to'solve  ~

queueing theory problems. The final part of, the linit_presents the advantages

) g . .
and disadvantages of using queueing theory in educational settings, summariz~s
,the main points of the unit, and gives the instrucfional objectives for the unit g

_ This unit is presently 389 pages. with illustrations and exéi'cises_ ‘mtersperéed
: ) = 4 ; R ) .
throughout the test. The answers to the exercises are included at the end

TN

!
I

of the bocklet. This unit may be used with tke introductory unit alone, or in;

‘ L - : T -
. conjunction with aay Or all of the other three‘units. . , /

Comeputer Sivaulation |
The ,unit on computer simulation is concerned with familiarizing the /

e .
. .

\ *  educational adminisfrator‘ with simula.,tion as a problem-solving technique. /
N _V In this. case, using a simulation involves identifying a model of the system /
of interest. This model is then computerizedbahd the behavior of the /
‘ . 6 . . . _‘
’/ system. is investigated by experimenting with th{e.'com"fmterized model. ’
-
b2
»
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-
The unit begins with a theoretical treatment of simulation. It

details the components of a simulation, thegelasses<and types of s imulation,

and the puﬁoses of simulation. ThiS general treatment is followed by two
specific educational -applications of coinputer simulations. The first inVolves )

a computer program called BUSﬁUT ivhich_:simulatﬂes the routing of school

buses. The second is a Eomputer program named ENRPRO which simulafes .

the changes in a school district"s student 'population over a .perio'd of 'years.

Both of thesé progrﬂzlﬁis are implén‘wr_lted on a Hewlett-_-Packard; 2000 F computer
::md are {vritten 'Ln\\fhe BASE_Z langpage for maximum "versatility. In the case .

i ‘ . , T
‘of each simulation, ‘the student is lead through a detailed, step-by-step -

-

procedure for using the simulation and interpreting the output, and then is

- confronted with a series® of problems which can be solved by using the

simulation. The final pertion of this unit is an overview of computer simulation.

®
It discusses the advantages and disadvantages of using simulation in ‘educational

settings, summarizes the main points of the unit and lists the instructional
" objectives for the unit. This unit presently takes the form of a 101-page

booklet with illustrations, con}puter printouts, a;md ‘interspersed exercises.

' The afiswers to the exercises are included at theleﬁd of the booklet. Like

the other technique units, this unit.may be used with only the introductory,
unit or in conjunction with any or all of the other three units.

Intended Uses for the Materials

Data Management & Decision Making is designed to be used in ahy

se

of three instructional situations: -

1. Coilege level -courses in educational- administration

oo
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2. Inservice or normal training workshops

- -
- -~

3. Independent study in operations research. . -

Y

Each of these three uses of-the DM/DM materials requires different

conditions. . : ¢

: o
When the DM/DM materials are uszd in a college course in educational

. é@linistrat’ion, they are. ‘mtended to. serve as a .supplemeht to the usua!

- _course content. Consequently, it is possmle to use anything from a smgle

Y
unit to all of the units,- dependmg upon how much time the lnstructor WlSheS

- to devote to operations f’esea‘rch.' Due to the structure of the-units, it 'ls

not necessary for the. instructor to lectupe {»on the techniques he or she wishes

to cover, but the learning process wlll be facilitated by having the instructor .

o

) \#allable to Eanswer questions and conduct group dlscussions concerning the
»} s ot / .

topics under consideration. Optimal use “of these matermals requires having. -

_access to a time-sharing computer and several computer ‘terminals. Some

evidence indicates’ Lhat it is also facdltotl\:e for “students to work on tHe
materials in smal‘{ groups, as it lS conduc1ve to Droblem solving In addltlon,
.the testing of the mate;-ials indicated that 4 minimum of two class sessﬂions
shoula be :devoted _t.o .eo'c'h uh—ié, since approximately six to eight hours are .
necessary' to go through eiacli of the .ur}its.‘ 'With arranéénents ~’such as those
\-stated above, it should be possible,to obtainxesults_' as good as 'tho'se.ob,tained"

in the field test, and with ‘the z{dditional participation of the instru.lctor,' it is

anticipated ihat: the- resu1t15 -of .;mstruction .should, be even more pos'itive._,
. . . . H

¢



When the DM/DM materials are.used in inservice training or

o

_a workshop, a large variety of instructional configurations are possible.

- _ .
{ The three most probable configurations will be discussed here. The first
‘is a one-day inservice training session for practicing administrators. Here o

it will probably be most appropriate to concentrate on only one\technique,

- since about six to eight hours will be required. Again, computer access

: must be arranged for and terminals must be available. It is also assumed

in this situation that the presence and participation of.the instructor is

particularly important. The most successful use of the miabter_[als In this

. situation would probably ‘be a combination of lecture, discussion, 'group work

~

and self-study. These same cautions and conditions will also be true.of short

duration workshops of a day or two. The second “alternative is the‘long—

3

duration workshop in which the entire set of DM/DM materials is used.

This will be a period of concentrated study in which each of the four

- .

. techniques would occupy 6ne day of study.v Again leadership will be

‘important.to the success; of thé'wor'kshop, even though the matertals are .

s * - designed to be largely self-'-instruc}tional.

The third method of use of fhe DM/DM materials is'in the self-study

<
r

mode. The materials were designed so that ‘individuals lntéz_-ested in usiog

operations research in education could learn the use of some techniques by

working through the booklets; however,”in this mode additlonal assumptions: At
. o ; . . . - ! "\
are made about the user. =In using some of the units, the mathematics is \
. 3o

- 5 " R

., moderately complex, ‘and so an_ individual, to be entirely independent, must have

-~ .
1

- a 'good background in mathematics. Also, in order to effectively use the

\ £
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» . . . . .
tomputer as a learning tool he or she must be somewhat familiar with
the operation of a computer terminal and have some knowledge of what
to do to correct mistakes. In addition, in this mode it is especially

—y
lmportant to work through the exercises, because the user has no other
source of‘ feedback. <
N

In summary, this secticn has described in detail the content and

structure of Data Management & Decision Making. In addition, it has

also described the three modes of instruction for which the materials are
intended. This completes the description of the materials.

Developmental Hlstory

v

The Data‘Management & Decision Making materials- passe -d through

several stages of _develop'menf and evaluation before »the product which is
described in this rebort was produced. 'The_ developmetital proc3ss had>
three: formal,_stagéé-.‘ Associated ‘with these developmentel etages we.re

) two formatlve ‘evaluations of the products. The f‘lrst‘v development stage

was the E‘tploratory Product which was subJected to Exploratory Testmg
Based on thlS evaluatlon, the Prototype Product. -was developed aad thls, in
tuﬁ, _was subjected to Pilot Tes,_ttng. Out of this Pllot Testlng, the Interim

9

Product wa‘s developed, and this ‘was the subject of the final "anestigatio"p
presented m this report.

In the development of the E‘:_xploratory‘ Product, a number of steps
were c'arried out, First, the ir;struotional goals were develojp:ed‘for eaoh

of the. ufiits_based‘on the overall goal ‘of the.materials. Each qxfit’ was then

D . - _ .
outlined, and suitakle computer programs to accqgmpany each unil were searched

34 | o
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¥ N .
out. As the last step in this initial development, the first version of eac}i

A Y

‘unit was drafted. .'
At this point the Expl_orato.ry’ Testing of the materials took place. This
. . . .
involved two acti\*it’;les——expert review ‘and individual tridls. - In the expert'
review, five au-tl.lorities were selected- to review the fir'sit draft of the
mat'erials. These individuals were:
- ’ 7'1. Dr. Joh.p Lind, Professor of Eddcatioﬁal Administration, -

L ]
Portland State University

. 2. :Dr..Charles Klein, Professor of Educatiénal Administration,

Purdue University o N
3. Dr. Jaﬁles MacNamara, Professor of Educationai Adxﬁinist'ratioh )
specializing in Operation"s_ Research; Uni'verti.ty of Texas

4. Dr. Donald Treffinger, Professor of Educatipnél ‘Psychology
,, , B .and specialist in curriculum design, ﬁniyersity of Kansas
5. . Dr. Ralph VanDusseldorp, Professor of Educational Adminisltration:'
and s.pecialis't in Operations Reseérch, University of Towa,

Eaéh. of these persons \;/as seﬁt a copy of the }groduct aloné with z; specific

BN

list of questions concerning the materials and was asked_to carry out a

detailed reviewsof the materials: Each performed the review and the

, ’
“ 3

developers received back the answers to their questions and the review

copies with préofuse marginal comments. . - ¥ g

>

»

. , , The other activity involved in the Exploratory Testing was individual

trials. For the purposébs of these trials, about 20 persons were randomly

N ’:‘sélected from a list of students in educa;tional administration at Portland -
. // - “ _ SRSIN
: . S o7

- / .
3{): ‘ . .’ . _‘.'
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State University and asked to be paid volunteers. - Each of these volunteers

was randomly assigned to one of the technique units making a total of five

[y

volunteers pe,r‘ init. A time was then set when the volunteer a'nd the
evaluator could meet. At this meeting, each volunteer -was asked to_ \vork
through the material in the presence of the evaluator ‘and to comment 6n
anything that caused difficulty or was worthy of comr.uent. These sessions

weve also tape recorded. Aﬁer all ‘volunteers had gone through the materials,

‘ -

the materials were revised by the developers based on the outcomes of the

trials and the validity of these changes was conﬁrmed by going through the .

i -

same i'proce’s‘s ‘with two other individuals for each unit. ‘

The information derived from this Exploratory Testmg became the
basis for the revision of the Exploratory Products to Prototype Products.
The sug estions and comments of the experts were collected w1th the

responses from the individual trials. <I‘hese, were then used to again revise

the materials. These reviseo materials were then printed to produce the
Prototype Version.

This Prototype Version of the DM/DM materials was evalnated in an

initial test. The initial testing 6f the Prototype Version is rep'orted in’ o

detail in the document ‘entitled Report on the Evaluation of the Prototype

Version of Data Management/Decismn Makmg (Speedie, 1974). Thls formative .

evaluation of the materials will be summarized here.
1]

In this lnltlal testmg, the cooperation of classes of summer students

was obtained at Portland State Untversxty and \Iorthern Arizona Universwy

-

Two class sessions were used at Northern Arizona University and' four class
1 . h :

\PR .
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sessions were used at Portland State University. At the beginning of
the ifirst class all students received '""Operations Research in Education" and

were randomly assigned to one of the four technique units. Before sttidying
v '

-

the units eagch student took a pretest over both cognitive “and a.t'fective.'
_objectivgs of the u;xits. ‘They then worked through the units, réading_the
materials, performing the exercises,' and ﬁsing the computer. Tﬁen at

the end of the 1ast class session, the students tooR a posttest over the same
o.bjecti\.r_‘e's.A Finally a randomly selec.ted sample stratified by technique unit
was interviewed by telgphone concerg_ﬂng their reactions and apinions about
the materials they studied. |

The results of this evaluation indicated a number of 'th’mgs. It was
. . . " . /
discovered that students needed a minimum of six to eight hours to work

7
through the materials. - Apparently by studying the materials the students

were able to achieve significantly more objectives on the posttest for each

of the units. The units appeared to c-hange some attitudes toward operations
research in education and in the positive direction. Finally, the interviews

. indicated that the studenbs were generally satisfied with the materials and

thought them appropriate for educational administration .students.
E ] - A

-

- Slnce the results ‘of the pilot test: were so positi\‘ré and no changes

in the materials were indicat®d as necessary, it was the decision of the

—

-

project staff that the materials should-be advanced to Interim status and
subjected to field testing. At the same time a summative evaluation of the
materials was called for by the contract so that .thes‘e two activities were

combined. - The ‘summative evaluation of the DM/DM. materials is in the

next section. o - ' 29



SUMMATIVE EVALUATION OF DATA MANAGEMENT & DECISION MAKING

S

The purpose of the summative evaluation of the Data Management &

-

Decision Making materials is to determine the worth of the final:outcome
: - {

of the developmental process executed in this project. TIE: materials

studied are therefore those’ which emerged from the Interim stage of product

AY
development. The purpose of this report is to communicate the res&lts of

this evaluation to the audiences interested in the product and thoseore"sponsible ‘

~

for decision making with respect to this product. .

H

All persons reading this report shoulq take note of the possible sources

of bias which may exist in those individuais who executed the summative
- . 2 _

N

e'valuat';on and who prepared. the report. The circumstances 'we're such In
the Comp'uter Technolog frograr;l that the person primarily 'responsible for -
product evaluation within the program was initially'asslgned the responsibility
for de\;eloping" the DM/DM materials. After the init‘i_al developméﬁt, this
same person conducted the formative evaluatibns of the px:odilct though he |

was no longer diregtly responsible for the developmént of the materials.

~Finally, this person.also executed thé summative evaluation of the product.

4

Thus, the possib"ril"lty of‘c:o-option does exist; however, the requn'éible
evaluator attempfed to the best of his Eabi'lity to’ maintain maximum

,objectivity throughout the evaluation. Since this might not prove sufficient,

this summative, evaluation was also reviewed by knowledgeable persons within

the Laboratory who were in no other way connected with the project.”

Therefore, while the possibility of 'bi:'z‘svin this report exists, every reasonable-
attempt within the limitations imposéd by the funding agency, has been made

\

' [
-~ to minimize this bias. 30
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. Areas of Concern In the Summative Evaluation

_the achievement of the specified lez{mmg objectives. The-third criterion

-

3

The summative evaludtion of the Data Management & Decision Making

maierials was concerned with judging -the worth of :he product with- respect

)

to five criteria. The first of these focused on the empirical justification for

the development of these materials. The question of concern was whether or
not there was a demonstrable need for this product.? The second concern

1 v "

focused on the ability of the _product to cause learning--pacticularly with

-

. ' » . .
respect to the attainment of the objectives specified for the materials. That -

is, it considered the question of whether or not using the product resulted in
- _ _

A

. W - Lo
focused on a comparison of the developed product with materials which were
its 1ikéfy competitors. It was cori_ce;rhed with determining if DM/DM
- h N " -

' performed bettéf than its likely competitoré with respect to a number of

criteria. The fourth focus of attention in this evaluation wa$ the side effects

" of the product. 1t f;)cused ‘on determining if the product and its likely

competitors had important side effects. The fifth ‘and final conéern centered .
on the cost-effectiveness of the product."" It was concerned wit,h determining
the costs and beheﬁts 6f the product and comparing 'tliem with those of"its.

-

likely competitors. The following list of questions Summarized the iﬁ"éjor -

areas of concern in ihe summative evaluation of Data Management & Decision

‘Making, o K

1. Is there empirical evidence of a need for Data Management &

_ Decision- Making? -

2. Ddég using the Data Management & Decision Making materials

¢

cause attainment of the specified goals of Instruction? . _
' - ) . N ' IS m
-39 " |



3. Do the Data Management & Decision Making materials
perform better than other materials which can .compete with

them in the educational market?

4. What are the costs of using Data Management & Decision

e
Making, how do these costs compare to the benefits of these

materials, and how do théy both compars to the costs and

.

.
> - i
& . B -

1

~ benefits of its likely competitors? . 7 e .

5. What are the important side effects of the Data Manggv_eniént
. - - . o . .

& Decision Making materials and how do they’ compare to those -

. . of its likeiy cbmpetitors?

oo .
- l -

In order to determine if there w:as,‘ empirical evu;'en’ce of need for . ,-.

h 2

Assessment of Need

the Data Management & Decision Making materials a needs assescment was -

conducted. That is, there was an attempt to determine if there was a ﬁeecL
- v

for the results of attaining the goals of this project. * -~ . -
To accomplish this task a survey of the target groups for this

prodgﬂct was undertaken. From the empirical results of this survey,

following sectjons, the. samplé; procedures, resuljts and cofglusions will be

- -

inferences were made ‘about tﬁe need for the DMy DM Ematerials'..' In the

= - *
- . .

described and discuséed. ) ’ .

N . . N [ @
E . Sample
y . , i . - RS . ’ i B B
. B The populations of interest for this needs assessment were.thcse :

. .~ . groups which were specified as the target groups for DM/DM. - These '
o . 'grqups involved both pi'imary users of the materials and those in
\\ . . . .

N ' | »’ o 40 : . \ ..'




decision malting roles with respeétt to dsing the ‘materl.al,s‘. 'The .groups

were:
| 1. Students enrolle"d‘;in educational administ{'ation courses at
R the college or _tutiversity level ' \’W 7
! 2. "-i’Fdﬁtttionere inf ed{icattlonal" adirilni'stratlon | .
= 3. Prot'essors of edu(.atlonal admlnlstratlon !

. Sampling Plan

"Each of the three groups was sa.mpled from a defined sub-populatlon
of the total populatlon of that group ‘The populatlon of students was ™
con51dered to be all students enrolled in educatlonal adminlbtratlon

in the United States. The populatlon of practltloners was defmed by the

'entr"les in Patterson's American Edﬁcation (1973),~ a listing of all school

‘dlStrlCtS in- the Umted States along with their chlef aM1mstrators. The

populatlon of professors of educatlonal admlmstratlon was defined as all

members of Division A (Administration).of the American Educatlonal

Research Assoc1atlon, as hsted in the 1973 1974 Dlrectory of Members

) \ Indlwduals were sa.mpled in each of these aggregatlons so that the
// ‘
finai sample was stratified according to group membership. The sample
ef students consisted of 50 students enrolled in educatl‘?nal administration
courses at Portland State University. This group contdined some practicing

r . .y

adiinistrators returning for further edicatién as well as full-time students N
in educational administration. The-pzja(':titioﬁer sdample ',\was selected by .. .-

" randomly choosing ﬁppfoximately five school districts within each state to

. . . . o |
,'yield a stratified national sample. Within each of thesedistricts the chief
. : - : : 1 1 . 33 '
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-

4
o -

administrator was contacted. To choose the sample of professots, persons

were selected from the AERA Directory. Each twelfth individual listed in ‘the

’

Direcltﬁory with Division A membership- was selected to be contacted. It
should be evident that only the pfactitioner sample -was a truly random

sample. The professor sample approximated a random sample, a the
students sample was an 'opportunity' sample.

g
Survey Instrument -

The survey instrument was based on the validity of an Inference

designed to infer need from two ''lower order" re'spdpses. Since it was
37

assumed that most of the survey subjects were not familiaf’ with operations
‘.'. * l .

research terminology, ‘it was decided that the

problem of determining need
was to be approachec% indirectly.

Instead of asking directly If therd was a

need for training in a specific operations research'te_chniQue for educatlonal"

administrators, all subjects were asked two related questions, concerning

problem types theoretically solvable by the operations research tgechni‘tlues of

concern in this project.~ That is,‘_each subject was presented with a brief

description of a problem type and asked how frequently they encountered that
problem type in their work and what level of neéd they pérceived for training-
\

\

materials .-in teﬁhpiques that could solve that problem type. _The inference
was then constructed that "if a subject indicated that he éncountered a.

o
4,
}

p\roblem type in his work and that if he .felt t;hat ‘there was a need for

(

onlyi\ 4 desire for appropriate training mateniéls, but -a genuine need for'them. fr

ap}gropriate training materials, then it was inferred‘ that there was not

That'?i.is", such responses indicated that appropriate training materials were

. “ -
. .o
¢ E .
§

s)
N
3]
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wanted and that agcomplishment of the goals of these materials would be
, - ‘ : © T, .
of some utility in solving problems encoiuntered by educational admidistrators.
. ) -
To illustrate how this was accomplished, 'a sample item is shown below.
See Appendix B for the full form of the instrument. o f
. L - . o
. PROBLEMS . .
. ENCOUNTERED . MANAGERIAL FUNCTION : . TRAINING MATERIALS -
X : 3
Please check anly one box. . Please check onlv one box.
. ) ) . Needed - ) .
Some- Hardiy ' ) Necded But Not . '
Often  time Ever " . Very Much  Essential  Not Necded

m D D 13.° Predicting changes In school en;'ollmenl L. [_—.] g L—.]
Y ° v ’

Fig. 1, - Sample .item' from the needs assessment i_nstruinent.

@

Procedures ‘ _
¢ .‘ f . i ’ , L.
- The p)‘o'c_e'dures involved *in executing the .survey involved drawing the
’ saxi;ples, mailing -out the instrument, and tabulating the responses. Clerical -

a

-pérsonnel selected ‘the survey subjects according to the “'s"a‘mpliz{‘g proeedures -

as sbeciﬁed in the sampling plan. Thé names drawn from the"professo — < -
- ' . ) . . T ’ !

and /@tioners samples were typedg,r,eproduclble labels and stamped '

self-addressed envelopes were prepared. An 'mtrodhctor;a letter (see Appendix B)-

was prepared by the evaluator apd attached to each copy of the instrument. -

In addition, - all professor and pradtitioners instruments, albng"_with the

v - 3 n

in’tro,ductoryuletter and the return envelope, were mailed to each subject.

' _. After a period of 30 days’, all instruments whicﬁ had ‘been-re.turrled were

checked off against a master list of instrument numbers. These réturns
. o) - . . 1

ere to two types--completed forms and mail not deliverable. For. those

subjects it was not poss’ibLe to contact (i.e., mail not delierable)- oL T

,4({. ’ . .
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replacements were drawn from the populations as in the orlglnal v

_-sampling. These new subJects, ar.d all other, subJects W o/had not

responded to the first malli"ng were sent a second-mailing, identical to
| ' :
‘ |

the first. This completed,the'attempts to contact ;rébjects.. -

|

After an elapsed tlme of approxunately sté months, the survey
instrument was tabulated and the results analyzed
I

A

4

First, the formsi

( _ .
_“J . ‘were dlvided into three groups co_njespon/dhl_g" to the three‘groups of 1,'
N _ ) -t / x .
interest. The response$s were tabulated in matrix form as in Fig. '2
. ' /", . / ‘ v'
/ 1
a . - r
. ’ Problems Encountered -~ !! '
}
.| Often(1) :Sometlmes._,(Z) - y Hardly Ev},’er (3)
s ! .
. Needed ,| Tevel -1 \ I
very much (4) Response 1 \ ;
N v ' f
: » . ~ Level 2 ) ‘;
Tralning Needed but Response ! r :
Materlals not essentlal’ (5) : i
g L Not - . - Dol
.| needed- (6): ’ T o .
- / — —
. T N N . . .\v
Fig. 2. Poss,ible,. combinations of responses as portrayed by a matrix.
- . ) e e . - . o \\ . )
Since there were two responses Jor each item and thres 1ssible levels for
.. N . ¢ . ‘ ‘~\
-+ . each response the data were tabulated in'a 3 x 3 matr sntaining all

_ _ . _ _ N
possible combinations of responses, where each entry represented the total \
number of responses of that type for that'group. - Since all the"'Operations

3
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research techmques of interest to thls prOJect were represented by
- A

e f
more than one problem type, the matrlces for eac'h technique were

aggregated in order to derive a total response. matrix for each_ technique.
: % - )

The ombinations of items which were used to‘calculate the-total responses

"for each technique are given in Table 1.” . N o

° Table I. . - ~

“ e . . .
' . - . » T

Correspondence of Questionnaire Items with Content:of DM/DM -+

-~ I \

! !
Contedt Area- Pertinent Itemg
{. Operations Research. | R | I
in Educatlon\_‘__'.' . -1, 8, 14 - '- ‘
.2, PERT/CPM .. = 2, 3, 6, 10, 15
'3. Lisear.pregramrﬁﬁpg o 4 11, 15; 16
4. Q‘ueue'ing Tﬁeary' \\,\\\,\ 5, 7, 12 o« N )
. cer;puter'A‘s;mma’ti&p AN 9,13, 17 " ‘J
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Then in'order to translate the results into readily comparable terms, the

entries in each total matrix were- transformed into percentages of the total

responses for that matrix. At the next level of summation, percentages
. ,

were calculated for the matrices of:

R ;
1. Each technique across: all groups

.'\,“

4

.o 2.- Each group across all techniques

’ B -

3. Overall responses across alla gi‘bups and ‘all 'techniques.

Finally, in order to facilitate interpretation, two .additional figures. were

calculated for each technique in each group,- and the three listed above. The
first of these was ciilled Level 1 response and was the percentage of responses
m each matrdc which rated a tec'quue as. pertaining to problems Wthh were
often encountered an_d in which training was very rnu“ch_neeQed. The second

was the Level 2 response and was the total percentage of responses which
- . -\ * s B 4

indicated that pro_blems related to technigues were at least sox_ne'times

encountered and traming was needed if not. essential. Thus the Level 2
‘ response inclnded-Level 1 response. See: thure 2 for a pictorlal

representatlon of these two figures The final analysls perfor_med on this

. &

data was to test the differences on Level 1 and Level 2 responses among the

groups by means ‘of a t-test on the proportions.

o

The first resdlt‘ calculated was the re'spo,nse rate-for the surveir—-thel‘
percentage _of sulojects who responded to the' survey. The student résponse-
rate was 100% 'dne to the_nature o'f' the administration procedures. , The

response rate for the sample of practitioners of educational administration - /
- . X . R ( ] -

Y

-

~
oo




.65% and the respens"e' rate’ for the professors of educational administration

.

was 63%. o

o ¢ ' . ' -

/ oo The basic results of the survey, the total response matrices, and
) petrcentage matriceé' are presented respectively in Tables 3 and 4, on the
5 o ‘ I ]

next two pages. Since these tables are large and complex and their
information density is so thin, these tables are included here for perusal_ R
but they will not be dii‘ectly -discussed. ' . ‘ wy

The most: importan't' results of this. study, the Level 1-apd Level -2

' responses, are given in Table 2. The ‘first -figures that this table presents

. _ .Table 2
Data Mandgement & Decision Making Needs Survey--
Pe»rc_exftage Indicating Level 1 and Level 2 Responses™

: Students (1) Administrators (2) . |Prof. of Ed. 'Admln; : \All '
*. Technique’ ] : - - :
; Level 1 Level'2 Level 1 Level 2 Level 1 Level 2 .{Level 1 Level. 2
Analysis of ! o . . ’
Declision-Making 45 85 44 85 50 .87 . 45 B
: = 3 wals2 . '
PERT/CPM : 503 91 483 85 39" 902 46 88
Linear 2 2 3,1 a2, | .2 2 .
Programming .1 48 38 . 60 . 95 517 91 53 - 91
Quéuelng : . ' , ‘ o . _ : ~
Theory 26 1 33° go°*? 20? 76> N
Computer 0 : :
Simulatiom ‘| 20 63 28 74l- 27 67 25 . 68
- [ o . o . '
 Total 387« s0%03 |- 43le3 70! 39° g2 | a1 /_ss
t ‘* Level 1 i'espo'nse: Indicating that a type of problem is’ often encountered and training is needed very much,

Level 2 response: AIndlcn:lng that at least a problem type ‘Is encountered sometlmes and that training -is
needed if not esseutial (Level 1 is inclided.) -
/
e Indlcates that the Student Level 1 response to PERT/CP\I is _significantly dlfferent at the . 01 level from
the Lével 1 response of Professors of Educational Adminl<trat~(on 3.

1
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are the Level 1 and Level 2 responses by technique within survey group.
' StJdent,‘ practitioner and professor Level 1 responses mdlcated th‘it'all groups

conSLdered the introduction to operations research PERT, ang rear.

prog'ramming to be the three areas in which’ training materials wére most /

needed. For ‘all three groups much smaller Level 1 responses ware given

. ‘ for queuelntr theory ahd computer simuldtion. For the flrst three techmques

‘ the Level 1 responses across all three groups ranged from 39% te 60%
mdlcatlng that approx1mately one—half of the respondents in each of the groups

I e
felt that these were techniques which solved frequently—encounterecl problems

and were .techniques for which tralning-matertals were much needl't:d.‘ Level 2
:responses '.for each of the groups follov_ved essentially the same paitern as .
those for the Level 1 responses wlth one exception.: Admin:lstrat_ors gave a
N | hlgh Level 2 response to queueing theory. ..It is ‘impo‘rtant"to no-te that '.
| practlcally aLl Level 2 responses e*<ceeded 70%:; except for students' and
professors.. responses to computer sunulation which were sllghtly less.
e Slg'nLt'Lcance /tests among the Level 1 and Level 2 respons Y] ;
wnthln techniques across groups revealed a number of smgmflcant.clifferences-
however, most of thése differences- were -reaso'nabrly small in that they \dld "
not‘ exceed 11,0. The, one exception was between the Level 2 responses for
students and . adminlstrators t0 queueing theory The response for the |
. : . ¥

admnnlstrators e\;ceeded the response for the students by 18% and proved

< -

to be the second hlghest response for thé practltloners.




' \ Table -3 # '
- Total Response Matrices for Each Technique for Each Target Group_1
Students | < Administrators Professors of Ed. Admin.
[} >
.-Ir;troduczlon to M E ! 2 3 1. 2 3 1 2 3
- Operations L4 66 ‘28. 2 4 |.210 80 8 | 4 | 253 49 11
Research 5 1 29 11 5 11 107 17| 5 17 122 15
6 0 1 10.{ 6 1 11 37 6 2, 9 23 -
N = 148 N = 482 N = 501
PERT/CPM ! 2 3 1 2 3 | 1 -2 3
4 1247 4 9 4 392 79 5 4 | 305 132 3
-\ 5.4 138 4 8 ! 5 | 3¢ 18 15 | 5 | 57 2138 23
: 6 0 1 4 6 46 17 39 6 11 13 25
N = 249 N = 810 N = 782
‘Linear 1 2 3 1 2- ' 3 ! 2 - 3°
Programming 4 96 28 4 4 1 389 , 62 1 4 | 348 N 10 .
N ‘ .5 8 44 9 5 33 129 7 |5 60 148 12
6 0. 2 8 6 6 .5 17 6 19 20
“t N = 199 N = 649 — N = 689
.- [AY - ‘ R
| Queuelng 1 2 '3 5 1 2 3 1 2 3
.. | Theory 4 38 13 4 4 160 61 3 '} 4 111 - 60 8
. 5 .9 45 23 5 27 179 11 | 5 | 23 181 31 |
T 6 | =0 1 -15 6 4 13 25 | 6 1 20 ‘60
’\\' . ‘N = 148. , N = 483 | N = 495
N Cozr\xpptér_ N 2 3 D1 2 3 1 2 3
Simulation T4 26 8 4 134 . 68 3 4 132 66 - . 10
5 31 21 5 16 140 23 5 21 114 30
6 1 27 6 1.11 14 76 6 |- 0 26 93 °
N = 151 N'= 485 ) TN = 492
= | Total ~2 3 ! 2 3 : L1, 2 3
4 129 25, 4 |1181 355 20 4 [1113 .77360 12
.5 192 72 5 126 714 71 | 5 167 747 108
e 6 60-1 6 1| 31 58 190 | 6 15 7 218
. - N = 843 ) N =2746 - N = 2847
\: N .
OVERALL
1 2 3
4 | 2616 844 87 -
‘ 5 330 1653 251
- . 6 46 141 468
, N = 6436 ¥
1 See” Fig. .2 for the responses corresponding to the n’umbereg_l cate'gorles. . k2
. . P - . ’
7 41

O
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Percentage Response Mgtrices for Each Technique
Target Group:and Summary Percentages

N,
Kl
\,

“

Table 4

-~

for Each

AN
Students ‘ \ Admlnistrators "Prof of Ed Adminlistration All Groups‘_
- 1 2 . 1 2 3 1 2 3 . 1 2 3
4 45 19" 1 4 | .44 17 2 4\] 50 10 2 4 45 15 2 |,
.5 1. 20 7 5 2 22 4 5 3 24 3 5 2 22 5| .
6 0 N 6 0 2 8 6 0 2 5 6 0 . 2 (.
1 2 3 1 2 3 ’, 2 3 1~ 2 3
4 50 16 4 | 4 48 10 1 |4 39 17 0 n 46 14 2
5 5 20 - 3 5 4 22 ‘2 5 7 27 3 5 5 23 3
6 "0 0 2 6 6. 2 5 6 1\ 2z .3 6 | 2 1 3
1 2 3 1 2’ 3 1 2 3 1 2 3
4 48 14 2 4 60 10 0 4 51 10 1 4 | 53 11 1
5 4 .22 5 5 5 20 1 5 S 21 2 | 5 6 21 3 v
6 0 1° 4 6 1 1 3 6 0 1 37 e | -0 1 4
1 2 3 1 2 3 1 2 ‘3 1 2 "3,
4 26 9 3 4 33 13 1P 4. 22 a2 2 | 4 27 1 2"
5 6 30 16’ 5 6 37 2 5 5 37 6 5 | 6 3 4
6 .0 1 10 6 1 3 5. | 6 0 4 12- 6 0 3 9 | .
1 2 3 1 2 ' 2 3 1 2 .3
4 20 17 5 4 28 14 . 1 4 27 13 2 4 25 15 i3
5 s 21 14 5 3 29 5 5 |4 23 6 | 5 4 24 8
6 _ 0 1 18 6.1 2 3 16 6. 0 5 19 6 1 3 18
Total 1 .2 3 1 2 3 11 2 3 OVERALL J,
a ] 38 15 3 | 4 43 13 - 1 4 39 13 1 ) 1 2 3
5 4 23 9 5 5 26 3 5 6 26 4 4 41 13 1
8 0 1 7 | 6 1 L) 7 8 1° 3 8 5 5 26 4
6 1 2 T
‘ ;
- “ i . .
~ . B
-1 ) ~00 o
. ‘ T 42



| _ groups comblned for each of the techniques. These appear in the last set

Table 2 also presenl:s the Level 1 and Level 2 responses of all three °

of columns in the table. These figures reveal a s.lrnllarpal:l:ern of reSpo:nses T4

3 ©\
—

for both levels. The highesl: ‘rated was linear programming (53%, 91%) |

‘ followed by PERT. (46%, 88%), lnl:roductlon l:o operal:bns research (45%, 84%) .

" ..

: l:ram;ng in these [:echmques was ~greal;;_ Second, since ahnosl: all of l:he Level_ 9

queueing l:heory 27%, 79%) and computer simulation (25%, 68%) Level 1

responses ranged from 25% to 53%, while Level 2 responses ranged from

68% to 91%.

Finally, Table.2 presenl:s.' Ehe responses across a11 technlql;es
combined for each of the three groups and their aggregal:lon . These fig[lres

appear in the 1asl: row of the l:able ' The practltloners gave the hlghesl: 1eve1

Y

Leve1 1 (43%) and Leve1 2 (87%) responses of all the groups, whlch were, in .

fact, significanl:ly greal:er than the responses “for either of the oj:_her I:WO- groups.

Pl

The responses of ‘the 'students and professors were esseni:iall'y 'Fs'L_m,ilar, with the

"exception of a significant 4% difference between Level 2 responses. 'I'he_‘ final--

/

summarjf figures are the Level 1 and Level 2 responses across all g’r_oups i
g o

‘and a11 techniques. These ‘were 41% and 85 70 respecl:wely ’i‘hese last

ﬁgures would appear to mdlcal:e a reasonable level of need for the l:echmques.'
L]

. : , Conclusions .
. 7 i ——————————— E

o

Severa1 conc\r\usions, are readily. ev1denl: from the above sl:al:ed results.
First, since almosl: all LeVel 1 responses exceeded 25% [t may be concluc(d

l:hal: at least one--quarter of a11 surveyed groups saw the problems re1al:ed l:o

. r t/
operal:lons research techiiques as encounl:ered often and fell: that need for

.
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, -responses exceeded 66%, it \'4 be'concln.ded that at least twb—thirds of all..

. surveyed groups saw the prob ms solvabje by the operations research‘

!

(! techniques as sometimes encountered and that training in these areas was

i
/
LN . [

: 1, , .. . o
needed, 'Lf not essential Third, the survey revealed that all groups surVe'yed

had differential perceptlons with respect to the different technlques, with
v \f'.'-‘-t-l

‘ lmear )programmlng given the hlghest regponse. Fourth, the'practitioners
e \ * . -

Wit
o of educatlonal admlnlstratlon seemed to ‘hold these techmques in greatest
\ '\
rV"alue And fifth, for the total package of techniques across the comblned

groups, shghtly less_ than half the respondents percelved it as being greatly
neé\ded, \vhlle more than four-fifths percewed the package to be needed if

not essenttal. Thus it would appear that there exists strong evidence of -

vy
£

need-for Data Management & Decision Making..

Before drawing the final conclusion, however, it is appropriate' at
this_;time to discuss briefly some of the caution’s concerning the conclusions.

It should be evident that the student sample’ was drawn from a single

A 3

]

_university in a specific geographic region, and thus may not be represeng_ative
of.th;_e entire population o.f"students 'in educational administration'. In

| addit%ton,, there may_l;e some bias ,in the professors of educational administration
samnle _ Since all respondents were members of a 'researeh brganizatien,, it
is p'oSsib_lE 'tl;at there .is a bias in this group toward using seientiific techniques
"for problem SOlfing, and thus a higner level of response may be given“that is

a_ct"u%llly;,t_he' case for the entire poleation.v Since these sources of possible

bias e‘xi’s‘t/the‘strength of the conclusions must be tempered. °

s
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What may be concluded from this survey is that among important

decision making groups, thou;-h they may not be entlrely representatwe of

] - @

the target groups specified for the prqduct-, there ds .'strong evidence of

¢

. need for training in the techniques of operations research as specified in

.
~
.

Data Management & Decision Making. F"Among students -in educational

administration, there is some evidence of pérceived need but it is not
possible to generalize this to the entire Iiopillaticn. ’. . \ S

Field Test’ of Product ;

T.’he fleld test of Data Management & Deciston Makmg dealt with

N

three aspects of the summative evaluation—-achieveme_nt, competitors and

v

side effects. As previou'sly stated, -however, these concerns are
insufficiently precise for conducting an e;:perimental inquiry into the ,

eﬁ'ectlveness of the DM/DM materials. In th‘e following.paragraphs the ' .
evaluation questions will be refmed so as to derive testable” hypotheses.

v

for the fi‘eld test. . | : —_— C o - .

The first aspect, achieVement, has to. do' with whether or. not the
product is able to cause achievement with respect to _the goals of instruction.
If we define learning as a positive~chang'e in the ievei of goal attainment,
then: the cuestion ’becomes on‘e of learning. _Consequentlj’, one of thei questions

this field test inventigates is whether or not the DM/DM materials cause

r . -

~ cognitive, learning. ' For. purposes of generating the experimental situation,

“Mthis questlon was phrased us:

"'Do the D‘\«I/DM materials cause a sl’gmficant-posmtlve ,-change from

pretest to posttest on a questlonnalre desmgned to measure attltude -

- toward operations research in. education?" ' - -

Pd
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¢

\ . . t -
‘ 'The second aspec}: of. thg fflel'd‘l:e::'st‘, : competii:oi'__s, has to do with .
cbmp%ring t}le_DM/DM materials to poséiblé ‘coxf;'pet[.t,ors in ox:der to ‘ '

_ \asc'erl:_ain if ther'fdé better" than,their c‘ompe‘titors.  We are Eheref.ore‘;. :
interested in dete;z‘m-ining whether or not the DM/DM materials ch__xr_lparé“' ’

favorably with their compel:ifiors with respect to a rumber of"cr'il:ex‘l.'a.“"ln :

attitude éhé.nge.‘ For 'the purpos'es of the ﬁeld test these concerns are

_this field test two particular criteria are of interest-<-cognitive learning and f‘f':‘:

S v Ss

. ¢ v }
phrased in the form of two quesl:ioﬁs: - | . . a u
. , ] o A
"Are the statistically adjusted posttést scores on a test ' ’ o k
. . . . s 20

“~

designed fo measure 'objective attainment for the DM/DM .

materials significantly better than those of its competitors?".

-

and - o ' - | . /

¥ "Are the statistically adjusted posttest scores on the instrumest® - -
3 " designed to measure attitude toward operations research in - :

: educationv }or l:l'ie%.DM/DlM materials significax_ltly" i;efl;er fha.n

those 6f “its compétitérs?"’ V

The _th‘lrd'and final as'p.e.cl: with which thtis ‘fieici l:e‘;l: is concerned )
'is the question of sidd effects. That. is.,a.the' ipve;stigal;i‘on is 'ml:er";e;stedj.i’n ) :

détermining if there aje important outcomes of using the DM/DM materials .

£ , 1
whicl; Were-nol:_"planned' for m the original‘describtidn':; of the ifiﬁehtSﬁOi thé
‘matex'.ial‘s. ) A» s-ubsidﬁialjy matter of concerh’ in this area is é;c%omp;r:ljs/’.o‘_n
between the i.r;lportanl: side effeclés of the’DM/.DM materials and »il:s'-,‘
compet-il:'ors; - - - ) ) '-\ . L .

. ’ 54 - 46 |
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It is import;u‘lt to note that the questions as phrased above imply
that it is desired to evaluate the overallr performance.of the DM/DM
materials. This is not the case. Since the materials were qrig-'ma]ly
designed so that the instruction on each technique would beJ ind’ependent of
any other of the units of instruction excépt for thé introduction, it is

o~

-appropriate to focus on how each unit performs. Conseduently this evaluation

N

is concerned with how each of the questions stated above is answered for
each of the ulnitsf,of instruction. iﬁ;’Introduction to Operationé Research" is
not iﬁcluded sif;ce it is inténded merely as ‘an "advanced organizer' for the
four ’tecl'mique units. - Therefore_'-thi§ evaluation wiﬁ attéﬁlﬁt to answer each
of fhe' sL*c-evaluationic.;ﬁeétions stz_lted 'Lnlthe previous parégraphs for each
of the four’technique" urfits--—"PERT/CPM:_ A Planning and Analys;ls Tool, "

"Linear Programming,’ "Queueing Theory" and 'Computer Simulation."

Design of the Field Test -

In the following sections the sample and sampling précedures will

be described, the testing ‘instruments will be depicted, the procedures

explained and the analyses delineated. | o R
. ¢ .
Sé.mgle. The sample for this field. test was drawn from the

primary target populations of the DM/DM materials. It consisted of students
in educational administration courses in universities at the graduate level.’
Due to_ the nature of postgraduate education in the field of education, the

sample included both practitiohers of educational administration and full-time
S | L. S
students in educational adminjstration.. The sample was drawn by contacting

- professors of educational administration at several universities around the

AN

4 ". AR . . i 5&5

o
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country and asking for their cooperation in this field test by making their

-

classes in educational administration available. This setarch revealed four

suéh persons who were \:"Llling to ‘c_voo'perate'. Three of these were at the
University of Ibwa (CD) and one was at Northern Arizona.Uni{rersity (NAU).
-'I‘hese persons \rolﬁr‘lteered a total of six graduate classes for t'h;: field test.
Two of these classes were at NAU and totaled 27 students. The other four
cl;sses weré at UI and totaled 75 students.

- - Table 5 reports a number of characteristics of the sa.mplierwhich

“are considefed relevant for this field test. At both schools the predominent

&f'f Table 5

PR
Descriptive Characteristics of the Sample Used in the Field Test
of Data Management and Decision Making )

SCHOOL,
NAU Ul
Position
Student 2 20 .
Teacher 7 28
Administrator 1 14
. Other G 3
No Response - 1 10
' f)egee .
' " Bachclors - 2 , .20
Maslers : 15 : 41
Doctorile -« : 1 3 "
No Response 11 11 | .
JAdmint. trative
Exporicnee ,
N 0 15 34 -
. ~ 1-5 years 1 : 13
- . 6-10 yoary . - 6 %
: " 11-10L years - i ¢ .
. 16 + ‘ - 3 , ) .
! * No Responsc 11 ' 12 - _
i
§ e
| o .
! 19

<
—~
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W
While there

/

<

\
number of respondents were either students or teachers.

was only one practitioner at NAU, there were 14 at UI, a reasonable

number considering that the courses were in the fall term. DMost of the

-

degrees held were either Bachelors-or Masters with a very few Doctorates.

-
3

The predominant years of experience in administration was zero for both

-

schools. At Ul approximately one-third of the subjects had seme
From this infor-

administrative e_xperience ranging from 6 to 16 yeafsﬂ.
mation it would appear that the subjects sampled met the specifications

-

for the target groups for the materials 'in that they are generally either
students or administrators“i'eturning for further education geénerally at the

graduate level, though there is a predorhinance of potential over practicing -

_administrators.
Instruments. Ten instruments were designed for this field test.

* They were intended to measure both the co,gﬁitive and iaffective outcomes

of the products and their c¢ompetitors. Eight of those were cognitiv.e learning

, * kY . s | i o 4 ‘.
instruments constructed in four subject-matter pairs. Each pair was use
~

-

\
S

l'm_éar pro'grémm'mg, queueing theory aad
g the instruments in pairs

to measurc cognitive lcarning with respect to one :of the four operations

research techniques-~PERT,
computer simulation.” The purpos'e'of\‘c_onstru_ctm
vide parallel forms for use inx..‘a, pretest—-posttesf°situatio-n. Each

was to pro
form in the pair of instruments was const'x-'ucged so that each item

!
corresponded' to an instructional objective for the unit concerned with a
\ '

-

i
| . ! . ’ E . . " ..o“ ' .
. particular technique. Thus in each instrument-pair\there were two items

| :
. .
e pilot test of

/
j
fyr each instructional ohje tive--one on one form of the instrument and one
. i \ :
g.th

|-
I on the other. All instrument-pairs.were evaluated durin
_ 57 e
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the materials. 'I"hey were found to be generally accéptable according

"to some heuristic criteria for objective-referenced tests. . Before the field

[N

test, however, some item pairs were revised to correct for deficiencies
discovered in the pilot testing. After the completion of the field testing,

internal consistency reliability coefficients.were calculated for each of the

forms in each of the instrument pairs. Since the item scores were variable

rather “than dichotomous, the Kuder-Richardson Formulas were not appropriate.

“ In this case, tﬁe__ measure of internal consistency was that for the reliability

o :

of a composite test--Coefficient Alpha (Lord and Noviék, 1968). 1t should

be moted that thisl is not the é?ue internal consistency reliability of the test,'

but rather a lower bound on vthat _lfelfability. These reliability coefficients

are reported‘f;)r both the pretest and f)osttest in ea'ch of the following

instrument descript-ioné. y//- ' L -
S ;

/ . ,e' . - -
1. PERT: The p/air.o_f instruments designed to measure the

content 'lea?eﬂ\from Ehe unit on PERT coﬁsiéted of' 18"
;'Ltemi pairs keyed to the instructional objectives for this

unit -as " listed 'uib Ap}”?zndlx Al .'fhes‘e. pairs were ;blit N
as described\"mto a 'p’rete.st ‘and a ':posttest-form with.a

tota}l of 34 po.ints or}ﬂ eae'h.‘ Thesé forms took appro.xima_te.ly.

45 minutes to complete each. The lower bound of their

A

7 internal consistency reliability as expressed by Coefficient

g Alpha was. .24 for pretest and .G5 for the posttest.

-’



o

Linear programmiﬁg: “The pair of instruments designed to
measure the content learned from the unit on linear
I;rogramming consisted o.f- 16 -item paier keyed to the
instructional objeﬁi/vgs for .this gnit asylistéd m Appendix A.

These pairs were split as described into a pretest and a

posttest form with a total of 30 points on each. Each form

‘took abproxihaately 35 minutes to complete. The lower bound of
of their internal consistency reliability as expressed by

. Coefficient Alpha was .63 for the pretest and .66 for the

posttest.

Queueing theory: The pair of instruments designed f(;'measure'
the%ohtent learixe_d from the unif on dueueing'§heo_1y consisteé
of 17 item pairs keyed to the instructional objecEives for this
unit aé listed in Append’LxlA. These paifs were split as .
describ:ed into a pretest asd a posttest form .w'ith’ a total of

30 points onl,eéch. ~_ These formé each- took appf;)ximately

) : , T
35 minutes to complete. The lower bound of their internal

consistency reliability ‘as expressed .by Coefficient Alpha

was .60 for the pretest and .71 for ‘the posttest.

Computer simulation: The pair of instruments designed

_to measure the content learned from the unit on computer

simnlation consisted of 16 item pairs keyed to the

instructional objectives for this unit as:listed in Appendix A.

s

-

WE|
o~

Y.
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These pairs were sp.lit as described into a pretest and.
posttest form with a total of 34; pointé on each. Each
form took approximately 40 minutes to complete. The
lowe\r bound of their internal cohsistency rel'Eabilities as
»exp/resse‘:_d by Coefficient Ali)ha, was .62 fqr the pretest
and .7é for tﬁ;: postte:st'.

Ea;ch of these ins'tru;nents was scored in_two ways. The first
score reflected achievemeqt on the enti.re set >ovf’ cognitive objectives for:
each DM/DM unit, and was tl;e !:otalll points scored on the test. Thiz score

_was known as ti:e Fuli Coénitjve Test Score. In order to make a more
rigo?ous' comparison betwe;en the DM/DM ;naterials and.the'u.' ctompetitors,'-
an additional s.core was calé;iatéd. ;i‘h'is score was detemined by add:mg
"up the scores on items which reflected objectives in common for the tw;vdv
sets of materials. ‘Thié “score was called the Co;monQObjectives Score.
Both theﬁse 'é’cgres were then use;] to compare the ‘two sets of matex:ials. )

'The two aﬁe;tive fneaslmement fnstrunients were designed to’
ineasure att:itude towal:d: using operations rese_gr.ch in education and toward
using the developed éroduct;1las a [earning tool, ‘and feel'mgs abom.1t the
stggctﬁre within which the materials Were used. | A' copy of ‘eachAof tﬁese
instruments 1gay 'be found in Appendix B The first of these’ inst’ruments,m
Quesfionnaire 2a, \Qas used to meaéure "att'ltudés \Joth.before and after the

prbduqts were used. This questionnaire consisted of 18 statements with

five point Likert scales of agreement. The first 10 of these items were

&

designed to measure particip'antsv', attitudes- toward using operations research

52

ERIC . - 60

W o

V-



in education. The measure of the attitude was the average response on-
'
the 10 items by each individual. The last. eight items dealt with attitudes

concerning the materials studied. In using this questionnaire as a pretest

»

of attiti_ldes the students were instructed to ignore the last eight items. When
the questionnaire was used as a posttest, the students were as’kedf: respond‘
to ail items. The internal consistency reliability of the first 10 items of the

qhestionnaire was evaluated by means of Coefficient Alpha. For the pretest

the lower bound of the internal consistency reliability (Coefficient Alpha was
r . - :
.81. This was judged as acceptable. No attempt was made to evaluate the

reliability of the last eight items since each item was interpreted individually.

The other instrument designed to determine attitudes related to the

»

use of‘ﬁhese materials was Questionnaire 3 which may be found in Appendix B.

- )

This questionnaire collected the descriptive data given in the Sample- section

«

and asked several ‘ree response questions about the materi-:ls. These:

quesflions con?erned the students feelings about the manner in which they

\\"\

studied the matzrials, dffficulties in ‘using the computer, the best and worst

things about the units they studied, possible improvements, specific criticisms,

their Arécommendation to others .con"c-:erning these materials, and their ove;all _

reaction to the materials;.: , 'h -
it is important to note im judging the quality of thchase‘_.ins_t;:_t_;\m,ép;s_)v-f'th-

respecct‘ to‘ reliab-;tlity that several factérs may have contributed to the rather"

low values. Accurate estimates of reliability of this type are dependent on

e s . == o

/ two factors. The items must be approximately homogeAneous and the size of
~ £ )

the dample must be fairly }arge in order to obtain a "good'" estimate of the

n
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internal consistency reliability by means of Coefficient Alpha. The validity

L

of both of these assumptions is in doubt, for this field test. " The objectives
for the materials specified a number of different pieces of kﬂoévledge and
several skills, all of which are nof necessarily close_ly related. :Thus, the *
_items may lack homogeneity in that they attermipt-to measure different things.

Second, the group sizes used to determine the reliability were rather small

-

(all less than 30 Ss). The effect of the violation of these twe ﬁssumptions is .
that the lower bound of the reliability is generally underestimated. As ;1‘

result all lower bounds on the reliabllr'\ty of the instruments used may be
‘ . . . . -
underestimated. ’

- In the next section the uses to which these instrur -ats were put will

[N

be described.

frocedufes )
k‘{irst step of the procedures for this field test was the

identification and selection of the competitors.against which the products

were to be compared. The first attempt at this involvef.:l a search for a
. ~ingle product which could compéte directly with DM/DM in the edqcationah \

marketplace. This attemptbresulté/d in nothing diréctly comparable to_the

3 .- ~
- DM/DM materials in a single entity. The search then Shifted to a second

o

focus--locating competitor materials for each of-the four operations research

-

: techniques units. . In this éeconc_l phase of the search, ma'térial‘s were sought
which possessed evidence of empiric‘al validation and" which were parallel in ‘
content to the DM/DM units] The search was unable’to discover any ,

. . . . \

materials which met either of these criteria. There were no ‘units of
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essentially the same as those expressed for "PERT/CPM". - "fhe tekt was

instruction concerned with the four techniques of operations research which
were empirically validated. In addition, there were no materials which
included both a discussion of the operations research techniques and

emphasis on using them as computer-based problem solving tools. The

&

search did reveal, however, a nurhber of units of instruction that did
speak to a subset of the instructional gba}s specified for the DM/DM materials.

PERT and/or CPM has been a popular instructional subject in many

fidlds of managemént for aBout the last ten years. This popularity has

resulted in a profusion of tests and instructional materials on the subject.

However, without exception, they maintain an abstract or general bu§ineSS.
. N N N \ 0

'emphaéis. Problem examples are generdlly concerned with demonstrating

o \,f . : -

the application of PERT-or CPM to general ménégemént t_asks‘ or typical
? ’ .

’

' business projects. Nowhere was-there any evidence of concern with problemsg

+

characteristic of educational administration. Thus, it was not possible. to
. \ ) 3

select .a competitor that was co_ricerng:d with problem solving in educational

administration. The best that could be done was to select an acceptable

[

general test concerned with PERT and/or CPM.

-

" The competitor selected as being the best treatment of the 'subjec,.t
. ’ Y . * a

within the stated restrictions was A Programmed Introduction to PERT (1967).
- _ - v £33
This particular text was chosen for several reasons. First, being programmed

1
’

' ' . _ .
instruction, it was intended to be largely self-instructional as was the DM/DM -

uniz on PERT. The basic objectives concerning the technique were

fairly short and was estimated to take the same amount of instructional time

o 55
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- highly self-instructional. It covered the same basic topics as 'Linear

as "1"ER'I’/CPSI." ;And finally, this text was not heavily business orienteéi.
For purposes of the field 'testing the text was modified slightly in that a '
section concerning prdbability calculations using PERT was deleted. This
was done sirce research dealing W':lth PERT has revealed that these
calculations are quite oﬁen spurious anc; useless (Cook, 1968). \

There are also a number of texts which deal witﬁ linear programming;

bowever, most of these are written at a very sophisticated level and are often

~ beavily mathematical. Most have been written either by econometricians or

mathematicians with the intent of commuri‘lcal_ting the mathematics of the

3
3

techniques rather than its uses. Only a very small number of texts deal

with applying linear programming to practical probléms, and even fewer with

applications of linear programming in education.

P

The competitor selected as being the best treatment of the subject .

within the stated restrictions was Making Reliable Decisions with Linear

?

Programming (1968), published by the American Management Association.

_ This text was also chosen because ii'was a programmed text and therefore -

3

Prdgraﬁming" 'including the basic terminology, model formulation, meaning

of solutions, and interpretation of the results of aflinear programming ahalysis.

In addition, it had a section on using the computer as a tool in linear

N

programming, but there was no "hands-on" experience ‘included. Onme
modification was made in the materials. A section on the mathematical

technique of the simplex method was deleted. This was done'since it was

determined that it was not relevant to the important goals of instruction
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in linear prog;ra.mming. ‘With this deletion, it was éstiméted that the
materials would take as long to work through as "Linear Programniing."
The number of instructional matei‘ials available in qusueing theory
.
pr_ovéd to be quite small. Most information existed in the form of journal
articles rather than texts. Of the few that were available, most were
mathematically oriented cud highly complex. In addition, almost none
attsmpted to demonstrate any practical applications of the technique and
even fewer applieii the technique to sducational adininistration.

The instructional material selected as being the best treatment of

the subject within the stated restrictions was the queueing theory chapter
v - N ’

‘from Educational Decision-Making Through Operations Research, anDusseldorp ‘

et al.; 1971). It was chosen as the competitor to "Queueing TheoryV for
two reasons. First, it is, to the best knowledge of the evaluator, the only
non-technical treatment of queueing theory presently available. Second, it

attempts to deal with queueing theory applied to educational administration.

Since it was a chapter from a text, it was not designed to be largely self-

. instructional in the manner of the;DM/DM materials. Also,  since it ‘was

only about 13 pages long, it did not take the samq time to complete as the -
"Queueing Theory'" unit. It was selected, however, since it seemed to be

the only exis'\.xing competitor of any similarity.
, N :

The fiei‘d\ to choose from in seieciing a competitor for "'Computer
Simulation, " also appeared at first to be fairly. large. A closer examination .

of the available texts revealed, however, that the number of directly relevant

texts was quite small. Most of the available texts dealt with construc;ting
’ ? .

simulations of specific systems rather than using existing simulations.
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In addition, most of these texts were either oriented toward deriving math- .
ematical equations for portraying a system or constructing systems for

business applications.. No available text dealt with using simulations in

N

educational administration or involved direct experience with the computer.
The competitor selected as being the best treatment of the subject

within the stated restrictions was 'a set of chapters from A Primer on

: o - . : ~ ..
Simulation and Gaming, by Barton (1970). While this text did not deal with
examplesfof"gcomputer simulations that educators could use in administration,

it did discusé_. some of the terminology of computer simulations and described
| » | .
the different .t\'ypes of simulations that did exist and examples of each. The
. _ 3 v . B i ’
discussion was essentially non-technical and non~mathematical as was

appropriate for the target audiences and it appeared to fit the same time

- frame as},,"Computer" Simulation. "

©

The four setzf materials described above were chosen as the

materials with which -DM/DM units would be compared. No competitor

- -

was chosen for ""Operations Research in Education" since the primary intent
of this unit was to serve as an advanced organizer for tbe other umits rather

than as a primary instructional unit. None of these competitors were perfect

L K

fits with the DM/DM materials, especially since none included hands-on
.computer experience; however, they appeared to have enough objectives in

common to warrent their use as standards agzinst which to judge the

Data Mandgement & Decision Making units.

' After the c'i'iticaI. com"pet'itors were selected, the experimental
- treatments were specified'. The particular ‘corpbinati.ons were determined in

-~

part by the number of subjects that were available. Calculations of power
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(cf. Coben, 1969) revealed that a group size of épproximately 30 subjecis

would be needed in order for a slt’atistical comparison between two treatment
/ /

groups to have sufficient poweEAO detect moderate treatment effects. Singé

one major purposé of the field test is to compare the DM/DM materials

against their competitors, it would first appear tt:t eight groups would be'

needed with about 30 students each, or 240 students. Since it was also

important to keep time to a minimum (ail classes were volunteer classes
taking time out of their regular classwork), the size of the treatment must
be kept as small as possible. One possible compromise in thgs situation is

for each student to study mgré “than. one unit of instruction. The compromise

made for the purpose of this field test was that most students would sfudy

two booklets. For reasons of scheduling and lack of access to computers,

this was not true.for all groups.

In designing the experiment it was also necessary to controi for.

-

two sources of bias. One source of bias was the possible effects due to
different instructors. This was controlled in two ways. _First, for purposes’
of.assignment to treatment, all the NAU ‘classes and almost iall of the Ul

classes were combined into single groups. Then students within each of

.these groups were assigned randomly to a set of treatment conditions. The .

exception was one class at UI which was an extension class and had no access

to computers. Therefore, it was necessary to assign them-all to'a competitor

A

condition. The other method by which instructor-effect was controlled was by .

’

- P

. . . K L 2
instructions to,the -profe\ssors. They were asked to keep their interaction

with the students concerning t;nese materials to an absolute cminirnixrh-—

-
-

answering only procedural,qi}e'stions.-z In this way, the effect of teaching style
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- answering only procedural questions. In this way, the effect of teaching

-~

style was reduced if not minimized.

The other source of bias lay in the possible interactions of the
materials studied where students studied more than one unit. To control
this source two methods were used. First, it was decided that to control

for interactions among the DM/DM materials and among the competitor

materials, no student should study two of each. That is, within the DM/DM

\

“units and within competitor materials, interacticns were to be precluded. ) .
‘This left only competitor DM/DM interactions, waich it was not possible to- .. -
‘control completely. Since it was nct cbmpletely possible to control for tais

interaction, itS effects were tested to determine if they actually existed. S

First DM/DM units were randomly paired with competitor units. Then’ most

.

of the treatments were defined by using both possible .ééquenc_es of these pairs.

Y

Due to the problem with the extension class, however, this was not possible

for all materials. The "Computer Simulation' unit apd the competitor for ’

»

queueing theéry were assigned alone to groups'. The resulting eight treatments

for this design are given.in Table 6. ‘ %, ' : \ _'
| e |

The procedure for administering these tredtments consisted of the ~ \

. - . . 1 N ‘ - -
. following steps. These steps were spread over two cont_lgjtéous class sessions -

-
-

at NAU and three contiguous class §essions at Ul, At the Beg'mn'mg of the

v first class each instructor brieily explained what the students were going to do,
N X . L .

I,

. . - .
descr@bed the natire of the field test and assured the students that their,
L” . ' . '

..’ 7 perférmance on the tests they.were about to take would remaih anonymou
'f e, - ’ . /wb , ° :
4 . . i ' } . .
~ and have no effect on their grnde in the course. They then: distributed a.
¢ - ) ' v .
“ L d w ! . ‘ S . f
| . - X : 6d
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Table 6

Trealment Groups for the Field Test of DM/DM

i
1

v o
Group No, University1 “Treatment 12 Treatment 2 N ™ e
la Ul PERT/CPM - Ccsc 9 (10)
L 1b Ul CSC - PERT/CPM 8 (10
" 2a Ul LP PC 7 (10)
2b .oour PO LP’ 8 (10)
3a . NAU QT LPC 8 (13)
3b NAU LrC QT 8 (14)
! : Ul cS 14 (16)
5 Ul QTC 13 (17)

ki

ul - University of Ioiva, NAU - Northern Arizona Unlverslty ‘
PERT/CPM - PERT/CPM: A Plannlng and Analysis Tool

PC-— PERT/CPM Competitor
LP - Linear"Progrdmming

LPC = Linear Programmlng Competltor'

QT - Queuemg Theory
QTC - Queueing. Theory Competltm
CS - Computer Simulation .

CSC - Computer Simulation.Cornpqtitor |

. -

Lo
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\
o t

/ v
i : .
packet containing the attitude questionnaire, pretests over the unit(s)

assigned to the student (these were in the same order as he was to study

the booklets if he was assigned more than one), and the assigned units,

Students were asked to first complete the cuestionnaire and then complete

T s ‘ _ . ) : )
the pretests in the order that they were . the packet. Thg students ware
» . . B _

instructed to answer only those questions for which they knew the énswer and

-

‘to avoid guessing,

v

The students were then ,inst_rﬁcted to begin studying the first unit that

PO
. .

work the e\{ercises as they came to them, and interact with the computer at

-

the spec1fled pomts if they were studymg a DM/DM umt They were also given

explicit mstructlons to work through the units they had in the order that they

»
+

appeared in the packet, and they were informed that the tnstructors were to
help only with procedural questtons such as how to use the computer terminal.

The posttestmg sessions differed for the NAU and UI groups and also

v’f

- within' the -UI groups. ‘At NAU, at the beginn'mg of the seco(clas‘s sessiony

/

each student -réce_iypd a packe‘t of tests corresponding to the units he studied.

The studént was ‘mstrug}ed to first complete the test over the first unit he

studied and then to complete the s Again, students ere asked ’
only to compiete those items Tor which they knew the answers. After

completing the cognitive tests, students were asked to complete the full

attitude questionnaire. Finally, they were asked to complete a Qu’es-tionn"ziire 3

for eénch of the units that'they studied. The two single treatment groups at

UI (groups 4 and 5) went through a similar procedure except that there were

they found in their packet. That is, they were instructed to read"the_) materials,

-
pt
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f ;
no second forms of the cognitive instruments and Questionnaire 3. '1;Ke .

six groups at UI {la through 3b) who had two units follo'wéd esseny{'ally
the same procedure ercept that there was a two-week lapse bety&een the

//
. //

two testing sessions. As a final step in the procedure all /mstructors

: . 7
~<vere interviewed- a.fter the conclusion of the testing to ob/l;’ain their impressions

¢ « \ :' y

of the materials and how they worked.

/ Analzses T '
/ a.

In order to check if the sequence of mater/iéls'had any.effect on
. ‘ /"/ -

either cognitive learning or a:ttitudes, lt was ne‘c/:’essgry tmcompare the //~

. pretest scores, the posttest scores, and posttest attitudes-betWeen the members

e R -

_of each pair of groubé. Thus, these scores were compared between groups la
and 1b, 2a and 2b and 3a and 3b. These grouia differences were stagisticélly
tested by means of a t-test.

To' determine if c:)é'nitive gains were caused either by the DM/DM
materiﬁs/_o? the competitoré, 1,t was necessary to compare the;pretest“and
. posttest;/pe.rfox-'manc'"e on the cogni'tive "ins'trumenépairs for\éach of the unlt

In the‘é'vent that the squeﬁce éﬁect was significant, this'vtést wouid have to ' be

carried out for each- O,f the gr(;ups that received two units; hoxvever, if the“ |
sequence effect proved not to be significant, each of the .pai_rs of groups that
‘s‘tudied the‘ same materials coﬁld be combined.. The statistical procedure fo.r'
testing these gains was a correlated ~t-"test'6n the gains from pretest to

posttest for each of the groups. Attitude change was to be tested by the same

method for each group.

R

=
o




¢ . The final analysis had to do with comparing the performance of the

" DM/DM, units against their, competitors with respect to cognitive learningb
. . . %
and attitude change. This was accomplished by using an analysis of

R

covariance ‘With one factor and two leyels df t_reatment corresponding to a .
- DM/DM u‘nit' and its compedtitor, for each unit. The covariate useci was the

pretest score on the appropriate insfriiment. |

Results ’of the Field Test

~ Méans and standard deviations for each of the subgroups for each of

the instrumenfs used in the field testing f?Jr eaci: testing sessicn are g’i\;/én'

4 in Table 7, with the exception of the results from Questionnaire 3. Since
- Athese_ figures do not relat:e directly to the evaluation Queétions even though

they form the basis of the data, they will not be discussed here.
In order tq determine the structure of further analy‘ses, it was first
\' necessary to anz;lyze the sequence eﬁects for the materials. Tﬁe means,
standard deviations and t-tests betweenA the groups with the different orders of . *:
materials are given in Table 8. This table compares the scores on tests
. . N y : :
concerning a parficular unit when that unit is ,studiéd first or second. . '
'}‘hese'means and t-tests are given for the\pretest and posttest cbg‘nitiye
invstruments,rthe subset of comm'on objectives both pire— and post, and:t'he
attitude  posttest. It is~evidg§nt' from the table that there was no-difference in
~performance which depended on the order of unit studied for any of the measures
used in the field tesg for any of the groups. Thus, it would ;pi)ear to be true;

that the“dr_der\of study of the urits does not affect the subsequevnt performance

* on instruments designed to measure either cognitive learning or attitude change. "

»
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Table 7 )
~
Means ard Standard Deviations for Each Treatment Group .
in DM/DM Field Tes* . |
¢ |
Groupl \\
g la 1b 23 b 3a 3b 4 5 ;
ATTITUDE » - : -
Preteat ) -
X 2.25 2.40 2.58 1.86 2.27 2.09 2.23 2.18
sD .20 T4 .15 .47 .64 .50 L41 .59
Posttest R
X 2.11 2,05 2631 1,88 2.14 1.92 " 2,13 1.96
" 8D .34 .53 .68 .54 41 7 .51 .47 .28
Materials Posttest
X 2.65 2.38 2.98 2.54 2.24 1.89° 2.49 2.60
sp .54 .80 .61 .14 .55 .51 .48 .36
* COGNITIVE™ _
Opcratlons Researcb i
Pretest __ / /
X 5.10 s.70} 6.22 3.56 . 6.73 5.85 3.69 .50
. .SD 1.52 3.77 4.80 2.40 4.24 3.46 1.99 2,42
Posttest - .
‘ X 18.10 21.13 16.80, 17.50 7.10 13.22 14.87 18.00
SD 5.88 3.23 5.39 6.06 5.88 2.73 6.50 . 5.20
Treatment 1
Pretest
Full Cognitive (PERT/ i
- CPM) (CSC) (LP) (PC) QT) (LPC) (CS) QTC)
X 2.50 ,11.10 3.89 4.11 10.82 5.38 | 11.88 9.44
sD 1.96 €.90 4.2% € 2.09 6.66 2.93 4,99 6.95
Common Objectives -
X 2.50 3.00 3.8 - 3.8 6.36 % 5.31 2.75 5.69
‘sD 1.96 .94 4.28 1.92 - 3.83 2.84 1.3¢ 3.65
Posttest :
Full Cognitive i N .
: % 19.90 15.38 10.30 15.10 17.70 11.44 21.07 17.93
. -7 sp ! “6.46 5.81 7.72 9.67 3.28 5.94 6.83
‘ Common Objectives? .
X 18.29 5.25 | ' 9.50 14.30 10.50 10.11 6.64 11.50
sD 7.47 1.49 4,97 7.35 5,99 2.76 2.53 3.32
Treatment 2 o
Pretest
Full Cognitive (PERT .
— (CsC)  CPM) (PC) (LP) (LPC) QD
X 13.30 4.20 2.00 4. 87 6.64 . 7.00
sD 6.02 2.97 1.51 ___ 1.58 5.66 . 3.1
Common Objectives * . o
X 2.40° 1.00 2.00 4.67 .79 5.85 .
) 1.65 3.06 1.51 1.58 5.03 2.19
‘Posttest
Full Cognitive
X 15.80 16.75 9.80 16.10 8.30 23.11.
SD 7.91 2.19 7.27 7.14 5.72 1,45
Common Objectives .
x 5.00 15. 18 9.50 13.70 7.50 13.78
SD . 1.56 2.10 6.98 5.14 4.86 1.56 R
1 sce Table 5 for descriptiona of these groups. !
e . . i
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Table 8

~

Meané and Significance Tests Between Sequences of Booklets for

Three Groups with Multiple Booklets

Group 1 Group 2 Group 3
PERT/CPM and CSC LP and PC QT and LPC
PERT/CPM | _CSC 1P - BC QT LPC
Full Cognitlve
Pretest  _ 4 et
Xa 2.50 13.30 3.89 2.00 10. 82 6. 64
Xb 4.20 11.19 4.67 - 4,11 - 7.60 5.38
s L |28t .78 -.51 ~2.36 1.85 .70
d.t. || 18.00 18.00 16.00 ~~ 15.00 22.00 22.00
Posttes: . .
" Xa 19.90 15.80 10.30 9.80 17.70 8.30
Xp 16.75 15.38 16.10"; 15.10 23.11 11.44
t 1.09 ° .13 -1.99 -1.58 -1.66 -1.44
.d.f.  |{16.00 18,00 18.00 18.00 17.00 17.00-
Common Objectives ) '
Pretfs/t
Xa 2.50 2.40 3.89 2.00 6.36 6.09
By .00 3.00 4.67 3.78 5.85 5.21
t -1.31 ~1.00 -.51 § -2.10 .41 .48
7 d.f. ||18.00 18.00 16.00 - 15.00 22.00 .22.00
../ Posttest - ) . ' .
. Xa 18.20° 5.00 9.50 9.50 10:50\“ 7.50
. ’ Xy 15.13 5.25 :13.70 " 14.30 13.78 10.11
. t 1.12 -.34- -1.86 -1.50 -1.59 -1.42
d.f. ||16.00 16.00 18.00 18.00 17.00 17:00
. A : f
, Attltude B
Posttest :
%a 2.11 2.31 2.14
%, 2,05 1.88 1.92
X t .28 1.57 1.04 -
. a.f. 15.00 18.,00 17.00
¢ . .
» *
#
T .
- e
e
< 7~
(4] ' &6
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Therefore, the combination of groups la and 1b, 2a and 2b and 3a and 3b
r 3 ) >

is justified for purposes of furth®r analysis.

Y

‘With the question ofTsequence effect- no lt:mger of concern, we may '

_ ‘ R : .
proceed to the results concerning the evaluation questions. " The first has-to
do with whethgr or not. the DM/DM ‘materials caused- iearni.ng with respect
to the c;gn'ltive -objectives. ‘ Of'subsidiary interest arév the similar figufes :
for the comp.eti_tor materials. Table 9 contains these figures. This table --
presents the mean and standard deviation of the gain from pretest to- posttest

and the correlated t-test for each of the operations research techniques for

both the DM/DM materials and their competitors on both the full cognitive

instruments and the subsets of common objectives. It Is immediatély evident

. N

{

Table 9

Mean Gams on Instruments Designed to Measure Achlevement
of Cogmtwe Objectives for the DM/DM and Competitors Materials

EN

-

-

DM/DM ' Competitor
R : Xp SDp, ot d.f. - Xp . SDE- ot d.f.
PERT/CPM ' o ‘ 1§
Full Cognitive 15.17 7.08 9,09+ 17 10.29 7.94 5.34* 16
Common Objectives | 13.£0 6.83 8,39« | 17 9.88 7.67 5.31* 16
Linear Prommlng - . . -] .
gull Cognlitive 8.83 ° 7.02 5.34+* 17 4.25 4.58 3.71« | .15
ommon Objectives 7.17- 5.25 5.79+¢ 17 3.25 3.84 3.398* 1‘5
. - L3 . .\
Queuelng Theory . i
~ Full"Cognitive 11.81 7.98 5.92+ 15 7.62 4.7 |. s.73* 12
Common Objectives 6.69 4.08 6.56* 15 5.46 328 6.00* 12
Computér S'm‘xulatlon ’ ) i : : S o
-Full Cognitive 8.21 6.55 4.69+* 13 2,83 6.41 1.88 17 -
Common Objectives | 3.93 2.37 . 6,21* 13 2.39 2.00 5.06% 17

p < .05
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that all gains zlr.e_peg;sitiV'e .and that all are significant at the .05 1eve1,. with one

exeeption-. Under the computer simulation competitor condition, the\ga'm on

the full cognitive instruiment was not significant. Since a_ll the gains are
positive and almosgt all'-._o'f 'th.ems'lgnif'lbant, it is evident ‘that both the DM/DM
materials and their competitors caused statistically significant increases in
performence from p.retest to posttest for the cognitive 'mstru_ments; ;I'héz .
.mean gams for the DM/DM units ranged from 8 to 15 points from pretest

.-,

to posttest. ThlS is a gam of 24% to 45% of the points on the tests. By
<
contrast, the competitor gains represented gains of from 8% to 30% of the
points o.n.the 'test.
The -other part' of the aseh:levement.question- had to do with attitude
change as a result of using these materials.’ Unfortunately, a lack of

o

foresight in designing the testing situation lead to an tnability to determine

these results from the field test. It was originally bypothesized by’ the

evaluator that the primary attitude change would be effected primarily byy

the first udit that a treatment ‘gr‘oup studb'led, and thus attitude charges ' --

could be estimated, Lf not identified exactly. }A.lse, since the DM/DM units

evidenced a ’greater concern for edl,lcatlonal prob_tems than their competitors,

it was hypethesiéed that these units should cau/s‘e a greater change in attitude -

towa‘rd' operations reseerch tn educatiop than their competitors. Evtdelnce

.t -to .sup‘port these hjpotheses should come from the cordparison between-
treatment se‘quences on the attitude posttest score. If these hypetheses atre

true, .the groups studying the DM/DM units first should demonstrate more

positive attitudes toward operations research in educaticn than those groups

T7 : - . 68




that studiéd the competitors first. The evidence from Table 8 does not

support’ these hypotheses. Thern were no significant differences between

the groups using different sequences of the materials on the posttest attitude
score. Consequently, it is not possible to attribute any attitude to a gingle

unit within any of the six groups :’th'at .studied more than o'm‘a unit. The only
two ‘treatments for which this information is aval]ijlev are "Qomputer §imulati§h"
in the DM/DM materials ‘and the queuéing.thgor'y competitor. The meaﬁ

attitude change for the group using "Computer .Simulation” was no.t significeiht
(mean = -.12, 8.D. = .47, t = -.96, d.f. = 12).

¢

‘DeSpite the fact that it was impossible to derive 'mformation from the
field test concerning attitude c¢hange caused by most of the materials, it is
not impossible to obtain information e(;nceru'mg this evlaluation- question. -
T‘he pllot test can provide some eVLdenc;e concerning attitude changé cauéed
which occurred concurrently with the use gfwthe DM/DM materials. Table 10
summarizes this ir;fqlmnation. " Due L"\ the scoring procedu'ré for.\'\-t\lle aj:tiFude

Table 10 : : -

, Mean Attitude Change Conr‘ermn«r -Operations Research in Educatton
from Pilot Testing of Prototyv*e Version .

‘ : T
DM/DM Unit N Xp $.D.p t
PERT/CPM 12 -.60 . 86 ~2.40%*
Linear (3
Programming 10 ~-.41 N S -
Queueing .
Theoy.” | S12 -.26 .| ' .93 ' -.96
. ]
" Computer .
Slmulation 22 -.67 . .81 ~3.91"
r—,IQ Q-
75 69



Y

instrument a negative gain indicates a positive change in attitude. In the

‘

pilot only two of the four DM/DM units caused a significant change in

attitude--"PERT/CPM" and "Computer Simulation." This evidence is a

bit contradictory, however, since in the field test "Computer Simulation'
was not associated with a significant change in attitude. .It would appear
' | .
: ) o : Y
that the available evidence does not provide a‘ great deal of support for the

hypothesis that the DM/DM matevrials change attitudes; however, some .

additional information may be gained by examining‘ the mean.at.titude” scores,

T

. (See Table 7.) The mean attitude scores of all groups on the pretest ranged -

from 2.09 to 2.58 indicating that before the students studied the materials they -

generally had a positive attitude toward using operations research technfques

. in educational administration (wher=2 1 is strongly agree, 3 is neutral and 5

. is Strongly disagree). The posttest attitude scores ranged from 2.31 to 1.88

which wolild seem to.indicate a slightly more positive attitude, though not

i N . . o . i ‘9 N R N .
significantly so in any case. These mean scores indicate, however, that

students still beld posit.iv.e attitudes toward the use of operations research, in
educational administration. It may be i;npoftant to note the fact, therefore,
that stulien'.s still were nositive about operations research techniques after
ué'mg the materials.

The final statistically tested question in this field sﬁdy was concerned
with comparing the DM/DMA\ amits with Atheir competitoré, both witvh respect

: h 1

to cognitive and affective ot}'tcomes. " For the reasons stated preyiousiy, no
information was derivable from the field test about the relative changes 1i.n
attitude ab a result of using either a DM/DM unit or its comnetitor; _}}_lee'ver,}l

[%3
E
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considerable informatidn was derivable concerning cog‘nitive‘ learning. :
: | ) M

The first step in analyzing this data was\to perform analyses of covariance
comparinrg each DM/DM unit. with its competitor with respect to pe'rforr'nance_- .
on the cognitive instruments. Table 11 on the next page summarizes :hese
analyses. This table presents analyses both of the scores on the full
cognitive instrumenRt and on the subset of common ob]ectives for each of the
cperations research techniques. There were significant differences between
the competitor and DM/DM groups’ for PERT. linear programming, and
computer sunulation, however, the pattern of Signiflcant differgnces was not
cons‘istent. For "PERT/CPM" and its- compett‘or, the diffe"‘ence between
the full cognitive ééafe‘s"xvas significant while the difference fgr_common
ovjectives was not. For "Linear Progranl_mmmg" and its competitor the
opposite was true. Finally, for "Computer Simulal:ioq/:' and its competitor,‘
both differénces were significant.

The meaning of ..th_ese significant diffex-erlces can' be more clearly
understood by considering the adjusted posttest scores for each of the
experimental ccaditions. lTable 12 contains these m-e’ans along ;.yith a -
summary of the analyses of co"ariance. The fi-st thing that is evident
from this table is that in nc case does the adjusted mean posttest score
for the conipetitor exceed the cornparable mean for the DM/DM unit. ‘
Thus, all of the significant differences favor the DM/le units.

This analysis of the . adJusted posttest scores for the DM/DM units
versus their comp_etitors completes the analyses. In the next section, these

results will be examined and interpreted in the light of the eyaluation

- questions and the conditions of the field test.
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LY
v
. . Table 11
. Analyses of Covariance on Cognitive Measures for DM/DM
and .Competitors ‘
. . \ ! .
vl
5
. “ . i .
.. * | Source /| Adjusted Adjusted ar” F © b
Ss MS
PERT/CPM i , ‘ : .
Cey Full Coguitive | Treatment 285,97 | 225.97 1 4.35 p<.05
. Error 1662.61. ) 51.96 32 .
Common Treatment | 143.12 | 143.12 1 3.06 -
Objectives Error : 1495.84 46.75/ )i 32
*Linear I‘togramming ) ' //- Y
Full Cognitive Treatment 136.65 13&}/. 65 1 ’ 3.83 -
‘ Error 1105.41 36.66 ~ | -31
Common. Treatvaent 98. 42 98,42, |° 1 4.5 p < .05
Objectives Errox 642,87 20.74 31~ ¥
!
Queueling TLeory ' . ' : T
Full Cogaitive Treatment 96.66 96.66 1 b 2,25 -
Error 1114.6 42,87 26 :
= Commen Treatment 8.98 8.98 1 0.64 -
] _.Objectives Error 365.48 14.06 26 i
’ ’ Computer Simulation > .
Full Cognitive Treatment 231.17 231.17 1 6.38 p<.05 .
Error 1051.41 | - 36.26 . 29 . ) .
i - ) :
©  Common Treatment. 13.54 18.54 1 465 .| ©- p<.05
Objectives Error - 115.61 3.99 29 ' ' '
- k]
. . 3
. . ye 8% ’ .
, \/\ - o 72
Q - : ' . :
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) Table 12 R
Adjusted Posttest Scores on Cognitive Instruments
for DM/DM Units and Competitors :

. . DM/DM |Competitor .
o 0 Adjusted Adjasted 'F d.f. '
. PERT/CPM - - ' ,
Full Cognitive | 18.59 13.41 4,35+ | 1, 32, ,
i 'Common Objectives 16.86 | 12.80¢ 3.06 1, 32
Linear Programming ' | . . .
Fuil Cognitive 13.55° | 9.45 | 3.83 1, 3
N ' Common Objestives .11.84 8.37 ~ 4,75% 1, 31 0
> i .
o - Queueing Thoory . ' N ' Y -
. e Full Cognitive 20.55 16.86 2.25 .| 1, 26 .- g
, Common Objectives 12.16 - 11.03% 0.64( 1, 26 > . . i
’ A . ? T /// 1 / B
. Computer Spnuiat.‘-on : T ’ { c
; < Full Cognitife 21.05 15.63 6.38* 71, 29 !
Common, Objeciives 6.64 5.11 4.85* [.1, 29 ‘ :
L ——— . , ' )
. " ) - - . . . L = : ‘
p <.05 . - R \ .
P ) ) - I o Vo i
' : 3} . : , / \ o
' ’ Conelusions :

_Ther}najo_r conclusions of the field test will be discussed and

)
t

o -

intei"preted’ in this ‘section by evaluation questions, with tl_le\ exception of the

-

f 'qu‘éstioxis ¢f side effects of the materials. These side effects w:ill,be discussed :
Lt ' . l f ‘ ‘ . v o - )
- in a separate section of the Techaical Report. - ) i

"1.- Do the DM/DM ‘materials cause significant increase from pretest

to posttest on tests designed to measure the attainment of instructiomal - * . 2 9+

4 A . - @ ‘ ) ® c T \
. objeétives? . o L R
: ) ) . . . . . " .
Yes, ior all DM/DM units the gain from pretest td posttest-was-------o e

R S L e '
statistically “significant. Moreover, these increases in performance_ ranged. - ../

.-
L . . © /
-

from 245 to 45% of the points on the test. It appears, therefore, that studying.

g point p ! -

- - . - , o ot \ SR
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to

iy ’

the D.\I,'/DM units results in increased attainment of the specific instructional

[

objectives for those units. Thus, we can conclude that learning is associated

with studying the DM/DM umits on opera/t'ons research in educational

~ -

"administr.ation, . -

Do the DM/DM materials cause significant positive changes from pretest

to posttest on a questionnaire designed to measure attitude toward operations

v

research in education?

The ré_sults are equivocal w..h respect to this evaluation gquestion. The

available evidence indicates that the mat=rials chaﬁged attitudes toward using

operations research in only one case. This was for “ERT/CPM" but it was

[

derived from information obtained in the pilot test. 'All other available

information was either negative or contradictory. Thus, we must conclude
. R : . - .

that, in general, using the DM/DM materials did not cause a significant

change in attitude towarti“ﬁslng operations research, in educational administration.
) i : ] H . .

‘There is, however, some additi~nal information that may account for this

result-~this is, that students responded quite positively on the pretest

- att:itude questionnuire, so that the students apparently entered the treatment

conditions ~ith a favorible attitude rather ithan a negative or neutral

? attitude. Due to the fact that this was represented by a rating of 2 on a

[

scale in which 1 represented the most positive attitude, there was not & great
deal ,of latitﬁde to detect improvement in the aftitude rating. Therefore, it

seems quite logical that there should be no significant improvemeant th attitude -

-

as mensured by the questionnaire over the period of the treatment. The best

1

-84
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that we can canclude is that the m-terials did nothing to discourage those who

used the materials from their oririnal positive attitude toward using operations
research in educational administration. ~

Are the statistiéal}g adjusted posttest scores on a test designed to measure

objectives aitainment for the DM/DM materials significantly better than those

of its competitors?

The resuits vary with the unit under consideration. The answer is yesv
for "Computer Simulation.” The answer is no for "Queueing Theory"' and the
answer is equivocal for "PERT/CPM" and '"Linear i’rograx%xm'mg." For
"Computer Simulation,” those using the DM/DM unit perfo;'med better than
thdse using the competitor hoth on the fuil cognitive 'mstrﬁment and on the

subset of common objectives. This indicates that using "Computer S_i_tmilation”

" caused more learning thsu the competitor regardless of whether or not the

3

s

items concerning the computer were taken into conéidcration. In the case of
“Linear Programming,' the DM/DM unit caused better performance t'nani the
competitor on thg set of common objectives b'ut not on phe full cognitive

instrument. | This result appears ratixer unusual in light ‘of the experimental

conditions for this particular set of units. These conditions werc that the Ul

3

\
group which studied "Linear Programming” had two weeks to work on‘\_@wo

units, while 'the‘ NAU group ‘which studied the competitor had only one week

~

to study the same number of units. Thus, conditions independent of the .

‘unit studied should logically have had some impact favori. the DM./DM

unit. Yet, this pvéved true for only tkhe common objectives. This, in turn,
also contradicts logic since inclusion of items relating to the computer on
the full cognitive instrument. wou.. argue that if there is any difference

ol S Tk
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betwecn,. the DM/DM unit ana .its competitor, it should favoxj the DM/DM
unit on the full cognitive instrument. Thus, for "Linear Programming” it
musf be concluded that the results do not"conform combletel;} to M,
however, they do favo# the DM/DM unit.
/ .

In the case of "PERT/CPM” the results are much more logical.
Here the D‘M,«"DM unit only caused better performance than the chpetitc;r
on the full cognitive instrument. This conforms: with the 1(}g;1c stated in the
previdus paragraph. From these results, it must be concluded M';PEﬁT/CPM‘
causes better performance than the competitor only wl;en ohjectives co:glcern‘mg |
the computer are considered. When the l’nore stringent criterior o‘ficommon
objectives is applied, the 5L'I/DNI unit an its competlto;’ do equally well in
causing learning.

Finally in the case of "Queueing Theory,' the DM/DM unit did not
appear to perform any better than the competitor under any circumstances.
In this case, there may be mitigating\ circumstances which might have
affected the outcome. '"Queueing Theory' was studied by NAU students who
had only one weék to stud‘y two units, while its competitor was studied by
Ul students \vho)had one week to study orily that unif. Thus, it may be true
_that the performance of the studieints.usimg the DM /DM unit mﬁy have been
_ undily negatively inﬂue;qced by ‘c'onditions of the particular treatmént other
- than the materials used. That is, the time available for study may have
had an impox_"tzxz‘r—it effect. Studenis who had less time to stﬁdy the unit

performed more poorly on the test. This, in turn, might account for the

fact that there were no significant differences between the two materials



[t should be noted, however, that under detrimental conditions,

conditions.
«

the DM/ DAl unit performed no worse
studied "Queueing Theory" performed

than its competitor. Therefore, the
iy

conclusion must be that students who
at least no worse than those studying its competitor, even under detrimental

-

conditions.

It is important to note that both the DM, DM units and their competitors
caused learning which was statistically signifiéant and so these conclusions
the manner of deciding which materials worked and

cannot be interpreted in
they imply that in severa: _ases the DM DM unitc

which did not. Rather,
causcd greater grins in knowledge than did their competitors.
) §
Summary

The following statement generally summarize the conclusions of this
field test. The DM /DA mnterials as individual units diél cause learning
with respect ‘o using operations research.in educationull administration;
however, they genzrally did not cause a change in attitude toward using
opem:idns re:search in educational adminisiration beéause this attitude on the
nart of the participants was ulready/‘,qifl/ite favorable. In some cuwscs, the
DM. DA units caused grcutgr le_urﬁing with respect to the instructional
In thoée

objectives of the DM/DM materials than did their competitors.

cases where this was not true, the DM/DM muterials caused performance

Thus, the DM/DM materials do

at leust d4s good as their competitors.

cause leurning-and thev sometimes do better, and always no worse, than

their likely competitors in the educational marketplice.

ok

\
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Side Tffects of DM,/DM Materials

All educational prod‘ucts cause outcomes that are neither expected nor
pl_:umed for by the developers of that product.’ That is, all such products .,
have side effects. ‘An importafxt nart of the evaluation of an educational
product is the identification of thc;;:e side effects, for-in order to make an

N

effective decision, the decision maker must be a.- ind able to evaluate

¢

all the outcomes of his or her decision alternatives., The purpose of this

section of the summative evaluatio~ is to identify the side effects associated

with Data Management & Decision Making. it is, however, not sufficient to

merely identify the associated side effects.. In crder to determine the worth
of the side effects, it is necessary to determine if these side effects are
<

‘unique to the materials and if these side effects make the materials more

S .

[P R ¢

‘worthwhilc than their competitors. Consequentiy, this section will also be

—_

concerned with how ‘he side effects of the DM/DM materials compare with

those of its competiters. Tn this section, then, the side effects associated
v ) .
with the DM DM mau-rials and their comvetitors will be enumerated and

these will be compared in order io establish thegrelative value of the two

sets of products in terms of the side effecis they produce. v

Y,

The process ot identifying side effects of an educational product is |
ofter: facilitzted by the citempt to anticipate possibilities that may occur.
In the case of the DI/ DMy materials, 3 number of side effects were
< ) .
considered possible. These were uantieipated to be concerned primarily
with ttitudes il two areas--computers and operutions r. =arch in educa:®nal

administration. The following list presenis- thes: .- iw.pated side effects.
S & :
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o

(<)

~1

10.
11.

With this list serving as a starting point, the attempt was made dur‘mg‘;‘

Increased awareness of the utility of computefs .
Increased confidence in dealing- with computers and computer
personnel'

Increased desire to use the computer as a problem solving tool
More negative attitude toward computers due to trouble with

using the terminal

More -negative attitude toward spec.lic techniques due to complicated
mathematics |

Negative attitude towarci operations research in educational
administration due to the conc\entrated study required

Improved 'problem solving by school :aHminiétratofs

More group problem ‘solving ué'u:g ope':atiions research éechniques

Higher incidence of use of operations research techniques in

.

problem solving i educational administration

More widespread use of operations research as a course topic in

educari- nai aduiinistration classes at the university level

L4

Lack of mrotivation Cue to no perceived imrn -diate v.se of the

techniques

N

the field test to determine if these sicc effects in fact existed and if this list

was complete.
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Procedures

The collection of the data concerning side effects of both the
DM ‘DM materials and their compe‘titors» took place during the field test of
the materials. Due to time restrictions involved Ln the development a‘;d
evaluation contract, only time during and immediately after the test was
v<ed for this data collection. Hence, it was not possible to : .llect data
on all the anticipated side effects of the materials and there may be sidP\
effects of the materials that were not observed. Only short—térm side \\_~_
effects could be observed and no data \'\'asuavailable concerning long-term

o\
effects.

In order to detect short-term side effects, observationswer;: made
during ’the field test, using two séﬁzﬁ-ate methods. These were self-report
by the students and post-session interviews of the instructors who lead the
groups. Studén.t self-reports were collected by means of Questicnnaire 3
(see page 53 for a description)~-specifically from res;ponses to questions
designed tosdetermine if subjects would recommend the materialg .they

- %
studied to others, what they felt were the best :u_}d worst things about the
materialls, and their overall reaction te th; units they studied. Since the
evaluator was not able to be on site, approximately one month after the
conclusion cf the treatments; the instructors who Iead the groups were
interviewed concerning their observations of tﬁe ficld test and were specifically

questionofl on side effects they ncticed. In the following saction the results

of these procedures will be summarized.
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Observed Side Effects
This section vill be divided into two parts. The first part will
repori the results g:athel;-ed from Queétionnaire 3 and the second part will
deal with the' instructors' observations.

Student Self-Report. These results are a summary of the responses

made by the students to Questionnaire 3. For purposes of reporiing, these

results will be reported by operations research technique.

The respenses for PERT indicated that 60% of those students studying

“"PERT/CPM" would recommend the unit to others while the same percentage

of those studying the competitor would recommend that booklet. There were
: LY

no negative responses for "PERT/CPM" and two or 105 for the competitor.

oo

The rest ot the students gave no response. _T{e data gathered from the other

itemis un Questionnaire 3 revealed very few side effects, from a small number

" -of total, responses. Those responses dealing with "PERT/CPM" indicated that

the main side effect concerned the computer. Various stn ts reported the
computer as being motivating, an exciting learning experience and the best
thing about the materials. VariouS students using the competitor materials

reported that they “got some great ideas on wethods of solving problems in-a
» )-_
back home sitvation,” and that this technigque would not be much good at tle\,/

school principal level.
The ztudents that studied ''Linear Programming' indicated that 55% of

them would recommend the urit to. others while‘ls% would not. For the

com:petitor, "41% would recommend it while’ 77 vould not. Remaining percentages
! 0 pe

are accounted for hy those whu did not respond. Various studenis using the
. v e

DM, DM materials reported that they created an wareness of new administrative -

© -
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technigues, that they will continue to work on learning the technique but ;ghat

the technique will probable be of little use at their level. For the

comypetitor the srudAent reports revealed such side effects (in the responses

of 'lndiv_idual students) as providing pot.ential for all types of management
problems, creating the opinion that opérations research techniques should be
included in doctoral programs, and .tﬁe opinion that the materials give confidence
and knowledée for future use--'lessens the unknown."

The responses on Questiémaire 3 for the groups using the queueing
theory materials revealed that 60% of those using ,'Queueing Theory" would
_recommend the materials to others while 53% of those using the competitior
were of the same opinion. The’rgst of the students did not respond. Thg

predominant reported side effects for "Queueing Theory" had to do with the

AN

computer. Various students indicated that the 'materials made them aware
. of the manifeld uses of the computer, increased their confidence with respect
to Qomput‘ers, and were a good introduction to the compuier and the services
it Can provide. Several4students repdrted that the materials gave them a
new outlook on a’dministrative problems. A negative side effect appeared to
be the perceived lack of relevancy ef queueing theory. The only side-effect
reported for the competitor was the opinion of one person thatlth.e technique
gshould be emphasized more in educqti mal adm‘inistration courses. «

For computer simulation, the rate of recommendation was also falrls;

bigh. Sevepty~-five percent of the students who uscv"Computer Simulation™

would recommend the materials to others, while 45% of those using- the ,

e
Ve

. . s
ompetitor would. The rates of neomative recommendation were 6 and 157,
P
v s . ,
91

~ v
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respectively.,  With respect to the side effects of the DM./DM materials,
several students reported that the best thing about the materials was the
comput®r, and that they felt mwre confident in dealirg with it. -One
student reported that he planned to use the enroilment nrojeciion simulation
in his own school district, and two st_udents‘ indicated that they were anxious
to read .the othcr4materials. In the . ompetitor condition, two stucents
reported that the materials dgave the.1 a new perspective and that it appeared
to be a highly usable technique; however, .cverul others expressed f;'ustration
with the materials. 4

This completes the descfiption of the recults of Questionnaire 3 with
respect to side effects. As should be evident, there were only a very few

responses which indicated prevalent side effects, and not many students

fesp'onded to the questions. There may be several reasons for this, including

the fact that the students completed the guestionnuire immediately after taking

a posttest over the materials they studied and that they often had to fill out

two identical forms over t two units that they had studied. The paucity of
2N L3 p

‘responses generally would seem to indicate two'things.  ‘rst, that th

students were frustrated with all the tést'mg, and vented this frustration by
refusing to respond to Questionnaire 3. _And second, filling out th question-
nair;a almost 'meediateTy\after finishing the materials did 'not givé the
students the opportunity to ae\'elop '1 pers;pectix'e on the m;tteriats-and the
time to form def‘mite‘opinions. Thus, there appe-nr to he irery few reported

side effects of the materizls. The best that can be said is that for the

" DM/DM materials there w. 5 a consistent side cifect having to do with the

Y
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Aruitoxt provided by Eic:

\
)

compuier as a problema sejving tool and as a fascinating mac’iine.

Iastructor Observation. The persons interviewed for the purposes

of identifying side effects were those principally responsible for implementation
of the field test at each test site. The side effects 'that they obhserved
focused on two primary positive concerns having to do with the computer

tnd continued interest in the materials.
. »
The side effects having to do with computers appeared to be most

predominant at UI, The principal instructor reported observing the following

side effects.

Y

1. Students gained an 'mer&{sion of the power and utility of the

<

i -

computer. /-~

2. Siudents learned ‘o use and deal with the - omputer as a tool.
3. Most of the students wanted the materials that dealt with

the computer.
i. Students experienced =or stration with using the computer.

These side effects were detected by discussions with the students anc

/
i

observaticn of *heir work at the terminals. f o
[his instructor also observed several side effects having to do with
the DM/DM materials themselves. A nmber of students (the exact nmﬁbe_r

A

was not specified) asked the principal instructor for other materials that

they could study on a voluntary ba~'s, In every case, these materials were
; -
the DM,/DM materials. Evidence of this continued intercst was aiso found

5

in that students are still using the computer programs which accompanied

O

E . ) , ' TR

£



the materials approximately one and )‘r'le-half months after the completion
of the field test. Another side effect was observed in another course that
this person was teaching. A requirement ior this course was -that eac}{
student do a project i: =ducational administration using the computer.
Twelve to eighteen members (;f this class reported that they were using
s
one of the operations research techniques that they had studied cv::ug the
field test--primarily PERT, linear "rogramming and computer simulation.
A -
The majority of these students were using P-RT and its associated
computer progi'am. _A specifi side effect of "Computer Simulation™ was
also reported in that two students indicated to the instructor that they had
/,// used one of the simulation prog';a.ms to solve pr@rams "1 their own districts.
As should be evident. the instriuctor had sagme difficulty in attributing the
various side effects to the snecific uni'ts, bu‘t the overall outcome at this
test site would seem % iudicate t‘hatl there were nL.dny more o‘bser‘\‘able side
éffects for the D)i/DM materials than th?‘g were for their competitors.
At the NAU tlcst site, a smaller nuniber 6f side effects were reported
and there appeared io he mbre negative ones. It is imi)o:‘tant to note that

at this test ﬁite only “'Queueing Theory' and the linear programming
o 4 ’

competitor wcre used. At this site there were also reported several side
effects having to do with comnputers. The instrucior observed that:

1. The students learned to use the computer as a problem solving
1 - . ) ‘.
tool.

-~

N

\ 2. The students appeared to be more confident about using the .

« mputer af*-r going .hrou% the materials.

a

O —

n

9‘{_ ’ i
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Students expressed a desire for additional use of the

vompnter bevond that required.

s

t. Srudents expressed a desire te use the computer in other

classes.

¢

El

5. Students were sometimes f{rus-rated in using the computer
' .

terminals.
¢ ace the DM/DM unit "Queueing Theory” was the unit that used the computer, Q

it is

f}ogL.i to attribute these side effects to th~t unit. 7

With rpspect to the un:% themselves, several side ?ffects were also
observed. A small number of students (three) requested to %o through the

othzr DM /DM ma_terials\}n a voluntary basis, Several studénfs also suggested

that tbe DM/DM materials be made the basis of a course in educational

PR
o

adgr " ustration. On the other hand, some students. exp ess‘éd the opinion that

' they we-re. “more at home" with ’the linear programming c;ompmitor, since‘ th oy
'l;ad qonfidence that wher. they .made a mistake it was their faul;, in contrast
‘[o the poss.ibility of con_iputer difficulty with the DM/DM materi: .. A
negaiive side effect that was observed for both units was that many pn’actm-“(r
administrators did not complete the materials. They réported that they had
mor'e pr‘és‘s'ing oblfgations, but the instructor intemrjfzted this as a perceived

lack of t:élevance of the materials; this, however, was not attributable to one

P

. ' <
-y *he other of the units studied. Y
_Conclusions ‘ i
. & oA
. Before ¢+ ~  cpnclysions from this study it is important to take
noly of several  .aditiohs that limit the ‘i .ability of these results. The
N
|
4 s 36 f

o, ¢ .’:"f‘




A

4 \\
Y

first hys to do with the computer side eifects at UI. The progr:im within
which thiz field test took place at UI has had for some time a definite

positive crientation toward the use of computers in ecucation. In fact,-the

. _principal instructor =t this test site is considered to be an experi,in the
\ - - ‘/. -; . ',{\ (‘ .
, area of computer appiications in educaticnal administration. Therefore,

there is the possibil'ty of 4 positive bias towzrd computers in the-
instructionail environment and it ¥s possible\t:}rq{ the studénts have absorbed

-ome of this bias. In addition, there might be some bizié on the » -t of

.ie observer, since he iy strongly committed to the use -of computers and

operations research in education. The evaluator =vas aware of this possible
source of bias and he atiempted to structure the interview so that evidence

opposed o this bias might he brought out; however," the conclusions
. - . R
conccraing the side %ffects as reported at this test site must be tempered

N . -

by this Lmowledge,,/

Taking this knowledge into account, it is still possible to conclude

that the primary side effects of the DM/DM materials Fave to do with the
computer, -irce there is confirming evidence from another iost site. Tt
would appear that ‘he following are beneficial side efferts of using the

“

DM, DM materials.

1. Studenis iecarn to use and deal with the computer as a SN

problem sclving toel.

o

Students gnin confidence in using the computer 2s a result

.

e of using the mawerials.

]

Studeats desire additicral usage or experience with the computer.
) 96, . S
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- 4., Students find the use of the computer to be a motivating
] . ) .
DT experience. o ) ) Lo VR . g
. ¢ . . . - .
. On' the other hand, there is also a negative side "effect @ssociated with the
. . (g .
DM/DM materials in that students become somewhat frustrated in lising ‘the
. ¢ e ‘
A .c_,omputerierminz.-.f_ 2

r

- There appear also to be two meortant posltwe sider eﬁ‘ects “of the

‘o

e DM/DM materlals -themselves. First, they are mterestmg and relev;mt

| > . St
{ . ‘ L= )
enough that maJorltxes of persons us'mg the unitswo\uld recémmend them to - -

.

" otheérs.’ Second they appear to be sufflclently mterestmg\so that many students

wiH desnre to 1earn more about other operatlons researeh techmques A major <

- -~

- .t .
negative 31de effect is that s*udents often experlE‘nce a sense of. frustratlon wlth

‘ . -

‘the materials which was apparently due to a number of sources, but Whichswas - s
in evidence for all units£> N

} | Some s'lde effects were also reported for the cofnpetTtors 'however, Eh ®
N B most cases, these were essentlaﬂy dupllcate; of the- s1de effects ot’ the BM/DM :
materlals exclndmg computer’é. Students reported that the competitors for )
N 3
* "PERT/CPM" and "Lmear Pfogrammmg" prowded BE,V insights’ coniermng

T

v

the proble‘ms of, the educatlonal admmtstrator The one 'dlfferent side effect

I] “. v

.;. was noted at NAU for. the linear programmmg competltor' In that students

.r"‘v-\ n \ - - - :
e felt qulte "comfortable" WLth\the materlals G e
v < . . o } - \ RN
. ._., In Comparmg the two ‘i\ets of materlals with respect to side ef}ects,

¥ Y

-

'\one_resmt ls'f partlcularl‘y eyldent. ,,._The DM/DM materi\als are assOciated_ . -

S A T
‘ *with a number’ of side' effect-s concerning compuyters that the cofnpetitors}*
A ‘'simply do not have. In addltlon, the PM;/DM materl’als generallyj eVLdence o
. - : B T C - _ \ —
‘.J ‘,‘ ' ’ | )‘ . A ' - ot ". ) "ll ‘u ‘ | ' ’ :8‘8 (
\)‘ L} . . “ . - . f.' ' ™ . . . . . 9 7 - .. ’ S ‘ ) : . , )
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N e

o~

to a o ‘greater extent the side ;effect‘of"motivatiOn to go beyond the

' given .material to search ou! new ideas m operations researeh. Tt is also

- . .

" true, however, that DM/DM ma e.ricls demohstrated more :egative side
® o * -.' . ) ) .
' .effects ‘than their cqmpetitors,, though "these did not appear to be major
- ) .

e %

\factors in using the materials., Thus, it lS reasonable to conclude .that the

4.

7
_f‘- DM/DM ma,.terials have more sgle effects than t\heir competitors and that these.
. side effec__ts are generally positive. \ , »® }
. bC‘osqts and Benefits of Data Management & Decnsnon Making
o d . ‘ h"‘ Th s anaIYSlS of the costs and benefits : of the Data Management &
.. ‘ ; DectSion Making materials is deSigned to provtde mformation as. to the costs ;. -
“ . ‘.to potential users of the DM/D’M materials and how these costs compare wnth
' N f

&

the beneﬁts derivable from usfr{é’_ the materials. The analySis w111 also speak

«

'to the~vancern.of how the costs and benefits of the DM/DM materials oompare

. with-thode of their (;ompetitors. The focus ‘of the analysis Qul thus be on .

- ’ k-2 - . - -
th)?ee major questiomns, ¥ , . -
. ° ’ * . ’ L4 . ¢
__/ . - X = iy ' ; . . o ®
1. What are the costs of using the Data Management -& Demsmn)

[

- " .. Makihg materials? o~ ) . LT
_ ) ¥ © 2. What are the benefits of, usmg the Data Management(*& Decision
~ / ing materials‘> e oot : “% "

\ . " . N »

3. How do the cogts and benefits of the DM/DM mate‘rialsl compare e

) % ' T :
to the costs “and benefits of usmg iheir competitors? o .
) . . . . R - N - . ‘

. @ ». . ) . @ v

‘e ‘ . ﬁi.) i . ,‘ " .
;*. . b2 . e la % ° . N
- . . h < -
v ’ N . . L
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In order to accomplisk this analysis of _costs and benefits, several . <\
« ) 4 “ . . ) ‘. " - N »~

' Vo ) k M ) . . '
" tasks mus*-. be accomplished, It Is necessary to‘def‘me what . is meant by costs

. . N .
= <

~» and” what is. meant by beneﬂts and what units of measure are approprlate for

- 5 - . . ) - . A
2 gh.

these outcomes. SOurces of costs must ‘be 1dentlfied and the estlmated costs
. _ v .

Py

in the given units determined. Benefits must be determi-ned.' And f‘mally,

.~ - -
3’ . . ..

L]
.

. B . . -

the developed product 4nd their competitors must be compared ajd conclusions

. *drawn with-respect to their relative co'st—effect'lveness‘. “In the following

. _— -
‘sections each of these tasks will be addressed. . .
. . 7> .= . .
Costs - o

c e . } ’
In thls sectlon, the ‘costs of using the DM/DM materials will bga

) ,.. -
- etammed as will the costs of usmg their competltors Flrst", however, the

]
* . A

concept with Wth'h the sectloq deals must be deflned Fisher (1971). def:lhes

..

- costs as beneflts lost. That is, the costs of partlcularx decisiofls’are, in
the broadest sense, tne benefits which might of fhave bgen gained by chooslrlllg‘L
i . ‘ 4 . R ° ‘s - ERE _. ) ) ' . ) .
other alternatives, but are lost by choosing this particz}lar alternative. The
. - ..A - ) . ! N *

question immediately arises; however,. of how these coésts can be measurejh .
- - ) . ~ -  CH
* ! ‘ . ' ' . ' [ i & . .
One such measure of thgse costs is to determine the resources that must be -
. ) ; X . N ) - . S

‘allocated in order to implement a decision.alternati:/e. An infportant measure"

o SV ) . ] . o _ N . o
£ . of thes¢ reSources is theé.monetary value of thesk resoygces--the. dollar.. . [
" N a ~ . } » N h t e R - Q - ! .
. . ;
' -

In this analysis, the unit of- nieas»urz will be.the dollar. Yet, ‘this.is
, ‘not .a .perfect measure. It nrov'gdes a I}oor' measure of m-any of the fntan'glbl_e
L . . Lo ’ v [

1 - . v o~ . - »

: costs df a decisién alternatave, .for ?ow are such u'ﬁportant aspects of dec ision

- ’ - ) . - » s ~ N
alternatwes as staff morale quantified m dollar terms " In spite of. its S
. . ) la . > s, 4 X /' .
© . . inability" to. represent a11 costs df a partlcular dec1s10n alternatlve, do,llar g .

= - _: - - . L. : .- . . -

‘ costs are _of.gre'at concern to many decision. mak”e‘rs An d,mg,.those f.n,
. ‘ ’ A . - ‘ : . . - . : 90 . i
O - . ~' o ' o . /7 . 9 9 . ) I XY . .-
EMC, ,e~_’ . . ° . N N . a ) . . o
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: . .

“education. And thus, it will provide m.formation of considerable .1 use to

R . -

e

the decision maker,__ 3 !
) |,

n | ctermmmg the costs of using instructional materials such as the A

14
»

DM/DM matex{als, the first step is to identify the’ sources of costs which are

" inv lved For the purposes of this analysls \these costs are subdwnded"into.

. Athe areas of lmnlediate costs, secondary costs and- opportumty costs.

- e k4 -

Immediate costs are’ those costslfor which the d_ecision make_'r must.

i - e .

P budget “}he_n. choosin_gA to use the materials. These are’the re'sources that .*
. must be immedi'atel; allocated in ordér; to use» the ins_truction'al materials. e o

Such cosfs mclude th‘e'ic'o‘st_ of theinstructional materials‘ ?hcmselves. rt' the ‘
'materials arelrto'he 'us‘_e in a coursé or }Agorkshop settingg .an instruet.or and = 4
K <. t R . o N ’ .
iust ?_l)e _'considered.‘ Cost of setting up and ar‘rang’ij,ig L

all his associafed_costs
Lot s .

. | N PRCE ' : . . .
for’ the. wotkshop must be imcluded. Personnel may have to be con_;,pensatetL *
’ ; . ’ . ,-\- _« ‘. . . '\
for their time spent in studying the materials. : If a computer is required
. ’ |
theie w111 be the £6sts of computer time and equipment costs. Resot{rces :

e

‘must hlocated <o proVLde facdities Jor -a workshop and Lf university .
A - €

. credit is to be given the costs of arranging for it must be-included. ’ N_'

- . . ’ o - - .
X - .

_ . B , _ - . _ e
* .Potential secondary costs are vthose costs which may« resu‘lt indirectiy
- - " -

~from -using the lnstructional materials. - ‘In this c&se, the identifiqatlon of cost

-

sqQurces lS based on_the assumttion that a decismn has been made to use one ¢
. i \ ’ - e
- of the techmqwes described in the rﬁate{\als to solve a pro_blem inpeducaj.ional R
¢ ‘ - . / o S N \-
' ~ administration,- as a result of studying the- mat-erlals In this case, the sources

. - - 3
. ] s

of secondary egsts w\ill be a result of,’tttemptm'g to unplement the techmque

-

PQ,SSLble sou,rces mclpde consultants .who might be necessary to lmplemen{ . _‘.‘
EEN . R ~ v ooy e : . - ) -
- [ _— . . T : - .

- Y . N .o
- ‘e . . K

‘

-

L . . ¢
\- . . * - h . . o . .
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H ~ ' .

~ the finer poi‘nts of the technique. = Since all these techiiques: are based o
L

. On analysns of data, an lmportant source of cost will bé the gathermg -

of the*necessary data ;Als_o, since most of thése op_erat_lons research

4 a .. e

*

- techniqnes require a computer, 'there may be costs for_ computer services.

A

"~ Finally, since personnel will be required'to‘perform,the tasks of solving

. 7 .the problem;" it is’ necessary to,consider the c'osts' of usifig those personnel.

The final category of cost sources——opportumt'y costs~-reppesent all

Y

S "beneftts lost"” Wthh have not been mcluded in" the prevuous categorles.
) S . (
L \ P

That is,* these r‘qsts represent beneflts lost by not nialung declslons other-

s [ - -

.o than those to -use the matertalu. This is essentia]ly a category'with an .
r % . A

*

' mﬁmte number of cost sourcesismce there are always an infinite number o‘f

“ . . . ‘

. . L d
poss1b1e declslon alterpatives. With’respect to these 'maten‘als; -however,

- _,/"\/ x,&’ ’ ‘- ’
there are, two maJor sources. . The f‘lrst is the o.pportum,ty costs of tramlng
in _pther admmlstratlve problem-—solvmg techmques« other tham the four -

L./ . - . . * . u"-
" -p presented in these materials. The e;,econd-' of the,.se are the benefi.ts lost of -

. ‘

.. . . * ‘_‘ - . i' -.> ; . -7
the personri'el in tra;,ning who are not performing theh; no'rm 1 work

. - l,s

. asswnments. These are but two of’ fhe possnble soches of opportumty costs, .
- ( ] N ~ k - ° . L

but they may be of the most u{t}ne‘dlate lmportance in makm\g\declslons / -

- L.

.
a

cocicer‘xllng the use of the Dl\/I(DM mate1>éls _
_;__, e .

noe

L - . After ldentlfylng th.e potentlalv sourges of costs Ln»usmg th iéls, :

. .

..' ’ , th}z next step is to esttmate l;;i’e magmtude of those costs. In the followmg ,
.J . . ‘\ . 4 A\ . Pl . N W i ] ‘\ .
. para.g‘raphs-, the’ costs emmatmg from the sgurces prevnously ldentlﬁed \vll'l T
.; ' =~ * .. ) ‘s . ; .1__ §
. . ., H L * . . . »
" be estmlélrted. S NP . - . ) -
‘ R | . ’ IR ) Uy °
. . f L -
- . 7. < * L - *
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Materials. .The cost of the materials was assumed to be their

'.‘ ' porchase price. “For the DM/DM materlals, it was assumed that they were

pubhshed as a smgle, 450 page, hardbound text by a commermal pubhshing
-

company. . The resu{ltmg cost as estl.mated by the NWREL Off_ibe hofp_‘

[ J

Dissemination was $12. Since the competitors were separate units of e
. ’ . - 5, .- IS - '- ’ :
materials, their costs were estimated separately from their purchaSe- L. 8

_pmoes For the PERT competltor the cost was $7 for the linear programmmg

,’c’:ompet“;tor, it. was $25. The queueing theory ;competttor was avallable only .
. K . . X

as ‘part of a text which- costs $8.50-and the. Compute_r, simulation competitor -

- . . .o Y . = - - »

; . . '
“in.text form. costs $4.95. Thus the cost of a set ‘of competitors ifor_ the

¢

:
-~ hd —_—

X 3

'. (. DM/DM materials totaled .345.45. . - B

IiStructor.«y For, purposes of determining costs, it was assumed that
- L - oy ¢ < ) . o ] . B ‘ . = ; . :
s L - { A ”
~ the instructor for any workshop or course would be a 1L_universijty or coﬂege

faculty member in educational a’dm'inist’ration. For- a workshop it wds

assumed that this . person would charge a fee of $200 per day or lnstruétlonal 2

. ar
... session. Im -addition, travel expense would.have to be paid.‘ "For this it was
@ .

'-\

: assu.med that(an mstructor would be avallable w1thin 200 mdes of the workshop

,
- . © o .

S : s;te. Thus, travel ,relmbursement was esttmated at 15¢ per mlie for a 400-

] . . 3 3 - ‘
- - - . <

-y, '_"xhile'_ round-—trip, or $60 per trip. * If the materlals were used in unlverslty
. ‘e . 3 . ! Ll .
e class, there \vould be_no- addltlonal expenses for the mstructor that would not -+

s

bE\)aTt of ‘his - -salaty* fron§ the lnstttutlon It shou.ld be noted that these

exoenses would not depend on whel;her the DM/DM materlals or thelr I;:ompietltors .

. . 2 el : e
weie used. i 7 o B - R
. ) s . - bRy . . we” 4 B
e - . . /., .
. . “ ‘\ . s, s -
4 ”, 2.:,’ i ¢ 3 <
e . - . - (34 ’ > 93 -
. . Ve ) Vg o /e T
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Class-Setup. Costs-for class setup in using the DM/DM materials
would depend~'on whether it was a workshop or a (follege olass.' ' For a
- =

e colletre class, there would be no addltlonal expense in using the DM/DM

. L l f . “ '
materlals since the unwerslty provides thlS servwe regardless of the

& -
~ “

mstruct;ona.l content_of the course. If- the s1tuanon were a workshop, lt :
4 . ° e - : h —
‘might be necessary tc, mstall telephones for commumcatmg WLt'h the compu’ter L.

-« (estimated by Pacific Northwest Be11 totaI at 330 per phone) and there would

also be operatincr co,st\s for the wor‘Lshop such as lunches, ‘coffee; and so .

forth (estlmated at approximately $3 per pers0n per day)._ _ Finally,vt_ere J T

&
.

-, .would be-miscellaneous costs which, "for the purposes of this a‘nalysis,' are
. estimated at. ssd for .a four-day workshop. .- o P

. 0 - . - @. i . - . - L - . ) . B ' -
Personnel Reimburgement. If.the use s in a college class, this cost

will .be-nothing, since the university .does not reimburse students for- their

- . N ,‘ " . . N - - - - » - \ : '-.
«  time. If the use is in a workshop for practicing administrators, however, ° . !
» - ) B . ot . ] . / : .

e there-bmay be a number of costs such as ‘per die'm-'and traVél An estunated

-

. ¢ 5 - . : »

figure for per dlem is $20 per day, though many school dlStrlCtS may not -

“ ‘.

pa}f\pe}t diem at all.~ Iftravel expenses are reunbursed ‘l_t is assumed that E

ot t : ~ : A & / e .
the~ p&rtscnpant must make no more" than a 400-m11e round-trlp dt 15¢ per mlle,

A

or $60 per particnpant Group travel -would make thls f:gure 1ess - . .-

) - : . -
. Computer Termlnals Slnce a computer tern?unal is a VLtaL eomponEnt

o of DM/W lﬁ:struc,tlopal system, ‘additional costs w111 be lncurred when usnng ’

-
Lo “ ¢ . s,

' ) ‘these materlals. \,If the Lnstltutlon Wthh is "'spons,orlng the lnstructxona_l S
‘ I R - " oL o
{ession already owns and operates the terminals, the gosts for the tetminal$

o T N - . ] i, L < '

_themselves will be neg'ligible;- however, - if the terminals must be leased, the . .
. ’ . ’ . - 0. B - i R . - - ] - ' .' .
T {1 S ST A
L. R v - L\ . . o . . R
S o : T ’ ‘
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T« ' oosts will be of c'ﬁcern. 'Assum'mg that the cheapest terminal available,

-

a telety-pewnter, lS leased only for the ﬁme needed, it lS estlmated that _ -

- L

v L

" the costs would be,$5 per day per termmal

Computer Time. ,Smce the DM/DM materlals requu:e ‘the -use of the

e computer, some e'<penses for computer time w111 be«mcurred Evmdenee

L.

/ - N
.apprommately two hours of termmal time a.nd five mmutes of CPU time to

e from the pllot and field festmﬂ' Lndlcates that each partn,crpant wou’ld use

2

work through all of the computer exercmses. The llterature

mdtcates that termmal tune generally costs between $4 a.nd $9 per hour and

thus the cost of teranal usage for each partlclpant would be $8 to $18, ., lf

« v

all the DM/DM umts were studled Tth same 11terature i.ndlcates that the*_

.CPU the requlred would cost. from $1 to.36 per- partlclpant.

-

College Credit.- In fhe case that the materials were used as a part

¢

- . of a college course, there would be no‘additional/ cost to the students and"' .

' college /béyond the usuaf costs of the fcourse. 'Ihe situation fo‘.hd be dlfferent

4
‘

‘ if collegé credlt were arranged for a workshop. In this’ case, the cooperat’ing

R college would most llkely charge a fee for granting credlt " Since a four
T e : i r oo : ’
N day workshop c(over all the units would be e equivalent of threé¢ credit ..

.- .

\ [' Tef

' ,,course in terms of class fime, the charge woul‘d most llkely, be for grantlng

.t hree credlt hours. A po]l of local colleges and unlversmtles mdlcated that . h '

. L4

‘-

the' charge .is about $30 per partic lpant per creclzt hour ort$90 for three

Vo

s N . .

. 'credtts. -' L Q, L
. ] . . - ot . .p . ' - ) . 0' \
D | ‘ L . -
1 ‘-‘ - .( . . .
. - < -
2 . 104 /' e
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Facilifies. Since some type of facility will -bé required for any

‘group use of -the IPaterigls, §<;me facilities costs may be mcur;fed: In the.
L . ) " .
case of a college courSe, there will again be no additional costs beyond those

incurred by the éon{rée as a whole. If a commercial facility is used for a
workshop group of approximatdly 15 participants, it will cost in the range from

$20 ‘to $50 per day. Use", of a university or college facility might - fall

1

" in the’ range of S5 to $12 per day for comparable facilities, and nse of
school facilities of comparable quality would cost $25 per day.

¥

i [}

. : The direct, costs of using either the DM/DM materials or their

competitors are fairly easy to estimate; however, the éstiination’ of the -

¢ 3

secondary costs is much more difficult due to their lack of definition and~
clarity. In the next few paragraphs some cost estimates will be given and

. g L ' - ¢ -
types of costs identifie”, though these may vary greatly from the stated

figures. = - ' -
Cousultants. Since consultants are usually employed by-the day this™

< . . ~ . Y ‘ _ o L

costs may be estimated on a per day basis. It is"assumed that for most of

‘a 4 . B ¢ o =

’ - ,the, work a college or university faculty member can performi the consultasit

" “-work: A common -consulting fee charge by 'ﬁ}diiiit‘iuals of this type is-$100

%

g be estimated -

LY

. per day; however, estimates of total consulting costs carnot

) . .'prec'lSely. since the number of consulting d:iys r_e,quii'éd Hepends_whoﬁy,.dn‘
: - ) . .. . . . o * - . ~ ) »‘. , ) . [ . /
. the complexity of the problem and 'the typessof attempted.solutions. . =~ -~
[ . T e '|J’ - " . T -"‘ . ) e - * . . . . “ t ‘:-
3 : L " ! ’ \J "' ‘ . -\ ' s
o , . o . . : 96,
- L o 105 : .
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Comguter. It is a.lso unposslble to give any meanlnoful estimate

kS

for this cost for a number of reasons. It depends once again on the scope-

-
—

a._tfd complexity of the problem under consideration,b\the type of computer

available, and-the skills of the persons using the computer.

Personnél. This also depends on the same factors as jn the previous

- _ - . o ' yd

[
-

~N
“
. .,

'_ techniques )

rd Q . .

> ot Data Gathemqu As with all previous catego.les, these costs are

. - D »
highly varlable dependmg on the scope &d commexlty of the. pr%blem, in

: addltion to the avatlablhty. of data. The most that can be sald for thls
.- '" ‘ s
catecrory is ;that this will gene“ally be ‘an tmportant non-zero e*cpense which
b ~ !
will 'mcl.ude/ at a minimum. costs for clerical personnel and keypunching.

-‘5.. "' .

. . .
P L ]
r
s

The estimation of opportunitjr cost,s is equally as di-ff{cult as’ was

esttmatmg the secondary costs of using the materials. In only\the very

¢ -
fewest cases is 1t POSSlble to put dollar figures on the costs mcurred
- - , - . . o e
R ho'wever,' n the follo“‘ri‘ng paragra'phs'an attempt will be made to discuss"\_-

s . ' © . e -~ . -

these cost sources.

E - ' ‘Normal Work. In training practjcing administrators, there will - °.
.t 7 ~. ’ - ' . . B | . .

e always be 2 cost due to delaying or _r!ot completing the normal work done'
by the participants. This ma'y" be est_flméted by determ'ining'\'a\{hat the cost

) ' T . .., ’ ' .' R : ‘ \ o v‘

to the school district, is for having normal work accomplished and identifying

‘4. . . . . . a [

categories of costs. The most that can be said-is that this will be generally

an important category of cost$ in solﬁqg problems using opera,_ti'ons research

El{lﬁc ° t' ‘v L o ) e ’ ! \ 106‘ | (Y_ b ’ ' - .- /‘. '



this as the beneﬁt lost. ‘An estnmate of the average hourly salary of &

-
-

practlcmg admlnlstraior is $11 30 (Pro;ect FACT 1973~ 1974) with add:tlon of

.

“/’15% 'for_henefits,' the- total comes to-$i3 as the average hourly avorth of an
. l‘-.at‘iminis‘trﬁtor. If the administrator spends' eight hours studying a umit -
tmstead of worl\lng on dl°t1’lCt business, it «vill cost . the district approxn.mateI}"= .
3104 in benefits Iost. For a four—day workshop, this wbuld‘ araount to'$:1]_.6
in oppoftunity costs to-a di_sfr'ict for each pe.'rt{eipating_ adininistt-étox_:.

Other Training. Again, costs incurred in 'this category are Lenefits

, lost by ‘not acqumnc training in other problo;n solwng techmques or any other -

7. tr,:nnmg. In order to estunate thlS type of cost it. is necessary ta speclfy-

- the possible decision alternatives (other tralning)-and estimate the benefits

-

. ., . .- 3
R from each of these. "What little information there is.on this subject does
not relate to training educa'tiénal administrators. Thus, the most that can be 4

-

. said i$ that this will be a cost, but. ‘its mag'nitt‘lde is not posstble‘to estimate

. in gollar terms. ~ _ ' ) - . “

Corggarmg the DM / DM Matertals Costs w1th +hose of its Comgetltnrs

As should be evident from tue descrlptlon of the alternate use of. the DM/DM

materials, it is not possi.ble to arrive at a single estimate of the costs-fo: ]

usmg the materla.ls Ne\'rertheless, it- is useful to determine the costs of .

- usmg tae materla.ls under a spemflc set of condltlons and compar: lt Wlth the

, . I :
i,,,gcosts, for using its competito'rs. In fhis way, it is possible to obtain an

’ : \ N . i - .
" estimate of the relative costs-.of usipg the DM/DM or its competitors.

. i °
5 - B




B . / First, --%éé us -assume’ a most expensive case. Here we Willconsuier
) only the immediate costs'éhice those will probably be of prizp%ry concern“vtt;
- most decision m\ake;~§ Assume that this_ decision maker will be re;ponsibiev

. '-for all cogts'. ‘Further_, aésu.me_that there Will bé a workshop of 15 _ ‘ , S

- 1

" educational admuustrators ina workshop of four days in duratlon ‘which wﬂl

LS - - /
take place at a lpcal com.mercia.l facility. 'The workshop wm require an .

1]

instructor who is a college or university facx.lty pember who must travel

< .. ' o
. 200 miles It will also be necessary to assume that all termmals must
be rented and that commercial cox'nputer services must be purchafsed.- oL e
Table 13 presents the estimated costs for this workshop usmg eithér e
the D’\I/’)M materla.ls or their competitors. It is 1mmed1ate1y evidgnt from i
_ - R
. .\_ . e ’ i N . o N
LN ‘ _ ,Table 13 - .; ' .
) , - Costs of Using ’Data Management & Decision VIakmg T
! : “or Competxtors in High Cost Situation - N
L4 ) - S“
Source : DM/DM Compstitor - L
~ Materials’ ) C $ 180 | s 682 SRR
Instructor i R ;
. *  Fee ~ 800 800 : .
Travel * . . 60 60 ; J
.  Class Serup : . .
_ _‘Telephone . N 120 . - Vs
Lt ' Miscellaneous : , - 50 - 50
Operating Costs N - 180 | - 180 '
; ‘ N _
. o Computer . ) -k
e ) + Terminals (f} 80 - -
.s ) Time ' » ) -
: o Connect Time 208 -
CPU Time o ’ 160 -
L 20 " . . i
. - Fucilities 120 4 120
Immediate Cost Subtotal $1,958 | s1,892
V Opportunity Cost - ' . } o : i s
, Personnel Time - i 1,560 " 1,560
. ' Total o ' $3,518 - $3,451
. . < Pt .
Q .\ v ,'ﬁ/ h - ., -
EMC . \ L T ST 1 0 8,-:/ '
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. ry el v . .
_ the lable that, the total costs in this s1tuatlon are’ essentially the’ same,

. ) . .
“differing by less ‘than ___$10‘0. Thls is prellmmary ev1dence that there is no,

 “ cost advantage in usirig" either the DM/bM m,aterials o'r their competitors,-"
“in'tlllis sjtuatioh.’ P ] B ' ! R
" / _ ’
In order to gain addltlonal p’ B O i. ©lative .costs of the ' . .
L ‘e - o

two sets of matertals, 1et us also conm i taast expens[ve case. Heox-efl'_'?:" ?

Vit s assumed that La slngle admlnlstrator is stydymg the materials on hlS

1 ’ N

own tlme. The dlstrlct pays only for the mat'er-als and the computer time

.

used on machmery that tl‘e dtstrtct owns. Table_.14 contains a comparlson "

Y \

of tne costs for the two ‘sets of materials:. Again, the difference between

s

. the two sets of materials. is quite smal'l;v indicating that in’this condition

. . A N X ! . -.7
there is essentially no cost difference between using .the DM/PM materials

: o . - . L ) Y BT
~ or their .competitors. - c S, : , RN
N ' * o . ) . \" .

Table 14 o ,', .
S . Costs of Usmg Data Management & Decmsion Maklng ‘
- " or. Competitors in Low. Cost Sltuatlon : -
- - . \ . " ) “\", , . ' . “
Source _ - | . ' DM/DM Competitor
Dlret.t Costs
ST Materlals . . 812 845
. Compute,r - . 1 . B .
~ ‘ . , Termlnals (.65 Yxrs ). 3 e e
‘ LECPU M L2667 - —
o u\ _—— -,” ) o B \
Direct Subtoi R 41 L. . 45
Opportunity Costs . ' R S ‘
. - . s ,o N ,
"™ persomnel - : - T , _—
. 1 rotar L 841 $45°
. K i A I N B .
‘: [ / - »7_\; - . .
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. . . ) .
o . ® ~ I
. - . .

. ; . . . ) '.‘m_..,,é.;, . . n.. i -
\\ g ;‘”I{\frther perusal of the two cumparisons reveals$ the .reason for the -
- lack "‘oﬁdj,fferénce ‘in costs between the two- sets of m'él:erials. ‘Note that;in .

/o FN - .- A
d A

AN ,
mal:erials costs, the~ compel:ll:or greal:ly exceeds l:he DM/DM materiais < \

// .‘ {.,

P However, it sho\xld also be nol:ed (;hal: the compel:il:ors nequire no use of l:he
[

com'pu*er, so-that usxng l:he computer with l:he DM /DM materials incurs

PR : . . N -

LI - - 2

v— ' addltional ‘e‘xpenses. These expenses bﬂlm’b % ano&er out, so thal: t’ﬁe o

. oVerall expenses W111 come out essenl:ially even under most circuinstancej' S

L 4 ‘ . ‘ - ""
S \The inVesl:lgal:ion of the relatlve eosts of l:he DIV'/DM m{aterials aéd

3

theii‘ dompel:itors has revealeh no a,dvantage for one or the ol:her, ‘but l:hls

/ : \ S

doeé not mean that there 'are no differences: There,may be diff»_eréncés in:

/= _

~ : : o ! .
’ ‘benefits derived for the same cost.. o . o 3
- . . ' Benefits' . )

\,\

~Benefits are l:he ”good" or' desirable outcomes of choosing a parl:icular

“~

decis10n aiternative . The problem with determinl;ng benefits~ is ..l:hat_ oul:comes-

' v-v'a-ry in desirability’ for different decision makers For the purpose of thls

. - B . " ! ' - -

ana_.l_ysis, an ass-innpl:ion must' be mdde. Here the assumpbion wi11 be made e
¢ \ N . i N f

that a benefit of %n instructional program is the’ atl:ainmenl: of one of the goals

o

.of insl:rucl:ion.-- We will also assume that evidence ,already exists that

AN ]

al:l:ammenl: of - these goals is desirable by some l:argel: populal:ion In fac'l:,-:. '

this evidence does exist fo the goal of the DM/DM mate'rials in l:he resull:s

M 0N R

of ﬁthe, needg"assessment. Thus,- comparmg benefits becomes generally the

LY

~

/ “task of comparlng goals of the materials

.

o The flI‘St task in cons1der1ng benefits then, is to: enumeral:e the goaIS'

«| R}

/ - of the materials. To su:mmarize' ,the se,cl:lon“of this report describing the

N ' [
.

. : o T 2" 101
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DMi/DM materials, the goals will be briefly listed. .Thé overall goai-of the ’

. s i . =y . P . - Pl
- . ﬂ. . . . . . .

materials is to ereate-an-awarensss of operhtions research techniquest jn
. . * N ~ - - N v i

- T W ) 4 ,. ) : e ‘ e ‘
yeducational ‘administrators’ * Within this mdin goal are the following subsidiary:

. : “& . . -
goals.r = - S . ‘ - T
1. Acquisition of the vocabulary of each tech}r}}qqe e .o
2.7 1DiVe1'opment of some nf‘ﬁty Iwith_' th._e _sﬁé’cifi’cs of eaql_ﬂ:t of L&:\
foy; techniqué§ - / B
o o . _ K. .
i} 3. Acquisglfion of knowleuy. on.ho_w.t,o use thf:-- computer as a’ -
:', v , - probiem-\l"sol\'ring to'ol,‘. V\Citi‘l respe'ct tdo the four techniqges_ -
’ 4 DeVe,lophm_'e':nt qf-t-hé; agil:f},sgto 'aeterr;lipe appropriate uses of
t . ea'ch‘ o; the techn_it;iues in ed&c,ati(;r{zil ad.minist-r:'cltiolh . .'/‘/
L ) - 5" | Déveibpﬁghk"df_ the abilit‘:yv o méke dec.{si;ns ba}§gd,_,oq'"ﬂi'é///
;'fesuIQS -ofc u's-'L_xigleach' of the"‘t/e:‘c/:i;ia;es v N .
E ) 1.6, éi':e:atior.l o£ a’ L;lore po;i’tive -'at{itude gowa}d opefa;tions re;ea_rch .
. L4 . ) _ P , . . -
.: ) in(edut:ati'on . h - o ' . S
Single"th;e c.ompetitorus. we;r'e.vcho.»sen tg} reflect esséntially l_thé"same. goals as
the DM/DM niat@‘i'ié..lsl,.. th"is_. llst "sﬁbsta!itially‘ I;epresents thesg.oaIé of the:"
QOﬁpetith ‘materials a; wéll... ) o 5
| "« 7 In.yoi"de_:_i;qt_o make the most rig(_;rous 'coinp_all:ison;‘ betweﬂén “the‘ costs
| a}nci: beﬁefité for ‘éach-of_f the sets of materi’a.ls‘,, it is .n:e'Ee's_s_.a;'jl to quantify )
" vthes'e ‘be;lefits ;‘in dg]‘.}a‘r ::’t‘e_rms».v v '.l‘his ciua;&tification; ’b.ou-/eVe.r, lS éﬁtr‘_em-ely

RO “difficult if not impossible. First, a'ccc;mplishing the ggals onfy provide- the.
-, potential for better problem solving in-educational administration, and this

ro pgfenti@l 5 realizable-in'a great. number of ways, In.,turn'each of these, . :

Y
. b . -
- .- ’
* - - r 2, @4 . ) . .
- SIS 5 S T
, - . . R .
- T~ L 3 . . . .
" o | L 102§
‘ . . <. - . e .’,r
- v - -. N ° -
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. ’ ! LR U : ® LT
\ ways implies benefits in' doldar terms such as cost savings depending almost 4
. . . ) . Y , - ..\ . - . “ LI . Pl t_uv
' - i - ~ . = . o
entirely on the -individual situation. Thqoretically, it’ohou-ld be possible -
.r ’ . ‘\ ' . R X .I‘.\‘ . . - v/e' . _. - ! Co- Y
.. .io determine an average dollar benefit by observing a great' number of :
v R ° PR 4 e ) . . . - ~ .

.‘situations ‘in which these techniques are used; however,'_ no such evidenc'é;‘ .

presently exists’ and it lS beyond thevscope of thls evaluatlon to carry out .

those observatlons '];hus the b\est that can be done in examimng the benefi
. /

— - - '

© of these sets of materials i thiss evaluatlon is to en\hnerate) thelr beneflts ;
' . B y \\" . )
and leave it to iue decisioi. maker to-decide the rclatlve importance€ of -

S s ’ ..
J_ these® benefits.

’
A

. . —‘/:' ' : . . . . - . ,. ° - -

In ‘comparing -the benefﬁ-of_' the two sets of materials it seems most

obvious to“comp'are the goals:th y',apparently profess. Table 15 suinmarizes 3
* .

thls, comparison. . This table shows that tl Y DM/DM materials profess three /

/" l_'
v. .

. " more. lmportant goals than thelr competltors, wlth the exceptlon of llnear -_,._‘"';._‘. \I
. . . ) S R -‘.' A
£ . - .
_.programming. Of these,. there was evldence ln the fleld test that two were
. . v - <\/' .
accomp_lished 'or __at least partlally-f attalned The DM/DM materla,ls dld not

o -

| appear to change attltudes~ consequently, whlle thls goal twas professed i‘t

e PR - v ) . cmeT

was not attained. In sum, it would appear that the DM/DM-- materlals have "

q ' ) o

-two benefits that the competltors do ot have relating ’tp computer 7sa’ge’_~ and

o o
R

¢
-

problem ldentlflcatlon in educational admlnlstratlon.t» 4

".. ) ' R N / ) S
' L It should be noted ‘that this treatment of the beneﬁts of the DM/DM
%, materiagls and thelr competltors took place at a yem.g"?énerallevel. -There
. ®» - « . . .

) 'may be spemflc goals of either the DM/DM materlals /or their competltors (

. which were not taken lnto accoung. ln thls analysis. '/bn the whole, however’», .

- . . PS
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- of small drfferences in the lnstructlonal goals of the two sets of n}‘aterlals.

-
-

JFor example, in the anear progra.mmlng Competltor, an attempt lS made.

oty .

:to impa;‘t a 1si.mp,le ,pictorial unglerstanding.'o'f"én optimum solution while this
oL . . i ) \.- ) T : ‘ L o3 ’
_is not done in "Linear ‘»-Prog_xgmmihg." In no instance’ are these

- .~

‘so maJor, however, as to substant/ally alter the list of goals as given ln N

/ . N o

" _Table 15- and in no case_ do they change the attrlbutlon of goals.

“

-

~ . N 4 . . —r
, ~ L3 + s v 4.
' N . . A L . ’ . - o - -,
: ,. . A . Tafle 15 ‘ :" v . ‘ ’ - o
' AR . i L ‘ b Sy ) : ’ -t
. Comparison of. ApparLent Goals of DM/DM and Competitors - -
.‘? . . ’ » .. . < M ’ 2 ) - l’
. S : A . .
- Geal - / “| pm/pM Competlitor )
- : Pl ) . ' ;
e . 1. Create an aware‘hess of operations . Yes . Yes o :
* research techniques in educational . S I o /
. °  administrators. - . \z‘ / N . g
| 2. Acquisition of the vocabulary of k ) 17 o¥es - Yes '
"y each technique . . :
) 3. _Deir&opn?ent of some faciiity with the . Yes . ' Yes
specifics of each of the four techniques t
- . , I - > .
4. ,'Acquis ition of knowledge onhow to . | Yes No (3)° . :
., use the computer as a problem- Yes (1) - #
) I " solving tool with respect to 'the i ) . .
s fouxf techniques E SN ] e -
5. Dévelopment of the ablllty to. . 7. Yes . No - . ) <& "
. detérmine appropriate uses of each » N « "l T g
of the technlqi&s in educational - . R ] o - -
o administration . . ' 2 ' ' St
. . . . . i3
6. Development of the abllu:y to make . Yes Yes . - - '

. ‘| * decistoris based on the r}‘sults of T ' . LT W
LA using the tecnhifues - . - -
¢ ° . - . . ) n \'; 4 . ‘

| 7. Oteation of:a more positive attitude - Yes - No ' -
«>| - toward operationb research in . 4 - . © .
educational administration '
- _ .
C . , , , :
£, . B D
. - - 1 . ) . ] . .o . ) N N .
thls should ‘not Contl@.dlct the conclusion §tated above. - There are a ,number-_ “
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v ; ) . . - L &
. y . \ . .
Conclusion o - o
- . . L) . -. ‘
. ) ’I‘his cost gnd benefits a.nalys1s of the DM/DM materials elr
competltors has revealed two ﬁmpontant results. Pir ere is essentially

r/ .. ‘~ n

Second usmg the'DM/DM materials resultq in: two nore beneflts than‘lu_smg. M

— ' -
~. .the cgg:getltors. The conclusion of thls analysis st ‘be that if the decision
'maker“consider.s it l.mpc_);r-tant to learn about using

-

e coinputer as_ a problem

4

solving tool in. educatj

al adm'ini\stratlon' and to identify types of educational

'-

as to create an awé.reness--'of opefatlons research techniques ln"educational

. . @
\ ‘.

\
AN admtnlstrators, then he w111 gatn ‘more benefit by using the Data Management
: ) ) A .A/ - . .
L& Dec1s1on Makmg matenals.-,». B b
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COu( LUSIONS AND RECOMMENDATIONS

¢ Thé’ summs. e Lonclusion of this Technical Report ls that Data

' . a w

L \/Ianagement & Decismn Makincr is a validated p‘rodwct with respect to u:s»

{ - e

use as' instructiona.l materials in college coursesf— ’I‘hls has been @oncluded

L 4 f} -,
- for the followlng reasons In the needs assessment, it was demonstrated.
. _/’ N L 3 ° - o
" thatxamong €7t least two of the. three target groups for these ““aterials, ' .

\ tudelnts of cducat vnal admmistration, administrators, a.nd professor& of
educatiohal administration, 'there is a need for'tra\ining maferial‘s in: the
. four operations res.earch techniques of concern .in the "‘fnaterlal's. * In the .

. ,./" pilot test, it was demonstrated that the DM[JJM materLals\can causel learning

abov‘ operations research techniques in that students ev1denced( inr'"eased

attainment of the instructional obJectives a:§ter workingu through the materials. ."\

: ThlS pilot test also showed that ustng the DM/DM materials could change, o

L‘

‘ some attitudes towe(rds operations research in education in a pos1tive '

> . ! - ~

direction..' In the f1e1d test it was again demonstrated that the DVI/DM

.
! Y o

L

materials cause ‘learning Moreover, it was demonstrated that in’ some but

) . e p ° " ) i '&-. .

N not ail cases it causes stgnificantlyL;more lea'rni'ng than _its most' lik_ely k
LI . 2 . : L s ST

._competitors,-- and in '5'1'1 cases vt -dogg no worse ‘han the competitors A\ . .

' measure of attitude towards 0 erations’research in-‘education no matter S

' ’t
r
-

7 whether the materlals,-~were DM/DM?'or their competitors ThlS is not at

- ~
: .a . . I.

’ negative conc1uston, since this attitude was generahy quite pOSlthe when . the L

C . <- - .

e - vstudents ent’ered the course. As-a result of the field test it was -also
S .. , o
- demonstratedo that the D’VI/DM materials apparently had several pos1tive s1de

. » J ‘. ) .. - - ) ‘ _ . . ..»
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effects having to do-with using the computer and i_ncreased' motivation 'to
. . (\‘_.' o . " .-
learn about operatiops, research techaiques. When these. were compared with
.. . . .- - . R 3 -—_ o ) ‘ .lp« . ) . ‘ﬁ‘ B .
a the comp‘etitors», it was evident that the competltors~' had,fe"wer posit‘lve side"

~

effects and did not have any of the minor n°gat1ve slde effects of the DM/DM
mat-erlals. Flnally in the costs and beneflts anaLy51s, it was revealed that

for a cost approximat‘ely ‘eqml to that of its competttors, the DM/DM
X = g > . T, . ’ . e . : o
. materials could deliver a greater number of benefits to the user. If the -
) * i o . o o : / o “ . T, .
decision maker considers favorable experlences with computers ahd greater . .

. motivation toward learning about operations research to-be valuable. be;ne‘.ﬂt's,w '

then Data Manage%xent'&-Deci_slcm Making "is more cost-effective than its

. - ) . . . L R A. o . 5 . -
competltors “ S A I ' R s

o -

For th’e/r"gsons stated above, Data Management & Declston Maklng is

Tl : |
... a vdlidated product w1th respect to learmng, both cogr\ltlve and affectlve, RS

i'ﬂ.'g,_l:" ’ . N 7::"" :
L cost and bé_neflts-,,-lax{d s1de-‘ ef'tfe_:ct_s:1 4$_gnce it meets ‘a ne,ed~and is a valld_ated__ -

- - o~ \

. "product that meets an empirical'ly eestablished need, it is a 'worthwhi_le:prodnc't'.

* Finally; becanse it corniaares favorably with its likely, competitors, it has ®

) - . R . - — ' . . . . - & ? '.,-v. . ..*.\
° relatively more: worth in the educational marketplace.. ¢ I oo
P . . [ ¢ . . . . - . .o -
Based on these conclusions, - it is recommended that dissemination of )
v~y - this product be initiated and that a publisher .be sought for. this proé%d_ct. e
R | <o ! * :
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a . ) o ) . . ' ‘. )
. .0B’JECTIVE$ FOR' INTRODUCTION TO. "OPERATIONS RESEARCH" - . ‘
) ‘. . . . . . o ‘ . o '\‘ . - ) . . R . i ‘.- , - N l‘ . ‘.l
’ ¢ L ) . . . o ’, > ' 3 - . \ L
< 1. General Objective: ,The student. will know and comprehend the - A

. concept~' off'r!e'é"ision Corftex’t. oL o e

. a Behavioral Objective The student wlll able-;,tc, defir_ie.rthe' E " "
- - term decisipn context (p 4) ' ‘ \ o .
b. . Behavioral .Objective- The studer‘t will list and ,define the . \

L .. \/ AR 'I/

: three comnonents' of a decision context '(pp. 4¢5). v

c. 'Behavioral Oblective -'The ‘student” will be able to identify

the three components of a decision context ’given a Specific ~ *
e L ® ey . ' ‘_"\
problem in educational administration. (pp 5~ 6) v S . T

. 2. General’ Oblective The student will, know and co;\nprehend the concept

“of” decismn strategy L R e e
. . P w
N a.. Behavmoral Objective: The stndent w111 be able to define the .
- L. .) term deClSlon strategy (p..'8 )" ) o 4&3 S ‘ o
‘& ‘.‘.’ ] . . : . . (' i '—,‘ . = - . .
’ . b..v Behavioral ijectt've: The student will be ab{ole to list and describe
{ _ ' thé four characteristic Components of a decmsmn strategy (pp 8-10)
o 3. General Oblecuve The student w111 know ~and comprehend the concept
u____\/f,.,_ - B \‘ \\ . ) . i < ; .; i
- ) . . ~ : . » . £‘L i
of payoff | - - X “_ﬁ.‘?@
‘.. oa, 'BehaVLoral Oblective- The student WLII' be able 'to define the - |
- . i 1’ ,‘ . PR 4 “
- : o 'concept of payoff - (p. 10) <~ 7 ‘ "-, L. e T
« 'b. Behavmral Ob]ective-' The student w111 be able 'to identify possible '
. - : ¥ g\. L
payoffs in an educational administration proble‘£ SLtuatio (pp 10-*11)
, B . 1 Page numbers in parentheses refer to pages in’ the text where the obJeC‘tive
T s addressed _ The text are the units: accompanying this report
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: b B_ehgv_loral tibject‘we: 'Qe Studen*r“will be Aable to llst four'

ERN 3 operatlons esearch technlques’:‘and ‘\rleﬂy descrlbe to what typ

~ .

General Ol:_vleotlve- The subject will know the.—mear'xlng of the ter’m;

‘L;, . . »

1

;i»‘.;,bperations research. A B -
a. '\B'ehz‘fvior.al- Objective: The student wgpwe able to deﬂne the
g term operai:lc:, rcsearch '(p’{“ 12‘ RS G oo
X P ,‘ N . ’-

%'.AE.) 3 . _vb

l""" i

v71
a

! - st

&

> 'apphcable. : \pp. 12,—13)

. . .




-kt

, OBJECTIVES FOR "pERT/CPM"
o Ry GeZne_ral Objectis}e: The student will know, cozrtprehend, and apply
the concept of PERT}CPM as a‘problen'l—solving'tool in education.al
administration. | .
o a. ‘Behagioral Objective: The studént will be able to define the b.
i P‘QRT/CEM terms project (p. 5), activity (pp. 5-6), event (p. 8)
and network . 7). )
o _ b. Bel;a's;ioral ‘Obiective: -The student wilx be able to describe the
three uses of dummy activities in '-PERT/CPM networks. (pp. 12-15)
-é_. Behavioral /Otiectivei The stuc‘l’epnt will be able ‘to define the
terms: Ea/rliest Start, Latest Start, Earliest Finish, Latest -
.\\ fmish, and. Stack Time. (pp. 17-23) 7
d. Bebavioral Otl'lectiv'e":f" The student will be ablé to constrtxct' a
;. - BhRT/CP‘VI network, glven a list- of aCthltleS for a project and
\ each actLVLty s.lmmediate pre‘decessors | (pp. 7-15) )
/-} . e.; Behavioral Objective The student w111 be able to deflne the convept
)‘ . X " of crltlcal path in a PERT/CP‘VI network (pp. 23-25)
g - f Behavioral Objective: The student will be able to translate the
"",, : '~ times g:.ver‘m)m a complete PERT/CPM chart lnto caler}dar dates
, ! sﬁeEL't‘&lnG the earhest start date and latest completlon date'for .
. the agtwttie in a project. (pp. 33—38) _
a R
S e 114
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General Objective: The student will be able to use the corhputer )

Bl

(S

. program GCPATH. ‘ .

v

a. Behavibral Objective: The student will be eble to cause the proper

‘. execution of the computer program GCPATH bv enterlng the

~

-

approprlate response to the interactiye- questions asked by the

. program. (p. 30) : . "L

c. Behavmral OllLectLve The student will be able to find the critical

path u; a PERT/CPM network usmg the computer progra.m

)

GCPATH. _(p. 31) k) | -

'd. Behavioral Objective: The s

dent will be able to correctly interpret

~ each item of tinformation given in the output frorp GCPATH. (p. 31)

-

" 3:. General Objective: The student will be able o use PERT/CPM as a _

- decision-making tool with refererce to'speci.f‘ic problems in educational
administration. . b '. '

'.’

a. Behavioral Objective- The student w111 be able to ldentlfy at least

. five educatlonal admlmstratlon projects for which PERT/CPM is

appllcable (p“. 4) -

. b. . Behavioral Ob'Lective: .The studept will bexable to descrif)e the use -
= - - P

6fﬁRT/CPM as a co;nmuuications tcol. (pp. 33-=38) V . o

c. Behavioral Objective: The student will be able to choose between-

_two or muore decision :ilte_rnatives aud jtfstify.his choice by referriug_ o
. J S
to the principles of PERT/CPM, given a specific project planning

- problem In educational administration. (Not directly approached but
. Y . \ L “ .
dealt with by exercises on pp. 27 and 38.) S
‘ ’ . - . ‘ & , . t
',; ’ : B . 115
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~ ' d. ‘Behavioral Objective: The student will be able to_list seven ) )
: 4 .

¢ - -
- advantagqs and four disadvantages of PERT/CPM. Jpp. 39-41)
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OBJECTIVES FOR "LINEAR PROGRAMMING" | ]

- -

1. General Objective: ’I‘lee student . will know, comprehend, and-apply the
- L ) - . —t

concept of linpear programming as a problem—sol'vhig tool in educational

*

- < 7 o ’ 1’ : N
a. Behavioral Objective: The student will be able to define the terms

administration. : . : S '

- : _ constraint’ (pp.‘ 5;-6), controllable variable (p.".5), obj,ect fun‘q;tiovn‘ tp. 5), °
. T . . ‘ ) . . . Al . ’ ." .
and measure of effectiveness (p. 5). o -
) “ : . . . . N

& b. Behavioral Objective: The student will bé é:bl’e {6 contruct a .

- . YR -
0 mathematiqal model (constraints, controllable .variableé\and object

CL o . X
/ﬂ ‘ funchon): for a simple problem in linear programmmg (pp 4 8)
L 4 & -
r sC. Behavmral Oblectlve “The student will be able to dlstmgulsh between
S

- - -

-possible andbopt‘\lmal solutlons to a linear programmlng problc:n.’

‘\( , (pp. 12-13). - ,

[ 4

d. Behavioral Objective: The student will be able to oufline’ the genefal

N steps necessary i..;l so;lvin_g. a linear pregramming problem'. _f(pn 5’,0-36)’
2. (\General Obiective . The %tude*lt will be able to use the compute; program -
, I\;INPRG. - R 79 .
o a. _Behavmrﬂ. Ohu-\cuve The student wul be able to construét\ a.nd
' - . - .enter the pmper- DATA stetement‘s, glven a specific mat}\émattcal . :
. - ) model of a liqear prog-rar'nming problem, (pp. 17—20) ' ’/ |
:&.” , yb ls:ehaVLoral Ochtlve The student willi be"able t¥ cause/a. proper
. .: . _ xec‘utlon of the computer paogram LNPRG 'by enter[nO' the‘ap;roprl,atf/
. NI . ;4 @
i response to the mtexzactlve questhns asked by the Rrogx;am. (p‘p.’u20.-24)
3 "9 L/" \ e \ o _ . o N '.t /

"), “_ Ve ’ . ’ . ) -126 -
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T g . Behaviora_l Objective: The student will,bg able to ‘corre.c\tl};.
t N interpret‘the ;Jutplit of\'LI;\IPR'G as the; soluti'on of thHe l‘iﬁeér 1 S
prégranl'ming problem. (pp. é4-25) ‘ .
3: G.e_:ner:il: Objective:’f The student will be able to use iinear 'progr;mmiﬁg'
- B - as a decision-making tool wi:h .reference tg specific problem‘sf'm
. : e'ducé't ional aélminls.tration. : ' - . :.
<« . . - : RPN . ~
- . a./ Behair.io'ral Objectzve: The stgden‘t will be .able’ to ddscribe tha
- B g’enéral type.o.f;"prbblem to wﬁic:h the technique of lipe;;r progfain%mihg_.
is appliéable. (p 3, 31-32) | ‘ -. |
. S 2 . S
- 'b.  Behavioral Objective: The.student yill be able 'tbl list two reasons -
' why the téchnlciu.e .of linear prog‘raﬁﬁ‘ning has only receptly_bb:een c‘us.ed’
in educétional ;dmiﬁi.straﬁion.- (pp 29—30) —
. c. Behavibral. Objecti've:~~ The student will be ab;le. to list_ fiv_e. tyﬁical S
. re‘sources to be allloc'a(sed in éduqatidnél-problems and five ’Nqugbnt'igle; .
which could .._be used :':ts_ measureé of effecl.t_vlve.ness. '(pb. .31-:‘3_2')_ i
-~ d .Beha.vioral Opjecti\;e:'.-ﬁ The student- v:/ill be ablé_ to list five advantages -
- . ' ' 5and two dis;a'_dvantagegﬁ og using the tgchpique of linea.r‘ﬁroéréipﬁﬁ;lgq.
in proble;ms ofs;ed‘uca.tioqal admin.isgration..' (Pp- ‘.186—§7). |
- ﬁ;ﬁavioial 'O_bjé'ctiv'.e: .The .Stud.cant‘@vill be abl;: to cllxoosgbetw;en.-.
— two or mofe decision a.ltel"natvive.;s\ énd to .ju‘sfify h.is choice by |
| refe'rrl'hg 'to.t'lae res'ult‘s.oti a -lix'leﬁ prog;'amming"anélysish,' g-i'ven"'a v. .
.pmblem.éimat_ion in educatiohal édmigistration which redl:irés , } ] "l
“ _ . Lo o )

. optimizafiod. (All of Part IV: pp/ 38-85). .

. - ) ‘. /

P



| \ OBJECTIVES”FOR "QUEUEING THEORY"

N 1. General Objective: , The student will know, comprehend, and apply the ~
A .concept of queueing theorjr as a problem-solving teol. ..

a. E'.ehaviora‘.l.Objective: The student will be able to outline the basic

(’é/\ . conditions ‘VhiCh‘Pi'OblemS must satisfy before queueing theory can

: _ - give useful results.- (pp. 8-12)

b. Beha\uoral Objective: The student w111 be able to define the queueing

Pd

- terms: saurce field, customer, serv1ce facmlity, arrival rate, servlce

. - . r%, idle time and waitmg time (pp. 5-6; 16)
c. Behaviora_l Objective: The studentwill be able to list the queueing .

statistics that can be de’rive‘g from'the_basic /information about a e

w_aiting‘ line situation. (p. 25) .

d. Behavioral. Obiective: The student w-l-].Uz/e able to identify" in a
specific queueing problem .which parts of the problem function as
. ' . /
- constraints, controllable variables and payoﬁ (p. 33 40)

» T e. Bebavioral Objecti&i; The student w111 be able to explain the general

. » effé’cts on length of xilai.ting line, waiting time, and probability of -

. - : . 1
service facility idleness as the number of service facilities or the

. » -
- - . : ’ Cor « * !

~arrival rate, or the service rate varies. (pp. '.37'-'38543' 47-48; 54) - B

N}
—

- f. 'Behavforal Objective: The student wlll be able to identify the source

. :
\ . field, customers, service facilities~, arrival rate and service rate

for a specific ‘queueing problem. (pp. 6-7.and numerous examples -
- e in entire booklet) -

4

.

e 1o-
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W»-‘lz. General Objective: The student will be able to us.e' the computer program .

QUEUE. o | :

- L]

O
'4"/’

a. Behavioral Objective: The student will cause pmp,ef;zfecution of

f

R

‘the compyuter program QUEUE by entering the ﬁppropriate praoblem

parameters in response to the interactive questidns asked by QUEUE.

7

LT

(First example: pp. 24-28). - | *

3 o v

1]

b. Behavioral Objective; The student will be able to co'rrectljlr_ interpret

the output of QUEUE with respect to the queueing statistics ﬂl:_it‘_ it

l yislds. (p. 27 and other. nurmerous- examples throughout the text)
- ] 3. - General Objective: The student will be_ able to use queueinys; theory gls a -

- -

. o decision-making tool with reference to specific problems in éhducational_ .

’

dministration. , - / : o

Behavioral Objective: The student will be able to choosé bth'een,‘ two

or ;nore decision alt_ernat{ve‘s and justify his choice b)f referr‘ing to .

VR ‘ thg resthxltsv of é Quéue'mg 'Ii‘heo.ry-. anAalyS'lvs,A éivén a»prob'iema sit-ual:lon;

- o | o in educational ;dm'tnistration to ‘thicha Queueing Ti‘heory _is. _applicable; .
| | A(P_reséntv in all _examples c;f booklet, beginﬁing .v'"ith ftrft exﬁmpfé_ -

¢ ]

~on p. 21).

- \b , BehaViofal Objective: The student will be able to list four adxiantagés ‘

-

- andvfour'%‘ﬂisadvap'tages in using queueing theory for problems -in o
§ - k ) , - ’ - . . - ’ ) ’ . - oy .
- educational administration. (p. 55) P T S
¢ ‘ - "~ 5
- LY
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1. Genera_l Objective: The student will know, comprehend, and apply the

OBJECTIVES FOR "COMPUTER SIMULATION'

concept ﬂf sunulatlon as a problem-solvmg tool

a.

.Behavmral Oblectlve- The student will be able to-deﬁne simulation.

"®. 3 . - o :

N ) J ‘ . ¢

. Behavioral Objective: The student. will be able-to list the four
. . b <

c.omponents of a simulation. (pp. 6-7) - -

-

Behavioral Objéctive: The student will be able to name'_at least -
two uses of sjmulation in an educatlonal setting. N (Numere'lus‘/example's
throughout booklet) _ ' ' : : .

‘.

Behavioral Objective: The student will be able to list and describe -

the three classes and two -t:ypes of si.mulations.. (pp 7~ 11)

-

e.

.~ .

Behavioral- Obiective:. The student will be able “to list and explam

Vo
£S
>

the f‘our purposes of simulation.’ (pp. 11-12).

+ . 2. General Objective: The student will '*bev»able to use the.comphter program

a.

-

.t b

BUSRUT whnch smmulates bus routmg problems

: .
4 2

Behav1oral Oblectlve ‘The student w111 be able to construct and

enter the proper DATA statements requlred for the program BUSRUT, .

« *

given a map Wlfh the plckup locations, coordmate axes and number

‘of children’to be plcked up‘ at each stop. :' '(pr 1»&:-18).

Rehavioral Objective: The student will be able te cause the proper -

execution ofthe. compﬁter program BUSRUT by entering the required |

information-_in the required sequence. '(pp.- 18-21) -

_ ; L | ,'1,_:_217 .
~ . 7130 T
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) ~¢: Behavioral Objective:- Jhe student ’V\;m be able to cox‘Lrectly interpret

the output of the computer program BUSRUT -as the solution of the

. bus routing problem. (pp. 21-24) . -

R

d. Behavidwal Objective: The studeht will bé avle to choose betweer |

two or mory‘ "decision alternatlves and justify his cholce by referrmg o
14 .

, to the output of the BUSRUT program glven a problem situation
’ .

_mvolvmg the rout_tng of buses. (First example, ps 25; others: .

-

&

-
*

PP :6 30) > . : 9
- 3. General jective: The studentlwill be able to use the compurer‘simula;t_ion
< ’ ’ »r i . ‘
‘ENRPRO whlch snmulates school enr‘ollment and provldes pro;ecttons. '

[}

a. Behavnoral ective The student wﬂl be able to construct and Co .

" _enter the’ proper DATA statements requlred for the progr ENRPRO,

3

glven a table of enrollment data over, at least, a iive year periocd..

-~ . Y

(pp. 38-39) ' : Co

L3

b. ‘Behavioral ObjectiVe: .The .student will be ahle to cause'the‘proper

_execution of the program ENRPRO 'by entering the required

'0 . [

-

mformatlon in the requlred sequence (pp 40-44) ~.‘v

“¢. Behavioral ObJectwe: The student w111 be able to correctly o o

-~

mterpret the output of the program- ENRPRO wlth respect to. .

pro;ected e\nroll_ments, year-to,—year -‘»comparlsons, and projected o

v_'ersus actual =enrollment. | (pp. 44-52)

.- .

d. - Behavioral Objective:. The -student will be abie Lo choose between *

two or more decnsmon alternatives and Justhy his cholce by - referrmg
. /o ' - v
to an en ollment projection produced by the program ENRPRO /
3 S 131
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T . given a problem situation in educational administration involving
i et , >
., ~ enrollment projections. (pp. 60-67) . ‘e
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Lmdsay Bmldmg 710 S. w Second Avenue
Portland. Oregon 97204 Telephone {503) 224-3650

May 10, 1974

Dear '
The Northwest Regional Educational Laboratory.is presentiy engaged in
planning for the development of instructional materials whichk ave intended
to focus on some of the techniques of modern management and which are
targeted for educational administrators. In preparation for ‘this work, .
practitioners, professors and studenfs of educational administration are '
being surveyed. " The purpose of this survey is to determine If the topics
that’ are being ‘considered for inclusion in the materials are, in fact, . -
_ con51dered important by persons involved in educatlonal admlmstratlou e
: ( .
_The short questionn’aire that you will find .included with this letter consists
of a listing.of possible administtrative problems which are solvable by the
‘techniques under consideration for inclusion in the materials. We would
greatly appreciate it, if you would respond to” this questionnaire from two
points .of view--how often the problems occur and, How lmportant they are.
Respcnses in the lefthand column should’ reflect the frequency with which
you encountered the listed problems Please use the righthand column
to indicate:the importance. of traunng te help admmlstrators deal with each
of the hsted oroblefns I : .

~

-

‘ Enclosed you will also find a self-addressed stamped envelope. . After

filling out the questtonnalre, please put it. in' the envelope and drop it in
the mail. It .would be helpful if you could filly out this guestionnaire and °
return it withimr 10 days. We realize that your time.is strictly: budgeted

‘but the few moments nec'<evssary to tomplete this form Wwould be greatly.

. appreciated. Thank' you ery much for your time and effort '

Sincerely, o ' - - .

./4(4/.5_,5{ /’/ //J/¢ - I .. .. o : .

Stuart M. Speedie

. Computer Technology Program ) P
\ .
.- SMS/n , A - '
.Enclosures ' ' 134
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. LT -
- PROBLEMS . . .- : ’ _
" ENCOUNTERED . MANAGERIAL FUNCTION . ‘ TRAINING MATERIALS
Please check only one box. I Please check only orie box.
: . o : Needed: ’
Some- Hardty ) : ) - Needed But Not .
+ Often  time’ Ever ) : L » Very Much  Essential -~ Not Nedded
D D D 1. Understanding the deéision~ihaking process .

to
)

Planning projects

’

" 3. _Analyzing ongoing procedur7 for efficiency

4. I\Iihinilzing COSts

e

'

00 oo

5. Analvzm% the efflclency of school district ¢
Services

.6.- ’\lloéating time for the accémplishnient of tasks .-

1y

ooo O go

. "Ilmm\zmg the\ walting time for a particular '
serv rce

'8._ Understinding the interdction of school
district systems

.

=

9. Roiting school buses 0 . )

<

Odo 0 00 ooooo

10. Scheduling activities so s to meet a deadline

11. Simultaneously minimizing costs while
maintaining quality of an activity

12., Maximizing the utilization of service .
" facilities (

0000 0 00 0D0orl

R=Rl=lzl=l=¥=
0 oooe' o

—— .

n
4

D o000 00000000

”
L 4

" 13. Predicting changes in school enrollment
. Identifying option's« in decision making -

v
]

0 0000 0 000 0 00 00000

q

ni=ls]

T 15, _»&llocatm« budgetary resources efftcnently

0 0000 0 000 000 00000

-
—

—
[=2]

6. 'bmmltancously.satlsfying_:1 num})“efof
- . different goals. I )

\

0 ooo

» .

v

v

. ﬁetemlmng the.probable outcomé of a
* particular decnsnon without acn?xlly Tt L
: m*plemenrmg the decnsnon c <

S THOG e
REc et X

-

.- - :
-
‘b . N |

\

{
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For each applicable item circle the letter of the
o best answer, : : ' :
, / ‘ ‘ N
* K i
& - .
. . ’ Form: 1P .
f - ‘;‘*;
. 14 » . ' E
‘. ) ] ‘/

T T
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. : e \’ : ‘ : .
1. A decision context is: L : | e
a 2 cholce between two different optlons |
- b. the adnnmstrator S environment '
c. a problem for which a decision is needed.
d. the school district of the admlmstzatoz . '

~——an

e 2. List and brleﬂy define the three components of the decision’ context‘
N / , -

Component : I .

e P
R
R,

[ R
~.

/ .

3; . Suppose that you are .a ,school supermtendent. Your, ‘school board has ]ust
" . adopted the policy that all children should have. at least 18 weeks of career"
.- . .education by the" time they reach the séventh- grade. Only grades 4,5,6.are
. .to /be mvolved and the sum of '$50,000 has been allocated. - You have the :
freedom to assxgn any number of teachers for any numbeér of hours and to hire. :
-, 88 many consultants as necessary provided you do not exceed the authorized -
. axrmunt ,
L '\I'he sum of $50,000 is:

Y

n\ ) - :
, W need

"7 b., a constraint
. none of these . : Lo a2
d. 'a controllable variatle L ' -'

. II. The \ umber of teachers asmg'ned is:

~ T T

‘b, a perceived need
€. a constraint
d.” none\of these

a. a Entrouable variable

128
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. To develop a plan for career education in the upper elementary grades is:’

a. none of these :

b. a controllable variable ' : | €
¢. constraint )
"d. a perceived need

4, j A decision strategy is:
a. the process by which a- decision is made

b. a-problem for which a decision is needed ,
c.' the choice .between a number of options _ ’ ,
d. the process of implementmw a decision

5. The, four components-of a decision strategy are: ‘ !

a. perceived need copstt'amts, controllable varlables, generation of
possible solutlons
. b. analysis ‘of the decision context, decision on criteria for the best
: - " .solution, perceiving the appropriate nced, testmg posslblehsolutxons
o against criteria for best solution
c. analysts of the decision context, decision on criteria for the best

S solution, generation of possible solutlons, testmg possible solutions
-+ -against criteria for best solution ¢
' d. finding controllable variables, decision on Crltérlﬂ for the best - &

-« solution, géneration of possible solutions, testmg pos>1b1e solutlons
against crlteria for best solution -

6. A payoff is:

‘ a. the situation which requires a decision
!‘ b. the process of making a decision
c. a decision with respect to a specme contc*d: ¢ ,
d. the result of a spec1f1c decision L ’ S

7. Suppose that you have the responSIblhty for constructmg,the school district's
- budget for the next fiscal' year. You have avajlablc to you a full-time secretary,
all previous years' budgets and budget-estimates from each of your district's
schools., The most 1mportant payoff of decision making:in this case is:

a. budget length - a
b. time '
c. money . ' .

d. line item costs ’ 138 )
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9,

. . N - [T - ’ :
: , . “w e
. , . ) v

. 7
is a set of powerful

decision strategies for large and .

-.complex administrative problems. : o o ~
'a. operations research T |
b. lnear®programming: - . R
¢.  mathematical modeling - ST e ;
d. quéueing theory ' . - e LT e v
List four .imbd\rtantfoperatidns research techniques and match them With
. administrative applications for which they are most useful (Any operations
research technigue may be gpplicable to more than one préblem). : B
o"va. o plannin'g‘ and analyzing project sté.ges
b. - - analyzing wailting line problems .
c. ) ' analyzing .a working model of the decision conteixt:
d. ' problems in which the constraifits and payqff can..
. : - 'be stated mathematically h o
. " problems involving service facilities _—
> b
- : N
N
! 3 ,-"« :
1 ) ) % '
N « ([
o ~ 1 r\\ N . ¥
. S . .
. , -~ 3
' —
) ~ v - A -
' L.
y -
' : o
> ‘ N .4
: - - 130 :
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10, A Eroject is- | . ) ‘ i J‘ )

"a.op‘m

: A , o W L
11. An action or/set of actions d?i/gned to attain a specificigoal is:

(. . / , . 7 ) .
- ' ;T an/activity : S s
> b. an event ' S o
‘ c.. A project. IR _ K
d. #a network o . - i
/ ~ : ' o Ty .

12, An event

. is a set of large and compléx activities

a
b, marks only the beg'inning of an activity: ~
c. has a definite duration of time |
» d: marks the. beginning or ending of an act1v1ty
A diagram which depicts a project as a set of relatio hlpS
by arrows and circles is- -
? . . . - . N s
a a, a tree diagram
b. a network _ : . |
.+ . c. a project layout o o .
d. .a project picture. ' .
~ L S . . - . '
.14 ‘Which of the fdur listed below is not a use of dummy activities: 7 T
: o, a T
1. Indicating activity precedence without inter‘vemng activities. - ‘ -
11, *[ndicating the precedence of activities when two act1v1ties -begin w1th the
.same event, ) "
I1I., Providing single starting and termmation events for pro;ects with multiple
i starts or finishes. -

IV, Eliminating the possibility that two act1v1t1es W 111 start and end’ w1th the
18ame events, - . :

2.~ v e ~

b, I , . 140 S &
C. II . - - . P “ s 3 131
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15 Match the following words with their definitions: - o
, - % "
.‘ »_____Earliest start ¢ a, earhest latest star“t of all 1mmed1ate successors
Latest start b.” earhestifuush of all immediate predecessqrs '
Earhest finish c. latest fm1sh - ‘slack time. _ B
Latest finish d. earliest'start time, + duration of . activa
Slack time - e. latest finish - duratLon of activity .- h
- e . . f. latest start time - earliest start time -
- ) ‘.. o ) : , . ) . : c - T .- : .

“16. - Construct a‘PERT/CP,M network frém the. information given below. Identify
each act1v1ty arrow by its number. .

hd . — B : "

o Activigz R Piredecessorgs),
2 - . ; - | ‘ .
3 ) o« 3 g N "-.~ 4,‘
4 J 1,2,3 . :
* 5 ! 1, 2,3 - - : . -'
P 6 , I ‘5 » . / .
i - . B 7 | 456 ° S
ke : % -/ . h } 3
. ] |
B .
. ‘ \ \ . .
v TN ’
i . - .
P! . L i

~17.7 The Cr1t1cal Path in a PERT/CPM net\?/ork is the path which; 4
' a. has the least amount of slack | J ) ) | ‘
 b.. has the greatest amount of slack
. c. is the shortest path through the network . .
{ " d. contains tHe most activities . i
) | . 132
. 141, |
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18. Below is a PERT/CPM Network

: o L

b

L)

s . M T W T F s -
1 2 3 4 5
-6 T 8 9 10 11- 12 -
131415 ‘16 17 18 19
20 21 22 23 24 25 26
~ .o~ 27 28 29 3031 '

19; hich dates are the Earliest Start and Latest Finish dates for the

- ove project’ if the project may not begin hefore May 7 and must be
fmished by May 18. (Assume a five day work week)

a May 7, 14 - ' /
b. May. 11,18 - :
¢... May 7,18 / _ i o
d. May 9,16 - L AR PN

-

-

i '20. If aetunty 7 took 2 weeks and was preceded by activities 5 and 2, the
corredt DATA statement for program GCPATH would ‘be:

g

a. 2000. DATA. Ty 14c5 2
b. 2000,DATA 7,2,-1
c. ’ . -
d. , '
. ' ) . e
A ~ 142 183




21. Below is a _sample oﬁ'tpu't'.:from program GCPATH

Jur T

[y ‘/
zAﬁur;sr COMPLETIBN TIME FOR THE ENTIRE PROJECT = [S.5
 amLiEsT " LaTEST g .
J@B  START FINI H START _FINISH SLACK .
' _ - e o s - o s 0 *CPs
X ] a 5.5 8.8 3]
3. e~ 10 8.5 10.5 .5 P
a” o 1 10.5 1.8 .5
s L n . s Ll o #CPs
K s 1 il.s 1 1.5 0 sCPe
7 1.8 12,5 12.5 . 13.8 ‘o .
8 12.5 . 1a.s 13.5 15.8 1 ; .
PR 1.5 155 1.8 15.5 ) *CPs .
S . . " . .
- DaNE o \
, I. Which path {s the Critical Path?
A : , :
; a. 1,5,6,9 ‘
, b." 1,2,3,4,7,8 R
c. 1,2,3,4,9 .
d. 1,5,6,7,8
II.. What is the Earliest Start, Latest Finish and Slack Time for .
Actlvity 4? © - RV N
a. 10,11:5,.5 )
- % - i b. 10’15.5’ .5‘ .
Y. 10,11,.5 - : - o
d. "10.5,11.5,.5 - '
22. " List 5 educational appllcatiE;ns of PERT/CPM
. . a.
¥ .. b, .
‘ P ) .
i .
- Y M . ~
—_ \ C'-‘ _ n ’ .
f - -
d. / /
. , ,L
- 4
e. . '
O 2 1A Q 134 R




23. PERT/CPM is a useful communiéations tnel hecauses _ )
S ) Vi
La. it tells the activity supermSor exactly v\h'u he must do. - o
b, it displays a project with complex melanonsmps of actwmes in a
sunple and direct manner.. 5, o,

c. it informs the manager of his man: lgement 1espons1b1ht1es =

d. it provides a picture of the project as a set of declslon events in
a s1mple and direct manner. . o < N

€ Fo- RN

school census, You have analyzed this project using PERT/CPM .Y
) ~ analysis tells you that the. Critical Path is 7 months long. ''t.is now .\\ .
S - April 1, 1973, -Your Survey must be finished by August -1, 1974, Which &
- is" the latest period in Whlch you can initiate the project? 2

\ 24, ’Sunpose that.you are a school district superintendent "You are- plai 1ng a f-'

oo g, Apnl 1, 1973 to Apnl 30, °1973 -
: b. October 1, 1973 to July 31, 1974 L .
c. September 1, 1973 to September 15, 1973 ; o

d. -April 1, 1973 to September.-30, 1973
25." Give a reason based on PERT/CPM for 5-011£" aniwer: .

"o ) A
[

0
L @

!

26, Give one advantage and one d1sadvantage of PE Rr ‘CPM:

Advantage:

oy

Disadvantage: : R

R , R 135




’. -'- N ¢ “ m: ,/' R -~ R .
' (last 4 digitsgof your SSno.)

tor . .- * N . ) .»a
. : . . o
‘ :
’ . Date: .
R P '
+
. For each applicable item circle the letter of the
- : best answer. . :
| L
—:?- 2.
Forms: -II.R -
/ [ . A
N o ’ -
o‘\\ ¥ )

N
N
~ \ \ °
.
N4
X -
Iy
\ - Py R
2 . L "
- . .
. N LY . 4
R . 3
v ' .‘r\‘ ’ 7 ~
- \
B
H “
. ’ - =
.
*® N .
- - o
-~
- > - - z -
’
- .
N : . 1
, - . '—// ’
<
. i .
c - < - ~
c
2. LY
a i 1
a ~

S
N
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Aruitoxt provided by Eic:
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.~ _a, -decision contd
" 'b. perceived neéd
c. decision strateg
~d. constraints

2. List and briefly define the ti
" . Component

1 "‘." D, - A\

e
¢
+
_,/’ﬁ-"‘
L]
L]

. - R | " Din. ‘
. ° ey C B n -
- o™ N ] IS
) U )
.
/———.—’\ °
.7 ) ’ ) - . ' ‘ LR

3. Suppose that you are an assistant. supemntendent. You have been a551gned
the task of establishing a busmg program which will result.in racial ba-lance
w1thm your school sYstem. Your district has allocated t;lOO 000 for- bus%g

A using its fleet of 75 buses. You may adjust the number +of” ‘students on.dgy

e LT bus, the route any bus w111 follow and the school or schools to ‘which it RS

delivers, - The pldn is. to be ready to use at the beomnmg of school thls fall

# Vgt E ; e .
-~ . - . . L The school or s‘chogls to which a bu_s deliv‘érs is: A
' o ) R S - ,
. a. noge of these . .- _ .
: ) P . ,
. - - b. "a-comstraint ; : o i‘ A o
. . ¢ a perceived need T . I : —
Lo e d. a controllable varlable - ‘ . ' (\ I
IL Toestablish a busing .,br'ogra'xh is . o o .
e a. a controllable varlable s : . ‘ S .
) b.” perceived need- . ' 1 N . J
. _ ~ c. none of these. N T ‘
T __°. d. a constraint. : -
. o 146 . o
. " . o - J 13°7
S ] " 3




I, The 75 buses in the school district fleet 'repr.esent:“;

L4 A - - -t P

a. a perc_eoi’ved need _
. b.- a controllable variable - '
c. a comstraint . - - , '
¢ d. none of these ' ‘ :

\ : . « *

4. ‘The. process by whxch the admlmstrator makes a decision w1th respect to

ey the decision context: is the: - - B
. a. perceived need I L ‘
. . b, decision’ confext ’ , o .
. . - c. analysis of the decxslon context - ) ;o o
SN d. decision strategy ' ’
5 The followmg four activitjes ' C - . .
v o analysis of the ‘decision context , ' i
) o decision on-criteria for'best solution v" . . .. "
- et e generation of possible solutions T -
: e testing of possxbte solutlons agamst cntena for best solution K
" .- _..  are compguents of the e _{ : |
= \ T als decision” strategy e o o ) - .\_'
: ) _ ‘b. controllable variables .., .- - B L.
e “c. decision.context = . - . : . e
. ' d. decisxon variables _ . o .
* oo ‘ S | . o | :
. 6. The result or outcome of a specific decision is _ - } t
a. a_;decisidn context - - ! .
L b. a payoff L S s
* ' e. . what happens - ' : :
i d. a decision strategy - RN
o I ' - : e .
~7 Suppose that you are re%onslble for choosing a new readmg series [for the
-element schoofs in your district. The decxslon must-be made by the sprmg
of . this year and you have been a.uocated $25 000. What is the mosxt 1mportan
payoff for this decision? SRR ‘
. B .- ...:.. ‘e - f . = \ . : . .\! '. . .
- L a readx'ng achievement g e S SR
b, - total“time to prepare ° e ' = . >
‘¢, -number- of “tfxts , S . )
.d.” manhours used Lo e - T
1 . :
_ : 147 138 .
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e

‘\ S ¥ Operat;ons Research i_s ( - e c
N

S~
a. a metbod for the scmytlﬁc study of manavemént or admlmstrative
, functions Lo ,

. _b {method of research deswneH to study business operations ' !
C i c, set of ‘powerful decision contexts for large and complex
: -~ adthinistrative problems bos : SRR
-, .d. asetof powerful decisionstrategies for large and complex . 4

/admimstranve problems e S

[l . . ..f\_,-,

9 List fgur 1mp0rtant operations r‘esearch techmquos and match them with
- administrative: applicatlons for\which thev are most- -useful (any operat1oﬁs

research techmque may ap 1cab1e to” rnore thap one problem) :
-« N ] M
. - a, ‘L - _____planning and analyzing‘pro ot sta.ges'
: < b. - . - _____analyzing wg,ltmg line proble _
’ c. L analyzmg a x\orkmg mode}of the decision context
.4, ] : probfems in which-the constraints and payoff can:
L ' .-'  can be stated mathematlcally e
T problems involving service facilities .
. - 3 . » - . : o f

.,
- e

- . o { . V3R
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.- IR
- . A

» a - A ~

.

10 A complex organizational unit which involves a set of finite related actions

and reduires a. mix of hurhan and mater),al resources is: . o P
a. an activity. o T Lo =
b. a project . e '
| .c. -a set of events . . _ L . T
K .d. “an event e ' o N RN
LT ’ ’ . . . . - \\u 3 )
n . ¥ ‘ : o . ‘ .« , .- B _
11 An acti gg is o ‘ o v ‘ ~/..;;~ .
g - - . " . . .’ I LR
“ : _' . \\
S 'a-. -_-{_an ‘action 'or set of ‘actions designed to, attain a goal N T
b, a set of complex and Anterrelated actions . 9 e -

e a complex organizational unit which- requires a mix. of human an

material resources: . , 1
. d.. the beginning or endmg of a set of actions
- 12. That which marks the beginning or ending of an activity is: .
- a. a time _ ' S ﬁ" . : ‘ f\
. .b. a prOject B Lt . ] o : .. . .
Y ~c. "an event - e ) -’ L
_\ ". d. a network - - e ) L R
13‘ A network }s a diagram whlch depicts ‘ - L s
. 3 < . I} .
a. a project ‘as a_set of 1nterrelated events by means of arrows
b. an activity as a set of interrelated events by means’ of arrows
c. an ev%nt as a set of interrelated actn‘ntie by means of circles and
arrows
d. a project as a set of 1nterre1ated actwmes by means \of c1rc1es and
. arrows - . . g ..
P N 4 . B ) Co ’ ' ' " ' o
S o . ) : . e
< ) )
) -
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L 14,
v, e I.
o II.
-'i-_v . @
. ' . IIIO
- Y VI.

Y

1

'15.

" ’ ‘
L.
L.
T L
IV
\ .
V.

/

O

ERIC" -~ ~

Aruitoxt provided by Eic:

‘Which three,of these listed ‘

In eaeh of the following items choose the term which r

a. earliest start A

" b. earliest finish - . . .

c. latest start ’ LT, : IR

d. 'latest fi-nish R o e

_Latest start time - earliest start tlme . T
.avz. slack time - R ' e e
. b.- earliest start ) o

c.. latest start - B .o

d. - latest finish , <

Latest finish ~ duration’of the actmty o L

a, ‘earliest stdrt ‘ : : U
.b. -earliest finjsh - ' o T e
. C. latedy start = © _ . - A |

d. slack time

N @ 4
C - .

. : '.,..,

elow are the uses oi a, dummy‘ actlvity

,

Indlcating the precedence of activmes when two activitles epd'

with the same event, e
Ellminatlng the possibillty that two activities will start and e,d
with the same events, - S »*

1 dicating activity. preuedence without mtervening actlvitles.
Provldmg single starting and termination events. for. projects

with multiple- sta):.trs».and/or fmishes. S e
. a- I’ II,III ' .‘,..0.‘ - . » _'";cy"
b. I,II,IV . L S
c. I,III,IV S . .
t4. .1u,Im,iv Lo . .

Tu

¢ Earllest start time and duration Ofr the’actlvlty
a. earliest start ., . o
b. earliest finish ) : o
_c. slack iime ‘ L .
d. - late.st start =, I ,
AT Y.

Earliest latest starf of all vnmediate predecessors

a, slack time Lo ®
b. earliest finish o e .

c. ‘latest. start - - “ A L

d. . latest finish : ) _ 7\

Earliest finish: of ail immedivate predecessors




ILp

16.  Construct a PERT/CPM network from the information given below. Identify
each activity arrow by its number.

Activi_t_y . Predecessors

*oo-qc:m.bcomr-a
[SAS AT T VO 0 R o ]

.
v
Y
s

17. The longest path thx:oﬁgh the network in terms of time is: .

a. the path vi(/ith the most activities
b. the path with the fewest activities
c. the gritical path ,

d. thp"most slack path

/
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18. Below is a PERT/CPM network

3 [3.0:9.0]
6.0[4.0;10.0)

@1[0.0;3.01;
3.0[1.0;4.0]'

6[6.0;6.5)
:5[8.0;8.5]

I.  Which of the paths below is the Critical Path?

a. 1,2,5 R
b. 1,3

c. 1,%,6,7

d. 41,3,6,7

I1. Below is a calepdar for the month of Se_ﬁtember

N _ , S M T W T F. §
T ) 1 2
8 4 5 6 7 8 9

10 11 12 13 14 15 716

17 18 19 20 21 22 23

.24 25 26 27 28 29 30

If the above project must start by Sept. 18 and be finished by
Sept. 29 its Earliest Start and Latest Finish times are:.

Sept. 20,29
- Sept. 18,29
~ Sept. 18,28 -
Sept. 19,29

53-0 o P

19. If activity 14 takes 3 days to complete and is preceded by activities 13,
9, 5, the correct DATA statement for program GCPATH would be:

a. '2000 DATA 14,3,18,9,5, -1
\ b. 2000 DATA 14,3,13,9,5

c. 2000 DATA 14,13,9,5,3

d. 20“00 DATA 14,13,9,5,3, -1
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20.. ‘Below is a sample output fron: program GCPATH _ 4 )
ERRL!EST CaMPLETION TIHE F2R THE ENTIREZ PROJECT = 2§ R (
. E,\RLIEST LATEST .
JGB START F1:41SH ) START FI?H.SN SLACK
P 3 T a T
g (3) ; 3 § tl) +CPa
4 3 S 3 S o «CPe
5 5 13 5 - 13 o «CPe
e 13 19 13 .19 0 ~CPa
] 1y T~ 23 . 19 23 0 scPe
8 ' 23 uv25 23 ¢ 25 . o] *CPe Y
9 19 22 22 25 3
1e 19 19.3 N 24-? 25 Se7
I. Which path is the Critical Path? . i
a. 1,2,5,6,7,8 o .
b. 1,2,5,6,9 i :
c. 3,4,5,6,7,8
d. .3,4,5,6,9

. N g
v * ) ’ ()

1. What is the Earliest Start, Latest Finish and~Slack Time for activity 4.

[ = 2]
W oW

21.- List 5 educational applicatiofs of PERT/CPM

a.
+ K
. / il
b.
?
“C.
v
d. ,
=
- N\
N
N \ T
g

o . 144
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Because PERF/CPM dlsplays a project - with complex mterrelatmnshms of
activities in a simple and direct manner it is a useful:

communication tool

decision-implementing tool o ~
project monitoring tool

project evaluation tool

a0 T

) 23. Suppose that you are an assistantAsupe'rintendent of a large school district.
You have the responsibility to make enrollment predictions for the néxt five
years. Using PERT/CPM you have analyzed this project and found that your
critical path is 3 months long. It is now July 1, 1973 and the project must
be completed by May 1, 1974. How long can you delay the starting of this
project and still finish safely? )

N _ .1
September 1, 1973 . : \ .

-March 1,1974 . o
October 1, 1973 i .
. February 1, 1974° '

ap TP

A y,
24. Give a reason based on PERT/CPM for your.answer. ' .

A

25. Give one advantage and one disadvantage of PERT/CPM:

. -Advantage: L

L

‘Disadvantage:

o
f] .
=
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1., A decision context is:

a. a choice between two different options

b. the administrator's environiment

c. a problem for which a decision is needed

d. the school'district of the administrator . - -

2. List and briefly define the three componenté of the decision context. :

Component
1 Dfn:
v .
2 Dfn: B
3 Dfn:

’

3. Suppose that you are a.school superintendent. Your school board has just -
adopted the policy that all children should have at least 18 weeks of career
education by the time they reach the seventh grade. Only grades 4,5,6 are
to be involved and the sum of $50,000 has been allocated. Yeu have the
freedom to assign any number of teachers for any number of hours and to hire’"

as many consultants as-necessary provide J you do not exceed the authorized
- amount, - ‘ I ’ :

I. The sum of $50, 000 is:

a.. a perceived need = - ' - '
b. a constraint B '

¢. none of these - = |

d. a controllable variable

II. The number of teachers assigned is:

a. acontrollable variable
b, 4 perceived need
Cc. a constraint

d. none of these

147
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~III. To develop a plan for career education in the upper elementary grades is:

a. none of these - ‘ . o -
- b. a controllable variable ‘
c. constraint - T
. d.  a perceived need

‘4, A'decision strategy -is: | _ . e

. a. the process by which a decision is made

- b.  a problem for which a decision is needed
~ c. - the choice between a number of options
d. the process of implementing'a decision

.

5. The four components of a decisién strategy are:

a. perceived need, constramts, controllable varxables, generatlon of
' possible solutions. '
b, ana1y51s of the deCISLon context, dec151on on criteria for the best
v solution, perceiving the appropriate need testing possible sol_utious
- o . against criteria for best solution
c. . analysis of the decision context, decision on criteria for the best
*  solution, generation of possible solutions, testmg possible solutlous '
against criteria for best solution :
d. finding controllable variables, decision on cntcua for the best(,‘
solution, generation of possible solutions,. testmg possible solutions  *
against criteria for best solution » . .

6. A Eazoff is:

-

a. the sjtuation which requires a dec151on\
b. the process of making a decision
c. a-decision.with respect to a specific context

d. the result of a specific decision ‘ N
e

. 7.  Suppose that you have the responsibility for constructing the school district's
budget for the next fiscal year. You have available to you a full-time secretary,
allprevious years' hudgets and budget estimates from each of your district!s )
'schools. The most important payoff of deci$ion making in this case is:

A

¢

¢

a. budget length = _ , ~
b. time . _ .~ : . _ .
¢c. money ‘ : ' : - )
d. - line item costs
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8. . —— 13 a set of powerful decision strategiés for’'large and
complex administrative problems. | '

a. operations research

b. linear programming

¢.- mathematical modeling :
d.

queueing theory

9. List four importént operations research techniques and match them with
administrative applications for which they are most useful (Any operations .
research technique may be applicable to more than one problem).

a, ' . plénnihg -and analyzing prdjéct_ stages

b. analyzing waiting line problems .
>\ ) c. - analyzing a working model of the decision context
S d. B __problems in which the constraints and payoff can

. be stated mathematically _
problems involving senvice facilities

3

R
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10. A constraint is:. ' .
| i - i . . A ) o .-
- a. a quantity that we wish to either maximize or minimize

the measure of how successful we are al: either max[m1z1ng or
mmimlztng

c. ::@a restricl:lon on one or several controllable varlables
~d. a direct restricl:lon on the measure of effectiveness

i b.

1i. A varlable whose value can bé manipulated in order to’ gel: an optimum "~
: result Is: _ ’ .
* “a. a controllable variahle
b. ah optimized variable
c. a measure of effectiveness

; d. a constraint- ' . b

12.  An object function Is: , ‘

- ©. . a. a restrlction on one or more controllable variables _

7 o -b. a mathematical expression of the measure of effectiveness
; c. the quantity we want to either maximize or minimize -
: d. a m'athematical exp‘ression of the problem’s constraints

: i \

13. The quantity which we;wish to either maxinuze or mmhmze in a lmear

programming problem is: . é .

a. . an object functior - .
b. a controliable variable
C. a constraint
d: measure of effectiveness
14. '/-Suppose that you are responsible for deciding how many reading books to buy
for the first grades In your district.. You bave decided on purchasing two’
series---series’ A and serles B. (t; is the total number of series A books,
: -tonls the total number of series B books) Series A books costs $2.50 each
e and ‘last for 2 years. Series B books Cost $4.95 each and last 4.5 years.
You have $5,000 to spend and you must purchase at least 100 of each serles.
The goal ls to purchase the hooks .so that they last the ma.xunum amount of time.
_Del:ermme ‘the following for this problem:

- —

_-/ .

v

. Controllable variables:'

. 11. Constraints:

-~
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I. iject Fuﬁction: . » 3

15. Which of the sta.temvnts ‘below describes the relationship between a fea51ble
solutlon and an p_{ 1 solution? -

-

S ' 5 2 the opumal' solution is the best of :ll feasible solutions

I4

N b. the feasib}e solution is the best of all optimal solutions

c. a feasible solution sai;t:ies all the constraints wkile the optimal
volutlon does not.

" d. ~ there may be a great many optimal solutions .but only one feasible
solution. - )

) .
i ! - s 7

/ ~ 16% -List the seven stéps necessary in solving a linear programming problem:

v’ . . ~

17. Below is 2 model for a linear programming problem. Write down the DATA
statements in the correct order for using the computer program LINPRG.

’

Obfject function: Tty + 5.3tp = C.

Constraints: t; > 50
‘ ty < 30 _
3000 t + 5000 t, < 20,000

L
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18. Below is an ouiput listing from the program LINPRG.

LINPRG
e LINEAR PROGRAMMING =

HAVE YQU ENTERED Y@UR DATA STATEMEMTS?
’ . (YES=*[*, NO@=‘0")
1

1F ‘MAXIMIZING THE OBJECT FUNCTION, TYPE °[°:
1F MINIMIZING TKE IBYECT FUNCTLIE@N, TYPE °*-1°.
1

-
‘l ) - . NUMBER @F CONSTRAINTS? ' . - '
: : 2

MUMBER @F VARIABLES? : A \\\”
12 - ‘

NUMBER OF LESS-THAN COMSTRAINTS?
PRV H L. :

NUMBER oF EQUALITY CBNSTRAINTS? )

20

NUMBER OF ‘GREATER-THAN CGNSTFAIHTS’
72

[T YT PR IT ISR IR RS RS TR ILRS R R AR A R R A R R 2 L2 0 -

» C ANSVERS:
© THE MAXIMUM VALUE OF THE @BJECT FUNCTION IS 556.a
THIS BCCURS WHENa
VARIABLE ! = 13.0a
. VARIABLE 2 «- g

ANY VARIABLES NGT LISTED HAVE VALUE 0 , '

DENE . ' . ‘
Object function: 35t; + 25t, = C ‘ -
.. Constraints: ty < 22; t2 > 43 $500t1 + 8370ty < 38000 -

oty represents the number of Type IA science centers ($500@) and -
, to represents the number of Type ‘B science centers -($370@). The
- object function attempts to maximize the number of chiildren served
\ by science centers, ) . :
i‘.. How many Type A centers should be purchased?
II. How many Type B centers should be purchased?
. How many children will be served by these centers?

19. Linear bmgramming {s primarily useful in dealing with problems where:

. one is able to quantify the varlables involved in the problem
resources are allocated so as to optimize some result
resources are allocated so as to maximize some qua.ntlty

resources arr gllocated so as to minimize some quantity

b6 ow
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20.

-

21.

22.

23.

Which of the following alternatives represent two reasons why the technique
of linear programming has onlv recently been used in educatlcn- X

a. Important educa.tional variables are’ difficult to quantify.
Linear programming is applicable to only a small number of
educational problems.

'b. Linear programming was developed only recently.
. been much time to Q;:relop educational applications.

c. The necessary mathematicians and computers are not generally
available to educators. It is necessary to bhave speclalized
tra to use linear programmmg

d. _Bmportant educational variables are difficult to quantify. Few

°  educators are aware -of the existence of linear programming.

" There has not

List five typical resources to be allocated in. educational problems.

a. -
b : - i ey .
- - '
c. -r)' *
. N _
d. - <
e. , : ) e

L4

Which of the following four ls ot an advantage of using the technique of linear

programming in solving problems in educational admlmstratl&'>

LY

a. provides fast answers at little cost
-~ b. provides a rational basis for decision making
c. provides a method for quantifying goals.
d. provides a means for simujating changes and observmg the results

Which of the following is a disadvantage of using the technique of llnear
programming ?
~a, linear prog'ramming provides data but does not make decisions
b. the technique is too sophisticated to use for educational probléms
c. it requires mathematical sophistication to use the technique
d. linear programming often does not provide a best answer °
: : - o
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1. The situation which creates the need for a. decision is’the: -
-a, decision context - o7 .. o

b. perceived need
c. decision strategy

. d. . constraints
2. List and bneﬂy defme the three componeuts oi the decision context.
Component . ’ T T . ‘
1 *  Din. . ) ) —
) . . 3 I —
2 | Dfn. - |

. L.
. . t

3. Suppose that. you are an assistant supemntendent You have been as#lgned

the task of estabhshmcr a busing program which will result in racial balance

. w1thin your school system. Your district has allocated $100,06¢ for: busing

: . using its fleet.of 75 buses. You may adjust the number of stu.dents qn any .
bus, the route any bus will follow and the school or schools to \vhlch ﬁ

dehvers. ~ The plan is to be ready to use at the hegmmng of school th f\all

¢

¢

1. '.The school‘or schools to’ which a bus delivers’ iss

, a. none of these = = - . Lo
. b. a constraint = = - ) , -
C.» a perceived need o N
# -+ " d. "a controllable variables Ve

1. To establish a busing program is
a. a controllable va_nable: ‘ .
" L. perceived -need o o -
‘ . ¢.- none of these - -
. . " "d..a constraint v1464
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1. 4The 75 buses in_the school district fleet represent:
. a. a perceived need
‘b, " a controllable variable
c. a constraint
; d. none of these
/ _ ) ' v

; 4. The process by whxch the administrator makes a declslxon with respect to
) ‘the decision context is the:

/‘ , . a. p'erceive“d need ' R T R - e
i b. decision context _ . '
‘c. analysis of the decision context
. d. decision strategy
5. The following four activities ) .
e analysis of the decision context
. e decision on criteria for best solution
N e -generation of possible solutions ~
e ‘testing of possibie solutions against criteria for best soluvtion
are components of the '
e, * deciston strategy - : . ' e
b, controllable, variables ) ' B . '
c. - decision context . _ o '
d. decision variables . C , S .
6. The result or outcorﬁ'e":v'_“of a spe-cific décision-is ‘
~a. a decision - context _ A f,_,,-—
b. a payoff ' '
¢. what happens _ , _ _,
d.‘ a decision strategy a . ,

7.’ Suppose that yoeu are responslble for choosing a-new reading series for the .
"_elementary schools in your district.. The decision must _be_made | y_them
/” of this year-and you have been allocated. $25, 000, What is ‘the- most meorfant

! payoff for this decision? ) ‘ C / S 2‘1
a, - readlng achicvement ) / .
b, total time to prepare
¢, pumber of texts ) " ‘ .

d. manhours used

o o 165 Bl
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8. Operations Research is

©oa. a@ethod for the scientific study of management or admmxstrative
\b- functions.
a method of research designed to study business operations .
c.. a set of powerful decision contexts for large and cosmplex . b
administrative problems

a set of powerful decision strategies for large and comple\:
administrative problems

I

d.‘

. : o)

-9, List four important operations research techniques and match them with
administrative applications for which they are most useful (any operations
research technique may be applicable to more than one problem),

4
a. : planning and analyzing project stages . '
b. analyzing waltmg lme problems : - .
c. - o analyzing a workm*r model of the decision context
d. ' problems in Whl(‘l} the constraints and payoff can

can be stated mathematically
problems involving service facilities
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10. A restriction on one or more controllable variables is:
a. a controllable variable 7
b. -a measure of effectiveness
c. an object funciion
d. a constraint

11. A controllable variable is: o \

a. a quantity we wish to either maximizc or minimize .

b, a v/.arlable which can be manipulated in order to get an optimum -
result ) S . ' ) . ) .

c. a mathematical expression of the restrictions on- certain variables

d. the mathematical expression for the measure of affectiveness

12. A mathematical expressiop of the measure of effectiveness is: ;

the object function .

. @ controllable variable
~a constraint

an optimizer

oo o

13.. The measure' of effectiveness is:
. a. the quantity we wish to éither maximize or minimize.
" b. .a variable which can be ﬂirectly manipulated.
c. )
d.

a restriction on one or more controllable variables. L
‘a mathematical expression for the: controltablie variables. .

14. "Suppose that irou are responsible for deciding how many sclence cénters to
"~ buy for your new school. You. have a choice of two types S, Z. Type S
- costs $750 and serves 20 students. Type Z costs $475 and serves 25 )
children. (t; s the total number of type S centers; ty is the total number ..
of type Z centers) You have $10,000 to spend and you. wish to maximize
the number of children served. You must buy at least 3 of each type’:

Determine the following for this problem:

s ! . I‘ . ) ’ d
I. Controllable variables: '

II. Constraints:

o . ~ . . 158
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I1T, Object Function : ,
/
15. The solution is : of all / - golutions.

- 4
NV
a.. feasible, the best, optimal N

b. optimal, one,feasible .
c. optimal, the best, feasible
d. feasible, one, optimal

+ 16. List the seven steps necessary in solvihg a linear programming problem.

fal

& o . ’ i

>

17 Béfoui is a model for a linear programming problem. Write down the DATA T
statements in the correct order for using the computer program LINPRG

Ob,iect-mdctiqn: eotl + 75!:2 = C i
N Constraints: 5t, + 3ty = 250

t1 < 30
to . > 50

v 4]

.//","/, | | . 16 2 | : : ‘/,,-"’_
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18. Below Is the listing for a linear programming problem solved by the corﬁputer_
program LINPRG.

LINPRG
& LINEAR PRBGRAMMING =

HAVE YoU EMTERED YOUR DATA STATEIMENTS? )
(YESm*1*, NO=*Q°*) .

t n !
IF MAXIMIZING THE OBJECT FUNCTION, TYPE *1°;
;i MINIMIZING THE OBJECT FUNCTION, TYPE °*~1°.

. - .
NUMSER @F COBNSTRAINTS?.
13

NUMBER OF VARIABLES?
12

" NUMBER QF LESS-THAN CONSTRAINTS?
1 . . ’ [

NUMBER @F EQUALITY C@MSTRAINTS?
10

NUMBER @F GREATER-THAN CONSTRAINTS?

12
[

(LTI TR IR L LI Y P P P Y PA RS PP SNY Y O

’ ANSVERSt ) L

THE MAXIMNUM VALUE OF THE @BJECT FUNCTIBN IS 1243.02
THIS BCCURS WHEN!:

VARIABLE [ I = 50

VARIABLE 2 = 584.21})

ANY UAK!ABLE5~NGT LISTED HAVE VALUE 0

DONE -

@

Object function: 1.5t1 + 2ty .= L L

" Constralnts: ty > 50, t2 >'75, $4.50 t; + $4.75 ty < 3000
o t; represents the number of te*{tbook S (34.50 @) and tg
J represents the number of textbook Z ($4. 75 @).  The
" object function attempts to maximize the cumulative length
of time that the textbooks will last
I. How many S textbooks should be purchased'>
L . 1. How many Z textbooks should be purchased?, |
' 1. What Is the cumulative length of time the textbooks will last?- =

%,
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19. Linear programming is useful for solving problems in which |
are allocaied so as to som2 result. \

a. quantities, maximize ’
b. resources, minimize : “
c. quantities, maximize '

. ) d. resources, optimize

20. Which of the following choices.give two valld reasons why linear programming

is presently used so littie in education:- o
. 5

a. TImportdht educational variable are dlff‘lcult to express numerically. .
It is necessary to have specialized training to use linear programmln
It is difficult to- express important ‘educational variables numerically;
Few educators are aware of the existence of linear programming.
c. There has not been much time to develop educational "applications., .
It is necessary to have specialized training to use linear progra.mmlng
d. The necessary mathematicians and" computer are not generally

available to educators. Linear programmmg was developed only
-recently.

21. List five typical resources to be allocated in educational problems.

\W b R

d.__ ' S .

e,

e
e e .
"_A"q‘..‘,g(;-.:-?v:-'—r.:a RS S o) - PR R IS S Th AT ISR -

22. - List five measures .of '_g_ffecti\.reness 'in educational proﬁlems;

a,

b.

161




23. Which of the following four is not an advantage of using the techriique of linear
programming in solving problems in educational administration? : :

provides the criteria for decision making. ' ‘
encourages identification of goals
provides a’ format for systematic analysis of a problem

provides fast answers at. little .cost _ R

[o W e B« i -V}

24. Which- of the following four is a dlsadvantage of using the technique of lmear
programming.

2, the technique is too sophisticated to use for educational problems

b. the technique is slow and costly t6-use

c. It Is necessary to be sophisticated mathematlcally to use Linear
Programming’

d. Many real-world situations are difficult to formulate mathematically
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1. A decision context is:

a, a choice between twq different options

b. the administrator's environment

c. a problem for whjch a’ decision is needed
d. the. school district of the administrator

2. List and br iefly define the three components of the dec151on context "

Component ' ‘ . : | o
1 Dfn:
2 Dfn: ’ L
. - 1
3 Dfn: -

3

. 3. ouppose that you are a school superintendent.. Your school board has ]ust
‘adopted the policy that all children’ should have at least 18 weeks of career
education by the time they reach the seventh grade., Only grades 4, 5 6 are
to be involved and the sum of $50,;000 has been allocated. You have the :
freedom to a#ign any number of teachers" for any number of hours and to hire -
‘as many consultants as. necessary provided you do not exceed the duthorized :
amount,

. The sum of $50,000 fs: -

“a, a perceived rneed

b. a constraint

c. none.of these L
d. a controllable variable

P

II. The number of teachers assigned is:

a a controllable variable } : L
b. a perccived need ‘

€. a constraint

d none of these

164 .
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o

III. To develop a plan for career education in the uppef elementary grades is:

a. none, of t‘ ese
b. a controllable vauable ' - ~
w c. .constraint
d. a perceived need .
4, A decision strategy is: ' 2
~a, the process by which a’decision is made
B. a problem for which a decision is needed *
c. . the choice between a'number-of options , ,
+ d. the process of 1mplementmg a dec1sxon _ -

[

‘5.  The four components of a decision strategy .are:

a. perceived need, constrambs,,controllable varzaoles, generatxon of
possible solutions : '

b.” analysis of the decision context, deci_sion on criteria for the best
solution, perceiving the appropriate  need, testing possible solutions-
against criteria for best solution

. -,.c. analysis of the decision context, decision on criteria for the best
. _ - solution, generation of possible solutlons, testing poss1b]e solutlons
¥ +agains. criteria for best solution :
T d. finding controllable v ‘iables, decision on crltema for. the best
' solution, generation of poséyble soiutions, testmg possible solutlons
against criteria-for best spfution

6. A payoff is:

a. “the situation which requires a decision

b. the process of making a decision

‘c. a decxston with respect to a spect‘t‘c r‘ontext
d. the result of _a_specific dec151on

B

| / (
7.  Suppose that you have the responsibility for constructing the school district's
"~ budget for the next fiscal year. You have available to you a full-time secretayry,
all previous years' budgets and budget estimates from each of your district's
schools, -The most}aﬂfhortant payoff of decision making in this case is:

a. budget length

b, time

c. money

d. line item costs ° ,
163
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is a set of powerful decision strategies for large and

complex administrative problems.

Q2 Q o

4

-operations research’
linear programming

mathematical modeling
queueing’ theory

-

w

9., List four important operations research techniques and  match them with !‘_
administrative applications for which they.are most useful (Any -operations

- research technique may ve applicable to more than one problem). - \
a, planning and analyzing project stages
b. analyzing waiting line._pr_oblems . 2
c. analyzing a working model of the decision context .
d. problems in which the constraints and payoff can !
: - be stated mathematically - ’
problems involving service facilities , "
E— I
L4 v' '
.‘ o -~ \'\
T . -
’ L)
) 4’ ©
N



10. Simulation is

a. making reality easier to understand ' .
b. role playing . - '

c. representing reality by using a cormputer ;
d. giving the effect or appearance of reality ‘ v e

’
<

11.  Which of the following is not a component of a simulation?

,

Object éystem . ' . _ o

a.

: b. ".Controller
. €. Model
d. Output .

12. Name two uses of simulstion in education.

a. o

13.. Which of the following is not one of the three classes of simulation? )

¢ a. computer-ccmputer
‘ b. man-model
~, All-computer
d. man-computer .

14. " which of the below is not 1 type of simulation?

a. deterministic
‘b. stochastic
c. organic .

15. Which of the folilow’mg is not a~purpose'of simulation? s ;-."

a, Copy reallty e'{actly

b. Predict future behavior of the system ) ,

c. Describe the object system. o 167
o . d. Teach about the object system.




B ' 16. When a human bemg interacts W1th a computer to prov1de mputs to. the o
) model _controlled by the computer, 1t is a . sunulatlon.
‘a. man—model " o Y o .
. b. all-computer . \ S
Cc. man-computer B : o .
MR £ corrfputer'-computer v L ‘ L )
' 17. When a simulatidn has exact rules for relating each possible inputsto a '~‘  .
specxflc \utput, the simulation’is’ © as opposed to ' - :
" oe o a. stochas‘tic-,’ de;erministic L - . ' S
i - b. deterministic, stochastic ' . Wt ‘ IR
sy c. organic, deterministi : . ' : o
i ) d. logarithmic, stochastjc_ . N ’ ’ ’
. 18.

program.' The stop that you are working on now is number 12. It is in the .
- 16th row and 2nd colur?n and there are 7 chlldren to pick up. Write the K
proper DAT. stateme’7 on‘the ‘line below. :

,
7

i
~ i

19. Beiow is the output from the BUSRUT sxmulanpn ?eéid through the listi',ng
.and answer the questions below. : '

- - ‘ .
ENTER THE 'SCHEBL CB@RDINATES, SEPARATED BY A COMMa. o ) .
THE VERTICAL CODRDINATE SHOULD BE FIRST
- 718,17, E
. . vanT 'm CHANGE BUS CAPACITIES? Yss-:.me-o . ‘ )
71 ) e
. YOU VILL BT AELE TO ENTER THE CAPACITY 6F EACH VEHICLE - .
. TYPE, WHEN ENTERING, REMEMOER TMAT TME CaMPUTER WLy
RUN ROUTES IN THE @RDER INTERZD. ENTER @NE AT A TIME -
. _ . . VHEN & QUESTIIN MARK|APPEARS, UP T@ S [NTRIES. ENTER .
: "~ U IF N2 M@RE ARE ocsx\n:o. . : -
i CAPACITY t \ - . =
. 136 \ : ’ o o
. _ CAPACITY 2 . - ) ’ o I
. : 70 .
. VANT T2 CHANGE Nunszn.. OF BUSES? YES=i., N@eO .
. 71 ‘ ‘
. ENTER THE KUMBER 8F 36 .-"PASSENGER BUSES i '
15
. ENTZR THE AVERAGE RATE ar TRAVEL IN MPH . - “:
.. 7S ‘ B
INTER THE NUMBER .@F GRID LINES PER MILE. v o
. . ¥BR EXAMPLE, xr A QUARTEPR-MILE GRID IS USED, ENTER a : :
F Y 112
. !
ENTER C2ST PER vm.z T3 GPIZRATE BUSES : S
) . a0 i ot . '
- '\ - - : - ’ v ’ ';" i
ROUTE | . . _ ' : " B
sTap STUDENTS . MINUTES - : i
22 7 ) 8.5 - . :
20 -6 i 171, : » LA
.21 10 1841 s R
3 { 22 ‘ 8 1.6 . .
s s : 34.8° : : - : B
THE CBSF BASED 3N $ <4 PER MILE IS 8 1.16 : _ -
- o BUS CAPRCITY 36  TBTAL STUDENTS 31 . . ’
- ) o ’ s 168
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I. In what column' and row is the school located? : Lt

column and . __TOow ’ '

II.  How many students will a type 1 bus carry?

" “v‘ . .
III. How many type 1 blses. are .available?
A ¥ ~ L . . T 1.9"
Y. V\V\hﬁﬁais the average rate of travel?

. “ “ o i - | | | #’;, -
. V. How-many grid lines~gre there o a mile? WA
- ’ . - Cat
VI. .What is the cost per.mile to operate the buses? T

., : - 7

VII. ‘How many minutes’ does the first bus take to run ltS

s rout\ - R . / \\\ |
. 1

. P
, VI What is the total cost of %his bus- run‘>
20. The DATA for the school jear 1969-—70 is Ltsfed below ‘ {
.’I - ! ’/_,/' -
Age U 608 7 Grl - 572 , Gr 7 - 618 " . :
_Age L J- 658 Gr 2°< 579 . " Gr 8 - 576 wf}
+ . Age2-708 f 6r3-571 €r 9\- 588 v N
. Age 3 - 1736 - Gr4 - 615" ) Gri0_ > 632 - Tl A
. Aes 4 -.739 - Gr 5 - 584 "Gril = 571 L
* Kind -~ 763 " Gr 6 - 582 . Grl2.- 581 N
e . ) 750 .~ e
¢ : ' Y
" Write the DA'I& ta. ements for this data to be used in the ENRP‘%O
' “simulation-on the lipes below. . T . _
S R - | * .
o Y A S .- g
1 : -
b

- 21, Below iz a portlon of the pTOJQCted enrollment report from thekprog'ram
" ENRPRO. Study this figure and then.answer the 1tems below.. @

. ' . SCHIOL DUSTAICT 1 .. ] o
.. P . PAST CENGUS &aNDY EVR’)L!PF\;T ng’r;. I . A_\_\,. \\
v AGE DR 4 1947 lvsd ivew 1990 wvx_i A :
- . :
£
L) ~




IS
I. The enroilment in Grade 2 in the '69-'70 school vear is
II.  The projccted enrollment in Grade 2 five yveuirs later is
HI. The dutu indicate thut there is a(n) - trend in the datn
for the projected vears. ‘
1 ///.' .
4. increasing o

b. .decreasing

22, Below is a portion of the year-to-year percent change report. Study it and
then answer the following items. '

.

SCHINL DISTAICZT

PAST CTENSGIS AMD MR ~FYT DATA P S YR ™Y YA ¢ c,-uqcvs

CALL DECt™Mar FIGUIRFS A4Z PLRCINTS) i . :
- LT o WITE 3 . :
e 1937 1568 . 1349 1970 . 19T, e 132 -
¢ 13 ™ o ™ ™ . e
¢ 1988 1vAR 910 1971 1972 . 1971
PP 129 A1s 478 .83 : o
.
[
. “1sn e a1 e 87 1-32 A ‘
. ~2.47 RN -.38 ? Lo -
.
[
© e 607 g saa ‘ 509 ° . TS . =2
.

[. ‘hat \“-ﬁaS the enrollment in grade 4 in th/&;1968—'69 school year?

II.  What was the enrollment in grade 5 for the same vear”
. L :
k-4

III.  What was the percent change from 1968-'69 to 1969-'70 for -
grade 17 ' ‘

the percent change in those group of students who were in .
in 1667~'63, in the period from 1967-'65 to 1963-'69?

IV, What is
35

grade !

2. Below is a portion of the comparison report Study it and then answer the
' items below,

- o ; ‘- \
. - " - L4 '
scnogt/otsraxcr 1 < ' ‘
: ACTHUAL VS PADJECTED ENRILLMENTS MR 1972 .
i TASED OV PATA oM 1947 THRINK 197) ’
. - - :
) . P : ) .
ACTUAL * PROJECTED ACTHAL 2. ERRID : - '
-~ mmL FYROLL SROUECTED,  tA-prsq \ ) *
GR A e She o £51 12 ~--.-’;:;;~--
: GR 4 » 593 542 24 cfed b
GR & . 592 . 572 o 0

o . .

\/},

Q g : . ) . - , . e T

Aruitoxt provided by Eic:



—
.

II.

Iv.

What

What

\What

What

was the actual eurollment in grade 3?

was the projected enrollment for grude 6.
is the absolute error in prediction for grade 17?

is the percent error for grade 5°?

171
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Assume that you are in charge of bussing for your'district. FFor one school

you must decide whether to use one 48 passenger bus or two 24 passenger

mini-buses,

Below is the printout for each of the two cases.

of the following aiternatives bhased on this data.
. [

CaPACITY CAPACITY 1
123 748 .
CAPACITY 2 CAPACITY 2
10 70
T YANT T2 CHANGZ NUMBERS AF BUSES? YESal, Nawo ENTER THE NUMSER 2F 48  PASSENGER BUSES
71 7t :
ENTER THE NUMBIR AF 24  PASSTU3ER BUSES ENTER THE AJVERAGE TZaTZ OF TRAVEL 14 MPYH
12 120
ENTER THE AVEZAAGE BATE F TRAVEL IN MPH ENTER THE HUMEER 27 GRID LIMES PIP MILE.
120 F3R EXAMPLE, IF A QUARTIR-MILE GRI!D !S USED, ENTER
ENTER THE MUM3ER 2r ©PI2 LInI3 PER MILE. 12 . .
’ FOR EXAMPLE, IF A QUARTER-“ILZI GRID IS USED, =INTEAR g ENTER C3ST PER MILE T3 MPER2ATZ 3USES //
12 13.00 e
ENTER C35S7T FIR MILE T2 3PIRATI BUSES : L
22.00 . ROUTE 1 - s
DA ’ sTap STUDENTS MruuTel .
RQUTZ 1 1 ] 3 e
step STUSENTS MINUTES 4 a 9.2 Jrd
8 3 21.6 1 a . 19.7 !
7 10 29.3 8 3 30.5 " .
6 9 32.3 7 10 38.1 -
5 5.2 6 9 Q.1 -
THE €2ST BASED 2t g 2 PER MILE IS s 30.12 3 2 a9.9 .7
BUS CAPACITY Za  TATAL STUSZNTS 22 - 2 10 1.8
s sa’s
RAUTE 2 THE C@ST BASED @49 § 2 PEf MILE IS S Si.7S
sTap $TUDENTS _ MINUTES BUS CAPACITY a8 ?H"RL/}?UDEHTS 47
a a . 6.2 : /
5 a 16.7 STAPS WHERE STUDENTS WERZ NAT PICKEID UP ;
3 2 23.4 ) sTep STUDENTS _
2 10 24.9 N@NE yd
. s 28.2 N 7
,  THE COST saszo.oen s 2 PIR MILE IS 5 18.83 THE TOTaL CaST FaR ALL RAUTES 1S g S4.7s
A BUS CAPACITY 24 TATAL STULSMTS 20 THE TOTAL TuHz Fa2 ALL R2VUTILS (5 34 MINUTES
) i A7  STUDENTS PICKED UP 0 NeT PlCKED UP
ST2PS VHERE .STUDENTS 'WEIRE N3T FICKEIZ UP e
sTa» STUDEZNTS : 7
1 ] .
THE T3TAL CI5T FOR ALL RIUTSS 15 s a2.9% 7
THE TOTAL TIME F33 ALL R3UTES IS 73.4 MINUTES i

a2 STUDENTS PICKED UP S N3T

.

Use
Use
. Use

o o T o 2l 39

ERIC
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PICKED UP

)

e

/ .

. Use two smaller/bﬁ'Ses because they cost less.

less curnulative time.

ler buses because they.take less clock time.
up all students.

-

13

Choose one

.
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7 25.—Below are the predictions of enrollmeut for a junior high school for the

; next five years. Which of the conclusions about this data is correct?

SCHOOL DISTRICY ¢

. FUTURE ENROLLMENT PROJECTIONS .
AGE GR e 1972 1972 197a 1978 1974 .
* ™ 1™ 1™ ™ ™ .
GRAADE 1973 1974 1975 1976 1977 .
R 7 s 642 626 618 519 s34 .
6R 8 . 597 636 620 612 573 e~ !
GR 9 . 666 649 891 s7a 865 .

a. Over the next five years space needs will remain the
same for the soventh grade.

b. The need for teachers will continue to decline in the
8th grade.

c. The space reeds for the 9th grade wtii; be fauly consistent

over the next 5 years.
" d. There should be surplus staff in the 9th gp:{dé by 1974.

ERIC

Aruitoxt provided by Eic:



ID:
(last 4 digits of your SS no.)

Date:
N \
“
\ .
' For each applicable item circle the letter of the
¢ . best answer.
/
Form: II'S
.\7»_\_\\//‘-" ’
)
P
- 5 ) -
. ! p . . -~ ) - 174
4 ‘ . 4 { P .
K.v-:" ’ . . 38!5,'\3,. ‘ )




,—\ ‘ IIrs -

>

1. The situation which creates the need for a decision is the:

a. decision context
b. perceived need
¢c. decision strategy
d. constraints

2. List and triefly define the three componer:‘s of the decision context.

Component
1 Dfn.
2 Dfn.
3 Dfn

3

3. Suppose that you are an assistant superi.ntendent';‘ You have beén assigned
the task of establishing :- busing program which will result in racial balance
within your school systemn. Your district has allocated $100,000 for busing
usihg its fleet of V5 buses. You may adjust the.number of students on any
bus, the route any bus will follow and the schc 'l or schools to which it . =
delivers The plan 1s te: bo ruadv 'to use at the beginuing of school thlS fall.

I. The school or scho i< to which a bus delivers is:

a, none-of these - : J
b. 'a constraint

T. a perceived need

d. a controllable variable

N . . 5
II.  To estublish a busing program is
a. a controllable variable
b. perceived need '
c. none of these : . ’
d. a constraint B ’
' e1rs
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1.  The 75 buses in the school district flect represent:

a. a perceived need

‘b. a controllable variable
c. a constraint

d. none of these

4. The process by which the administrator makes a decision with respect to
the decision context is the

perceived need

decision context

analysis of the decision context .
: dec151on strategy

fogrp

5. The f{following foar activities
e analysis of the decision context
e decision on criteria for best solution
e generation of possible solutions
o testing of possibie solutions against criteria fox;(best' sclution

are components of the

a. decision strategy

b. controllable variables
c. decision context

d. decision variables

6. The result or outcome of a specific decision is

a. a decision context t \“\
b. a payoff o By
. ¢. what happens -

-

d. a decision strategy

. Suppose that you are responsible for choosmg a new reading series for the
“elementary schools in your district. The dec1sxon must be madde by the spring
of this year and you have been allocated $25,000, - What is the most important *
payoff for this decision? ‘

a., reading achievement

b. total time to prepare

€., number of texts--- )
° . d. manhours used.. o N

J

. | .. 1 8 }3 : ». \\\ | . : ' . e ot
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8. Operations Research is

a. a nmethod for the sc1ent1f1c study of maricement or administrative
functlans :
b. a method of research designed to study Lusiness operations
c. a set of powerful decision contexts for larce and complex
administrative problems
d. a set of powerful decision strategies for lavrge and = mplex
: administrative problems

9. List four important’ operatmns research techniques and match them with
administrative applications for w hich they are must useful (any operations
research technique may be. applicable to more than one pro.;lem)

a. planning and analvzing project stages
b. analyzing waiting lize problems ' ' .
c. analyzing a workinz model of the decision context
e S PR PN -
d. problems in which rhe constroints' and payoff can-
cari be stated mathematically .
problems involving service facmtles
‘ N
\
N
» N
’ \\_-v
h i
-~ - L
. A 5
e 5

Q . : . L ‘ . T -
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10, is giving the effect or appearance of re.lity.
a. stochastic
b. simulation C- .
c. deterministic
d. role playing

11. Which of the following is not a component of a2 simulation?

. a. processes

- b. object system
c. outputs .
'd. model :

v

12. Name two uses of simulation in education.

a._, ' -

B )

13. Which of'the following is _n__qg one of the\,thre-e classes of simulations? ’ ¥
‘a. man-~computer
‘c. computer-based- AT . . <
d. model-computer ’ -

.

14, Which of the below ‘is not a (_:_lgstgkpfﬁ _s.imulasioas.em-, ayt3 eyl el vy o501 ) "1“\%’3.?"‘}”‘*‘?0

° 5 .
_ a. stochastlc ' E , -
o b. . logarithmic IR //
c.” deterministic - % '
1
187 .- 178
\)‘ . -’ . . . ’ )
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15. Which of the follow_hig is not ¢ purpose o: simulation?

a. Tezzh about the object system

b. Replace the object system

c. - Predict future behavior of tte object system :

d. Explain past behavior of the object system N

16. Wher. the computer represents all aspects of a simulation, i.e., both
providing input and operating the model, it is a simulation.

a. Iman-computer
b. man-model

c. computer-based

d. computer-computer .

17. When some random element is part of a simulation so that random processes
relate input to output, the simulation is:

a. stochastic | , :
b. deterministic :
v c. logarithmic

18. Assume that you are constructing DATA statements for the BUSRUT simulation
program. The stop that you are working on now is number 27. It is in :
the 19th row and 33rd column and there are 3:children to ple up. Write-
the proper DATA statement on the line below. o

-

19. Below is the output from the BUSRUT simulation. R~ad through the listing
and answer the questions below. V ' .

- DITER THE SCHESL COORDINATES, STPARATED BY A COMNA.
::z.vn? <CAL COSNDINATE SNOULD Br riRsSY
[X 2]
YUV VILL BE ABLE Tl ENTEZR THE CAPACITY 07 LACM VERICL ' *
TYPL.  VMIN ENTERING, ROMENRER THAT THE CemMPUTER \m.x.z ’ -
AUN ROUTES N TME QADEIR ENTERED, EUTIR SNE AT A TIME : . N -
. VHDN A QUESTI#N MARK APPLZARS, UP Te v INTRICS, D('L!
P O IV MO MERT AREZ DTSIALD.
CAPaCITY l
A 120 -
. w“l" -2 “ . .

Dﬂ’n ™e NUHIIR or 20 PASSDNGEN BUSIS

) mu TNE-AVERAGE NATE 0F YRAVEL N wPW v
R S B R O L A B R R R s 3kl Ll g T PEY Brves 344 5foe 3oTe3eded
rsm D(WL:.- 17 A QUARTER-MILE GR1Dp 1S USED, INTELR a

£ IR SR MIREAI ST LR BD B R0

- . 7"
INTER COST PER MILE TO SPLRATE BUSZS

1.23
rUTY |

stop STUDINTS nINUTES
T e Al 1
T 2 10 ~87.6 ’ s
s : . 96.9 . - o

. THE COST L.SEZD oX % .23 SEM MILE iS 3 16.1a
BUS CAPACITY 20 TOTAL STUDENTS 19

ERIC " 0 & e
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* . I. In what column and row is the schocl located?
column and row

- 1I. How many students will a type 1 bus cariy?

— e e s

['I. How many type 1 buses are available?

IV. What is tae average rate of travel?’

V. How many grid lines are there to a mile?

VI. What is the cost per mile to operate the buses?

VII. How many minutes does it take the first bus to run its
' route? .

VI, What is the tptal‘cost of this bus run?

A 20. The data for the school year 1967-'68 is 1lste’d'bel’ow.

Age 0 -~ 686 Gr 1 - 595 Gr 7 - 555
Agel-gﬁ ~ Gr2-650 . Gr 8 -- 569
.Age 2 - T17 Gr 3 - 604 " Gr 9 - 589
Age 3 ~ 774 - Gr 4 - 598 Gr 10 - 602
Age 4 ~ 816 Gr 5 ~ 607 Gr 11 - 540

~ 819. Gr 6 ~ 576 Gr 12 - 470

Kind

Write the DATA statements for this data to be used in the simulation
" ENRPRO on the lines below. = =~

Py

21. -Bel‘ow‘,ls a portion of the projected (rrollment report from the prog:am
ENRPRO. Study this figure, and answer the following items,

L)
SCYIAL DISTRICT

. PAST CENSUS AND TNRILLMFNT DATA . - .

,;‘ AGE OR  ® 1987 1968 194% 4 1970 rem .
c ) * T0 0 . ™ ™0 ™ -
. - GRADE s 1948, 196% 1270 197 1972 . /

e 7 s s5% «as c1R «nr 7 a0n 2777

. [ v SAY 550 1~ 597 512 .

Ga ' 9 v SB8% 02 SHK {Ah? “a7 N

. SEHOOL DISTRICT |

- - FUTHHE FNRAILLMFNT PMISITTINIG .

AGE OR~ & 1972 1573 1974 127% 1117 .

¢ T ™ R+ P M ™ .

. GRADE 19713 1974 197% 1977 1377 .

A L- - wegan AT eaboattsanfenltounrsonnsov ettt ronssemntianttastsessrseatevn -
GR 7 v A09 BHG 542 557 LY ./
— G 8 e 597 %03 432 que 9% /~
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.-I. The enrollment in Grade 9 in 1970-'71 school year is -

S . -
' II. The projected enrcliment in Grade 9 five years later is
' ' . oy . '
III. The data indicate that there is a(n) tre::’ in the data

for the projected years.

a. decreasing
b. increasing e

~22. Below is a portion of the ‘-ear-to-year comparison report Study it and
answer the following items.

S$CIL DISYRICT )

PAST CIYSUS AND ENRILLSFNT DATYA PLI'S YR T YR T CNAYCTS

CALL Dltlnu_ FIGUNTS ARE prncmts:
-

H . PMIYFrTINvg

® 1947 1968 "t’ 1970 197 . 979

LI £+ ™ ™ m ™ . n

® 1968 1949 1970 9N 1972 . 1979
AQe 4886 649 408 288 A2 .

- -

. -3.39 -6-32 =J. 48 ~4.1 .

. .2y 129 3.4) S.a6 * Q.32

. . L4 }
Ate 728 88 a8 T sag 613 . ans

- L]

, .
9

I.  What was the number of children at age 0 in 1971-'727

II. What Was the number of children at age 1 in the same year? ___ ~.

III. What was the percent change from 1970-'71 to 1971 '72 for
age 07?

- IV. What was the percernt change in ..ose groups of chlldren who wer:z
at age 0 in 1969~'70, in the period from 1969- '70 to 1970-'71?

23. Below is a portion of the projected versus actu.l enrollment report. - Study
it and then answer the items below. )

" SCHOOL DISTRICT 1|

)
&
ACTUAL VS PROJSCTED EVPILLMENTS FIR 1972 ¢
BASED ON DATA FHIM 1947 THROICH 1971
ACTUAL PROJECTED ACTHAL - £ SRRIP ..
NIOLL NAILL PROJETTED A=PIZA .
KIND . 699 483 . ’6 2.25
2 < R 1 e saa ssa -10 <1.8a
6r. 2 * 830 $a0 -10 L) -
- . ‘
! GR 3 e 532 529 -7 102 | )
......................... e cetest et atc e ch e s et er e e wa 3
/ 3 v . .
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Whar was the actuai enrollment in grade 27

~
What was the proiected unroliment for grade 1?

What is the absolute error in prediction for ~vade 1?

What is the percent error for grade 27?

‘..U
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21. Assume that you are in charge of bussing for your dis.rict. You must decide
which lozd factor .(number of students per seat) to use for bussing to
certaln schoois. Using BUSRUT try out several different loud factors, The

- results are given in the table below. . -
g ; }

~ . .

Load Factor No. of Routes Total Cost TO{S,{- Time

11/0 9 S 75.26 63.5 m:nutes
» 2 ) 3 . - 83.50 W7.2 minutes
21/2 8 74.30 79.0 minutes .
3 8 Y70.19 N3.U minutes

Choos« the best load factor, consider the dat:i.avuil:xble.

. ’ ‘
a. } 1/2. .
’ ) . -
- b. 2 ) ’
) c. 21/2 ~ i .
. ’ w -
\ 4. 3% - - .
u .
‘ . * -
(4 -
* - 1
- \
. 4 A.
!
. .
- b 4
N . ’
. N
. \
* ~
S .
: ’ - ,
® -
-
. [
N
B
.
- ' >
- . . .
b . : ~
‘. \
» . a
K o < “
. { ] .
-~
g
- ~ " ’
o
- -
.
~ .
~-
‘ ‘ . - ‘ ’
-, - ~
. . » - ' L
B i
s h ’\ ,/' . . v
o . (X . ) . ./'/ . 3 "
. R .. . A ) ]()2 . 5
) - B - /oo -y .
;) / e . .
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25. DBelow is the uactual versus predicted enroilment repor: for a high school.
How would vou evaluate the accuracy of your predictions?

XCHOOL DISTRICT !

£ ACTIJAL VS PRO JRCTED TMiAILL“ENTS FIR 13272
BASED AN NATA Frim 148> THRICH 1971
ACTUAL PRO JECTFED ACTIAL - T TRAIR
ENFOLL FNROLL F20JECTED {(A=P)/a
GA -TIUN_ = 427 ass -28 -a.a7
GR 11} * %70 63% -4c “1l.a -
GR 12 * 563 570 -7 -1.24

a. The predictions for grades 10 and 12 arc fairly accurate but
it is off for grade 11.

b. The predictions of enrollment for all the grades are quite
accurate, -

¢. The errors in prediction for all three grades exceed one
classroom in magnitude. '

d. Only‘ the prediction for grade 12 is accurate.

ue

v
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Y ID:
(last 4 digits of your SS no.)

Date: |

{

For each applicable item circle the letter of the
best answer." . ' )

Formi: 1Q

o
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1. A decision context is:

f

a. a choice between two different options

'b. thé sdministrator's environment

¢, a problem for which a decision is needed
d. the school district of the administrator

2. List and briefly define the three componenis of the decision context.

Componeant
1 Df‘n . -
2 Dfn: ] .
' 1
“ 3 ‘ Dfn:

N -

3. .- Suppose that you are 3 school superintendent. Your school board has just
adopted the policy that all children should have at least 18 weeks of career
education by the time they reach the seventh grade. Only.grades 4,5,6 are
to be involved and the sum of $50,000 has been allocated. You have the '
freedom to assign any number of teachers for any number- of hours and to hire
as many consultants as necessary provided you do not exceed the authox;ized
amount, , : .

1. The sum of $50, 000 is:

a. a perceived need
b. a constraint ~ ' -
c. none of these ' ' '

d. a controllable variat

II. The number of teachers assigned is: .
a. a controllable variable
b. a perceived need

c. a constrain o o '
'd. none of these \ ‘ -




5.

6.

1.
L

111.

A decision strategy is:

To develop a plan for caregr education in the upper elenientary gra

nond of these

a.

b. a ‘controllable variable
c. constraint

d. a perceived need

vy
.

OaO.U'N

.

a.

the process by which a decision is made
a problem for which a decision is needed
the choice between a number of options
the process of implemeniing a decision

7

-The four components of a decision strategy are:

constraints, controllable variables, generation of

P

testing possmle solutions

oy

perceived need,
_ possible solutions g .

b. analysis of the decision context, decision on criteria for the best
solution, perceiving, ;he apprcpriaté need,
against criteria for best solution’

c. analysis of the decision context, decision on crlterla for the oest
solution, generation of possible =z»lutions, testing p0551b1e solutions
against criteria for best solution N

d.. finding controllable varxabies, decision on criteria for the ‘best
solution, generation of possible solutions,
against_criteria for best solution

A payoff is:

a. the situation which requires a decision ’ - . . S

b. . the process of making a decision .

c. a decision with respect to a specmc context -

d. the result of a specific dec{ton

Suppose that you have the responsxbﬂlty f01

i \

a

a

structing the school district's

testmg possxblp solutlong

IQ

s is:

-

budget for the next fiScal year. You have available to you a full-time secretary,
’ allpreviousyears' budgets and budget estimates {rom each of your district's
sohools. The most_ 1mportant payoff of decision mal\mg in this case is:

‘a.
b.
C.
d.

-

R N\ g
budget l‘ength s ] oh
time - ¢! .
money : i
line item.costs b I

‘ M T 9

~
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8. is a set of powerful decision strategies for large and
-complex administrative pr'oblerps. :

- a. operations research - .
b, linear-programming
o c. ~mathematical modeling
d. queuemg theory

9, List four importaht operations research fechniques .and ‘match, them with
- administrative applications for.which they are most useful (Any operatlons
research technigué may be applicable to more than ‘one problem).

N\

a. N Jlanning and ‘analy'zing project’ stages
b. . analyzing waiting line problems
c. . analjzmg a’ working model of the decision context
' d. ) problems in which the constraints and payoff can"
“ : . ‘ o ‘be stated mathematically ) . &
: ' o * problems involving service facilities

. ' \

A

r ( - i\ ~ - .
¥ ! ' \
- ® (70 -
7.
. ' R Y I
. ! R
- 4 . N
ke co— ) ol
d R ,
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10.

11.

c gt

13.

N

Which of the following are not basic conditions which must be’
satisfied in order for queueing theory to give useful rest_;,_ljts'?

The system must be in equilibrium A

There must be at least one customer in the queue

Service times are independent

Customers do not leave the queue until .they are serviced

The arrival and departure rates are independent '
of each ‘other N .
First come, first served

g. . Arrival rate must be less than the service rate

h. Arrivals of customers are random and-indepéndent
{

o QN o

rh

A source field is

The area where customers of a facxlltv come from

The populatlon of customers

The population of possible service facilities for cuetomers

. The populatlon of‘potentlaI customers -

0o o .

) . T ( : . .
The users of a service facility "are: A

Employers

a.

b. Waiters
c. Arrivals
d. Customers

A serviceLf'acHitSI is:
.J ’ .'/ e .
a. -A location’ at-fwhich a service is rendered,
b. A building where customers are serviced
- The place’ ‘where-’ the queue i5 located '

d. 'I'Iie potentlal pool of. oustorrrers for the queue v
The average number Yof customers arrwmg at the service facility
durmg a'unlt of time is the: : -
a. éervi,ce rate o .

‘b.- Departure rate T : ;
c. Arrival rate : ) ‘ o S __— >
d.. Customer rate - s : S U S s

(%5

~
-y
9]
N

1Q



17.

18.

The average number of customers that can be serviced by one service
facility during a unit of time assuming no idle time is the:

a, Agrival rate
b. Service rate

c Queue rate

d. Departure ;ate

The amount of time that a service facility is not servxcmg a custonter

is the:
a, Idlg time
‘b. Queueing time
c. Waiting time
d. Service time

v (f -

The. waiting time is the time:

a. between the beginning and ending of service for a customer
b. ' that a customer spends in the source field before he joins the.

queue

c. the total time that a custbmer spend< in the queue and service
facility .

d. between when the customer joins the queue a.pd wh'n he gets
serv1ced

Which of the statistics listed below.-are not statistics derived from
.queueing theory? - ' <

a. expected waliting time of an arrival’ .
-emected number of customers waiting for service or bemg

" b,

~ serviced ¢ -
. e probal'.gillty that a customer will .be.serviced within- mme T

d. expected number of customers waiting for service < .

e. probability that the facility is idle - [ -

f. mean number of custorjers being serviced

g. probability that N users are being serv1céd or ar:e waitmg for

- service . C
h. pro’baB\lltthatrn*ore than L users are being servrced or are-
' . waiting .. ‘ g
; . N
~, A
. - . . "
; E o 190
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19. As the number of service facilities increases, the length of the queue
, the waiting time’ . and the probability of a
service facility being idle '

a. decreases, increases,'deqreases
b. decreases, decreases, increases
c. Increases, decreases, decreases
d. increases, increases, Increases

-

25. . As the arrival rate decreases, the length of the queue

the waiting time , and the probabLhtv of the service facility
being idle _ .

a. decreases, decreases, increases

b. Increases, decreases,- decreases

c. Increases, increases, Increases

d. decreases, increases, decreases

21. As the service rate decreases, the length of the queue .

the walting time ., and the probability of the service
facility befng idle - .

a. decreases, decreases, increases
- b.. Increases, Increases, increases
c. increases, increases, decreases
d. increases, decreases, decreases

22. Your local high school has a printshop for vocaticnal education. They
do large printing jobs for the school district. The instructor has made
a request for a second printing press. He claims that the class cannot
: - keep up with the number of requests they receive. The shop recelves
an average of three orders each week. It takes an average of one and
: _one-half days to complete a job. ' ‘
/ .-

Answer the follow questmns about this queueing thedry probll:m._ /
I. The source ﬁeld is .. ' \ L .
C - . — — - — .
\ - ~
II. -The customers are : _ .
- . ‘ . LY
¢ III. The sevxvice facility Is . - ' L,
.=IV. The arrival rate is_ , ) s

V. The sed¥ice fate%; - . , .




23. Below {5 the output of program QUELUE for a queueis

Use this to answer ‘the questions below.

ENTER S@URCE FIELD
! O=INFINITE POPULATION
K = FINITE PIPULATIAIN @F SIZ: M

=1 Te oulT -
70
F - NUMBER @F SERUVICEZ FACILITIES
72
A - AVERAGE NUMBIR 8F ARRIVALS PER WIT TIM:
112

& N
S - AVERAQE NUMBZR OF CUSTOMEIRS SEAVED PER UNIT TIME

18

EXPECTED NUMBER EITHER BEING SENVICED @R WAITING
EXPECTED NUYBER WAITING - E(V) = 1,92857

EXPECTED WAITING TIME @F AN ANRIVAL - EC(T)Y = 160714

g theory problem.

PR3BABILITY THAT THE FACILITY IS IDLE - P(0) = .1428S7
- E(N)} = 3.a2857

IF YB8U V1ISH P(x>, THE PREBADILITY THAT N UZ _5 ARZ BEING

SERVICED @R WAITING, ENTEZX THE NUMBER FZR N.
ENTER -1 :
15 . “.
PC S )= 6.780i3E-02
ENTER AN@THZIR ¥ BR -1 T8 QUIT

7-1

IF YOU vwIgYH Peu»i.y, THE PRABARILITY THAT THE NMBER OF

IF N2T,

USERS BEING SERVICED @R WAITING EXCEEDS SOME NUMBER L,

ENTER THE NUMBER F@GR L, IF N3T, ENTER -1

13

P> 3 ) = +290179 ,
ENTER ANGTHER L. 8R -1 T@8 CUIT

-1

I. The probability. that the number waiting and being servicegl

is greater than 3 is .

II. Average number cf arrivals is

~.

—

III. The number of service facilities is

”

The probabﬂity that the facility is idle ‘is

- '

V. The probability that five customers are waiting or being

serviced is A .

. 0

‘The expected number waiting is

VI. Average number of customers being serviced is___ . . .

VII. How long should an arrival expect to wait?

X. ‘The average service rate is

What is the expected number in the queue or being serviced?

E 115
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24. In ftem 23 vou were given a printout which reflects the following
queueing theory problem. An office presently has two fypists.
They are contemplating adding a third typist. Using the printout from
item 23 plus the one .given below, you must decide whether or not
to hire an extra secretary. The time unit is days.

A poll of users has shown that they will not tolerate a wait of more
than 1 day.

INTER S@URCE FIELD
0=INFINITE P@PULATIOM
M = FINITE P@FULATIEGN ZF S1ZE M

-1 T QUIT
70
¥ - NUT‘!'BER @F SERVICE FACILITIES
3
A - AVERAGE NUMBEF 3F ARRIVALS PER UNIT TXHE
112
S - AVERAGE N'JHB:R gFr CUST@MERS SERVED PER UNIT TIMEZ
3

" PROBABILITY TMAT THE FACILITY IS5 IDLE ,~ P(O) = 210526

EXPECTED NUMBER EITH R SEING CED ‘«XC‘:D‘éq WAITING - E(N) = 1.726824
XPECTED NUMBER WAITING - EcV3 = .236842 -
EXPECTED VAITING TIME GF AN ARRIVAL = £(T) g, 1-973€8E-02

‘ ¢
a. Hire one, because the average number waiting or being
serviced will be reduced to less than tbe number of
secretaries. ' O
b. Do uot hire one because the expected waltmg time is only
reduced from 1/3 to 1/100 of a day. !
c. Hire.one because the average number waiting will be reduced
more than 80%. .
d. Do not hire one, because each typist will then be idle more than
1/5 of the time. \
. o ’ \
25. Which of the foilowing is/are not advantage(s) of queuein; theory ?
/
a. Provides a method for cimulating changes in the queuemg
system aad observing the results.
. Provides criteria for determmlng the "best” solution to-a problem
@¢. Provides a means for amalyzing most problems whlch involve:
 walting In lined,_ :
d. Provides data whlch may suggest ‘possible changes in the
~ queueing system. ‘
“e. Provides a framework for studymg the queuemg system.

o

Q. ‘ . 202 . 193




26.

Whick of the following is/are not disadvantiges of gqueueing thecry?

&

R 203

The results from queueing theory are averages, not
exact results. :
Problems must satisfy certain condifions in order to be

"analyzed using queueing theory.

Queueing theory is very limited when dealing with small
populatiouns.

Queueing theory yields data and does not make decisions.
The results of a queucinyg theory anaivsis are too abstract
and difficult to understand.

‘

. 194
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are a sceries of quesitions no1l soientific managemsnt techniques.
GF Ot RS CHE RTINS 4 R rev o th and with othe.s yvou may not
Pleasge hiate vour degres of o zeemeat by or_cling SA (Strongly

Agreel, A (Auree,

for each vtem. f

sdministrator’s

of view when resposoing to the items.

Vs
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2
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There arc a her f screntid
methods for solving admanistrative protiems
in edecaticn, SA

Manaprement

1

5. 1 [ind mathematics useful 1n mv wori as an
educational administrstor. SA

4. 1 know of at ieast four screntiitc monzpement
9 N .
techmques for solviag admimsteative [ roblemns
in education. SA

w

Few of the problems | encounter in v Work
can be sclved by scientific munagement methads. SA

5. 1 will use scientific management techn-cues for
solving many of the probleme '3 my vo-k. SA

7. 1-know of at least one scientific inaniicment
technique for solving administiritive giddlems
in education. SA

. 1 plan tn selunm use scientific managen ent merhods

in solving the problems 1 encounter in ny wark. SA
2. 1 feel comifurtable using scientific manriemant
techmques in my work, SA

‘.

10. 1 wan! to use scientific manage:ment techiniqees o
my WOrk. SA

Below are some guestions concerning the materinls you studied.

1s you did to the previous informat ' on.

I1. The problem solving technique that 1 siciied will be
very useful in solving educational adm.mistrative

problems. SA
12. The materials | studied were ex2sy to unlerstand. SA
13. Using the computer made these muterisls ore

interesting. SA

14. 1!t ned enough from these materials "¢ usc
them.in my work as an administrator. SA

15. T will not use the technioue I studied iz my
work as an administrator. SA

16. 1 am generally salisfied with the mater.als 1
studied. SA

17. More direction from the instructor was treedod, . 8A

16. The computer is an essential part of th2i» muterials. SA

204

JMeurrahy, 4o Jdusnzoee;, ar 8D (Strongly Disagree)
>0 are not presently 0 acdmniintstrator, please assume an

N
74}

A N D sD
A N D sb
A N D SD
A N D €D
A N D sD
A N D ¢sb
A N D sD
A N D 3D
A N D 8D
A N D sD
F;'J ease respond
A N D &b
4 N D 8D
A r~ D SD
A N I Sb
A N D 8D
A N D sO
A N D 8SD
A N D 8D
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Matorials Used:

ID.
Last 4 digits of SS#.

Date:

1. What is your positi

2.  What degree do you hoid?

3. How many years of administrative experience have you had?

4. How many hours did you spend on the mawerials?

5. Did you work hy yourself or with a yroup? Do you prefer that way?

6. Did you have ‘enough time to finish the unit? If you did not, why not?

7. Did you have any difficulties using the computer?

200

196




8.

9.

What was the best thing about these materials?

What was ‘the worst thing about these materials?

. e

//N
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11. Do you have any specific criticisms of the materials?
- ‘ - - s "
s . - . . ;/
’I
N
v |
~ °»
’ $
)

12, Pl_é"ése state the difficulty of the materials from your point of view. \\—\

M

€

Do
<
N |
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s _ , -
. , R ~ | .
. 13. Would you recommend to others the materials you studied?  Why or Why*
not? o . ' ‘ "
, , .
~ ~
[
. .
\\ l'
\.\‘1
wa ) . .
.
14. Please summarize your o_vefall feeling- about the materials.
. - a -
a ‘ ,
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