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APPLYING EXPERIMENTAL DESICNS TO LARGE-SCALE PROGRAM EVALUATION
Arlen R, Gﬁllickson and Wayne W. Welch

University of Minnesota

The evaluator of eaucational:pfogramé typically has“an éducational

research Background. That is his training‘has'includedia étudy of’ and

the appiication of exberimenta} desigﬁ'to education problens. As.a
“result an experimenfal.design framework.is genéfally applied_tolmbsé

largé evaluatiéﬁsl Uﬁfqrtunatel&,.in.most clrcumstances oni&-a modified
version of a true experimental design can be used. Consedﬁcntly,nwhether.'
.of not an experimental design canKbe successfﬁily applied to an evaluation
is depéndeng both on the evaluation problem, énd upon the.manner;in Which
the. experimental design is appliéd. 
Campbell and Sfahley (1 pfovide.mgch ﬁelp to a person selecting an

equrim;ﬁtal desién, but almost ﬁo literature is av;il;ble to the ‘evaluator
regardingsﬁhat problems to expect in applying én experimgﬁtai design. Each
evaluafion‘situation is of course unique, but_mﬁny‘préblems apd'decisions
are common to most evaluations. Conséquently, it appears_important that
:those probiems be discussed so thét persons conteﬁpléting a Iérge;écale
evaluation will be cognizént of both the existing probléms and some pfoce—
hdurgé that have pro;ided workable solutions go those problems. To that
end, one phase of a single evgluation is déséfibed here.

| The paper is divided into four main sections: Deéign,-Sampliﬁg Prpécé
dures;lData Gathering Techniques, énd Conélusion. The ﬁajOrity of the
'.faper_i; giﬁén éo a.dcécriﬁtion éf the sémpling'and datamgathering tech-

niques used. Throughout, an emphasis is. placed on prééédurcs“usedwanq;v
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‘and data ccllection pfod?durcé are reported here.

——

decisions made together with the reasoning behind the decisions made.
It is our hope that such a description will serve other evaluators in

identifying and coping with the difficult task of evaluating large educaj

‘tional programs.

Design
During the summer of 1971.a proposal was written aﬁd funded (3) to
evaluate a National Science Foundation (NSF) goal for its comprehensive
N .

projects, "to hclp‘schools,'through the education of their instructional,

resource and supervisory personnel in developing their capacity fof self-

improvement in science and mathematics education.“"The success in achieving
that goal was to be assessed for Eive comprehensiﬁe proiects. Tw& of the
projects, at Notre'Dame Univergity and San Jose §taté Coliegé, were fundea
in matﬁématics; the other three projécts at the Universitiés of Wyoming,
South Dakoéa, and Missiséippi, were funded in écienée._ Each was to definé
a gedgraphical region abdut its Uniﬁersity within which it planned to
achieve the desired goal. '

| Thelpfoppsed'evﬁluatién stipul#téd the usélof a nonequivalent'pfetest
and posftest control groub desigﬁ (1). The design Qaé sgggested in order

to focus on the expected change in the project region populations over a "’

- four-~year bcriod. In addition, each project was expected to use pretest

information in degigning the drogfams it intended.fo'implemént in its region.
Using the.quasi-experimental desigi as:a ffamework, three méjor tasks

were undertaken dq;ing the first. year: (i) insﬁruments were de&eloped for

testing‘purposcs, 22) people were selccted*fof.participdtiba in the study,

\,

and (b) information wag‘collected from,participants. Only the sampling

A~
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Sampling Procedures

In or¢ . sample, decisions were necessary regarding:

1. What siduld constitute tne_experimental unit, and from whom
or :“zat should data~be collected? =
2. .fhc . dvisability of using a factorial design, and if used,
what variables.should be strétifiedwand how should they“te
stratified? | '
3. What snould constitute a'contrbl_sample?

4. What should be the size of the prpject and control samples?

5. What techniQues should be apnlied-in selecting-the,sample?

1

The five issues are treated individually below.

"Experimental unit. In an experiment results apply directly to the

units or subjccts observed, and from those results inferences are made

2

to other similar units. Slnce the stated NSF-goal 1s spec1f1cally Mo

help schools . . ." inferences from the test results would be properly

directed toward schools. Corsequently, even thoughrmost project money e
and time was to be spent"with teachers;uthe experimental design was built

with the school as the basic experinental unit or primary sampling unit

(psu) as it is sometimes called. o o
ST . . :

Factorial éesign. Perusal or individual project propbseis, meetings
with the project dlrectors and dlscus31ons w1th the evaluatlon team s
advisory committee establlshed that the pr030cts and reglons were so. d1ss1m—:.
ilar that results could not be generalized from one region to anether.

However, in spite of their differences two important characteristics were

"common to all projects.. Each project built its program with ‘a subject -

matter orientation, and all projects made a distinction between rural and -

W
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urban areas in their efforts to involve schools. So tﬁat the tmo veriables
would be given'carcfnllattention in the anal&sis; both were incluoed as.

° B
factors in each region's factorial design; The urban-rural variable was
.handled by stratifying‘gchools'on the basis'oflthe population of the city
within which thesschool functioned. Four strata were formeo and toaoptimize'b
generalizability; the.strata definitions were kept unitorm across all regions.

To deal with the particular subject matter emphases of a project, schools

were blocked into subject matter categories. That way information pecoliar

_to a subject could be obtained for individual schools. For.example, in

the South Dakota'region three categories of science were formed; junior high
science, biology, and chemistry.

Control regions. The question of what to use as a cdntrol for the

project region schools had no completely satisfactory aunswver because control
school" could not be selected in a way that would make them only randomly
different'from'project region schools. In order to minimize the variance

.

between control groups and project groups, control regions were formed from

similar geographic and demographic areas. In every case the chosen control

region.bounded the project region on one or more Sices. Certain]y this

‘method produced a set of nonequivalent control groups, but it did provide

.a reasonable basis for judging project successes.

Manylevaluators feel the.inclosion ofisucn a control group is_a'lnxury,
and money and energy couloAbest‘be spent elsewhere. "Yet'ﬁﬁe statement, "In
par icular it should be recognized that the addition of even an unmatched |
or nonequivalent conLrol group redoccs greatly the equivocability of inter-,

pretation over whaL is obtained in Design 2, the One~Group Pretest~Posttest

Design," (1 47) seems to be as timely for evaluators as for researchers.

-
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Sample éize. From an experimental_ﬁicwﬁoint, several contributing
‘élements made determiping'a:precise estimate pf°thé pfoper sample size a
difficult fask.‘ ?irst, afgreat nﬁmbgr of dependent va%iables were.being
meésUredm Second, pfeéise estimates>of_the variability"gf the dependent
variables for the population being studied were not available. Third, no
'project reéi6n had specifiedlthe dég:eé of intended iﬁpaét on its fegién

during#fgg four»ygar.tenure;quthe Comprechensive Grant.

Given the above obstacles, an”estimdte of desired sample. size was made

using the.following rationale. If the -projects dolhave a meaningful effect

‘on their regions, that effect should ééuge at least one-half a standard

deviation change in the deﬁendent Variableé over a four-year period. And,f-
if an - ANOVA teét were used.to détect that pre-post change, the sample size
shoula be largé énough to reduce the risk of Type 1 and Typeé 2_efrors to
the follbwiﬁg levels: a 5 pérceﬁt_chanéé of not detéc;ing thé-change in
the evént_ié did: occur, -and alionpér¢ent chance of incorrectly stating
that the chénge:hadfoccurfed in:phe event it did not.:

Use of.thase péf&meters fogetﬁef with a prpcedure apd power function
“graphlfor analysié of variance (2) resulted in a sample size.éstimate_of
35.- Because pre—#oSt-différeﬁéeé were tq be-detécted in eacﬁ‘subject

tu

stratz, 35 then was ‘the desired number per subject area.,
‘ _ trec S

As 15 explained later, data frbm each of thelregions were to be coliected a
.through the use qf fegional meetings.. It was impor%ant‘for fwApréhensive_
‘ﬁroject aévelopmgnt reasons to ﬁave a large representative g}oup of schocls
atteﬁd fhese“mectiﬁgs (apﬁfoxiyately 100 from eééh region). Three subject

‘strata in science suggested 105 participants per science region while .the

two strata (junior high 'school and senior high schodl) 1n"mathematics_



sugées;ed a sample size of 70. Because of the need to qpﬁduct several Ty
studies across écience and math, we décided to makelthe samples approximately
" equal: Accordingly, Qurvcarget samples were.105~schools per science region,
and 100_schbols per math.region. Because of anticipated nbnresponse, we
o&érsgﬁpiédfin each region by approximately 40 percent.

Beéause of the expense involvﬁd'with-the large-scale regional meetings,
the ﬁroject's fingﬁcial status required fhat the control samplés.bé about
6ne—haif the projecf region samples. Canséquently, 75 and 70'schoois were
;ampied»in each,of"thg respectivé science and mathematics control reéions.

Sampliﬁg procedure. A simple, efficient, systematic sampling method

wés used -to sglect'1;095 schools (730 in the expg;imental.groupvanqﬂBGS in
 Lhe control) in the prpject aﬁd.control regions. ‘
To sample systematically;aall N primary sampiihg ﬁnitsvgpsu'é) in the
ipopuiafion are listed. The number N is thén divided by the nuﬁbér, n, of
psu's desired in'the samﬁle.e The® number, X} obtainéd~by-£ﬁ;t di&isioﬁ is used
as folloﬁéé' fhe first psu to be iﬂciuded in tﬁe saﬁple is randomly selectea
. from thé liét;"the second psu fo be éelected ig.X upits.down tﬁe list from.
_the first; the‘third psu is 2x.unit§_down" the list from the first;. the fogrc'h
is_3X uniés down'the list fgom the fiist, and so oniwith.thg final pPsu selegted
being (n-1)X ﬁnité down thé list frqm.Ehe'first. B§ tﬁis methoa; having»
;selected the first unit, all_other'fsu's to. be incl@ded in thé_sample are
automatically determined;' |

‘ For: the NSF.evéiuatiqn, anfelphaﬁetical list of ééhools (psu;s) was
devélopnd fér éach'stratum in each region. The general systematic sgmpiing

-

prbcess;ggﬁcribed‘above was then carried out for all strata in every region.

Although not a true random method, systematic sampling did produce a sample

donsidered sufficiently random for the evalﬁation.

e



.. The sémpling of subjects within each of the schools proved to be-
more difficult‘to ﬁéndle and resulted in a less satisfactory soldtion.
Practical considerations wduld'noﬁ'allow many sources within each school

R to be tapped, so the school principal, one teacher, and one class were
2-) X ) . . N )

' chosen to represent each school.

s . . .

‘The school principal from each sampled school.was invited to pértiéA

ipate and was asked to select one teacher as a co—participant. In selecting

a teacher, each principal was asked to follow two crite;ia. First,. the
"teacﬂéf waé to be zﬁoéen_from_among éll.téééhefs of a particular subjec§
'(Ehe subject dependedvqpon whiech cell 6f the factorial .design the“schobl
-was in). Second, fhe names of all eligible teaéhgrs,were'to‘Be piaced’in 
a hat and one name, the parficigant“sg.wascpo be drawm from.it.
a . ‘The classés which participéted also were to meet two cfiteria: (1) the
clasé waé'to_be taught by the feachér that participéﬁed'and (2) fhé class
was to be selected by a random p;péedure'spelled oﬁt in_éhe written direc-
tions included with the packet of-insgfﬁments Sent.to\eaph.feacﬁer.
Obﬁiouélynfhe selecyion'cfiteria for;téachefs:and,classes could be

-violated if the principalé and teachers chose, but there seemed to be no

economical alternative to the steps taken. -

P

Data Cathering Techniqies

Prqjecf regions. Meetings were held within each region to obtain project

region data. While attending a meetiné, principals and teacheps completed

biographic,duescionﬁaires, attitude, and'aéhievement measures and each

participating teacher was to take a tést packet back to his school and

administér it to the selected class. One factor contributing to' the decision

v
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to hold regiohal meetings was a desire by-the evaluation team to include

. a teacher: achievement and a teaching knowledge measure as part of the

N I
. Gt

.evaluation. The National Teachers Exam (NTE) was Judged thc best instru—'

AY \ “
ment for that purpose. It requires two hours to'administer, and is secure
i,e.;.it*can be administered only under strict supervision.

e :
A second factor contributing to the need for the regional meetings

_was the large block of time needed.bylparticipants for completing evaluation

instruments. The time required was estimated at one hour for principalo and
' three hours for teachers. hat seemed an inordinate amount of time to ask a.
' principal or teacher to spend respondingfto a series of.instruments distrib—'
;uted through the mails. |

0

A third and deciding factor was that meetings would be used to the
benefit of the NSF proJects and the NST program in general. It wasohoped that
'Ehrough'participation, principals and teachers.would hecome familiar with the
NST and its projects. _At.the same time, the meetings would help NSF program
.directors to determine the needs of each region and,planpbetter ways to make
_their.resources beneficial to the_schools. |
In late January, letters inviting the principal and his randomly'selected.
vteacher to participate in the reéional meeting were sent to each of'the l30
selected project region schbols.'.Each was a personal letter to~the'school's
principal, on NSF stationery,'and hand—signed by the Director of the NSF.
~Academic Year Study Program. Because of_the nature and status of NST', it was
_expected that virtually all principals would return the.enclosed.postcard

and that- approx1mately J0 percent would agrce to participate.' On February 14

c.the Monday following the Tebruary 1 response doadline, it 'vas clear ‘that the
\

\

evaluation tcam's expectations had been unrealistically high. Tor example,'

. .hl(}fi;' B . o “ah
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‘ o - - L. . .
only 40 percent of the principals in the Notre Dame Unlversity region @
responded, and in no region did ‘more than two ~thirds respond. ) ) . N

The large number of nonrespondents placed the regional meeting concept '
in jeopaLdy Thereln'lay a serious problem. Should additlonal schoolvwbe

"sampled with the hope of. obta1n1ng enOugh partlclpants from an add1tlonal

sample to ensure 100*105 participating schools within each project region?

Or should a maximum effort be made to obtain sufflcient part1cipants from

the schools. already sampled? The possibll}ty of sampling add1tional schools

: . . I .
was finally rejected as an alternative since: (1) a large new sample would

v
o "

be required for some regions; (2) a second batch of 1nitial letters would o
. . 3 Vv . v

reach principals only a short time before some meetings were to take place, -

"and would probably result in an even smaller acceptance.rate than had occurx2d

for the original sample{ and .(3) having onlyﬁa small percent of the'sample

articipate raises questions about the'"repreSentativeness' of the part1ci—
P ' G

1 [

pating sample. Sampllng additional schools would not have 1mproved the.
representativeness problem; in fact itvwould.probably have béen detrimehtal.
The representaéiveness question in; particular led to the decision to
. . . ) . . _ _ .
make a concerted attempt to get a large percent of the nonrespondents to

"respond affirmatively to the request. Each'principal who did not:respond to

- o

'the.original tetter was sentia follow—up letter. Telephone‘calls were then
made to all principals who either did not respond to the second,letter, or
indicated on-3 return"postcard.that they were unsure about attendingl Alto-
getherIapproximately_200.principals were.called, the‘needﬁfor their.partici~.
pation in a regional meeting explained to them, and a verbal'request for}their:'
participationkmade. As Table l shows, the'follqy;up procedure.greatlyhincreased ’

the_total number of schools. agreeing to participate,

o - S
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Insert Table 1 akout here

Control resrions. Unﬁike the data collection method use \for the project -

v AN

N . \‘. - .
region sample, all instruments were mailed -to control school participants.

;’ Due to the high cost of the NTE, it was administered only3£6 project'sample

teachers. ' With that cbstacle of mailing qﬁestionnaiggs'removed;'there
: _ RS > M N
remained no compelling reason to.hold meetings, and the difference in ‘cost

N

wéé-sufficien?'reason fofibhange. The same contacﬁ prqced#fé gséa for the

projéctlpegiéﬁs was uééd'for‘the_;ontrol, except fhaf hO‘Eelephone calls were

made fpr_thé zontroi groupé;‘ Oyefail, the coﬁérél s;hqols respdhdéq bettef“
. to'ghe evaluatién_ghan had thé regioﬁgl sehoolé. Table 2 giQes.é summary_of

the control region sampling response. (Becauégla large percent of'both

-regional and'contrél schools invited did”not agree'to participate; a separate
- . N T . * . ’ .
study was under taken to compare selected characteristics of participating

schools and ponparéicipétiﬁg schools.) . ¢

A

Inzsert Table 2 about'hené-

- Y e ot

-'One additional feature of the control region procedure merits mentioning.
Since the control sample teachers and principals had virtually.nothing.to gain

o 3 . g - _
by participating, it was felt that a-large percentage of principals contacted

4

would’choosé‘not to involve themselves or others in theif schoolu To impr%vé
the éitﬁation, ithwas\sﬁggestéd:that an,inégntivq}éf $5vfor each p;incipaikand'
=teachef-bé offered; Becaﬁse such_gnfiqcéntivé_might have no effect or'ebeﬁ

be détrimental father than benéficial, and. because the same gencral_eValgatién

plan was to be used again for posttesting pufboses, the effect of ar incentiye:
in increasing participat}on_was tested. The control sample was randomly split;
B 5 : S
- 9 ‘\. b

"\
\ g
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TABLE 1

PROJECT REGION SAMPLING RESPONSE

11

\\ . - * Schools Agreeing to Participate
. : - After Follow-up
' Original Request o . o - Procedure
Region N : _
Percent of _ NPercent of
Number - Total Sampled Number Total Sampled
- Notre Dame’ ' 37 - 26 62 4
San Jose 49 35 96T
Mississdppl 46— 31 66 44 Y
el L , - :
South Dakota % ' 72 | 48 96 - 64
Wyoming = ‘ 7% | 51 ) 99 ) 66
)/'/ \ . ) = _ o~ &)
‘ : ‘ X =57 / o
P __’#,pﬂdr_;.__————-—¥——‘f"““_"‘T_ff?fﬂ——ﬁ_
__’_—————rj-l‘—'/ - “
’ ' N ' : - 1 -
&3
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TABLE 2 o

CONTROL REGION SAMPLING RESPONSE

- Schools Agreeiﬁg to Participate
Regdion - _
- . _ Percent of
. Number - Total Sampled -
.NotreuDame Control - . - 47 o 67 _’ .
San Jose Control. A o ‘ 59 . -
______ Mississippi.Control———""""" 7&6““W“”"7”“_* 53
. South Dakota Control 56 - _ 75
Wyoming Control ‘ .50 67 ’
AN
- . -
14 , .
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half of the principalsdreceived,letters containing no incentive and the
other half received aletter offering the aforementioned $5 incentive.

The study is still in progress. and its results are unknown at this time.

' éonclusion
A review of several points'may serve to highlight the eoncerns

evidenced here, and simultaneously clarify what we consider to be the

proper role of experimentalvdesign>in evaluation. It is clear that when
"both evaluative functions and design functions could not be served equally’

well most dec:slons were made from an eovaluation basis. It seems obvious

that if experimental design is to serve evaluation needs, that will always

..be the case. )

\
L

The following are actions taken in the NSF evaluation which reduged

the experlmental d051gn s power. A qua91~twperlmenta3 ‘rather than a true~

PNl

‘  experimental design was-used: "The selected sample did not have the size.

. . 9
e desired for “detecting differences between the project ‘regions and,eontrol

"
o " ¢

- reglons. Lach fac*orlal dcsign or1g1nally incorporated four city strata.
However; S0 fcw schoo]s were 1ncluded from ver§ largc c1t1es that the four
strata were collapsed to two, in order that the. data analysls would have
reasonabledpower for detecting ‘the project impact on schools in cities df

~ different sizes. 1In addition, the techniqnes used in seleeting teachers
and classcs, and’ ‘the difference in methods used for collecting the data-.
from proJcct and contro] regions may posc serious problems in the 1ntcr—
pretation'of data if those methods appear to be.the"cause oﬁ_d;fferentlal
results. among the schools. ~

- Though some cxpectations were reduced by the compromises, the design

still‘offers a credible basis from whie™ *  .aake evaluative dcci ilons and

ERIC:  ~
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diseuss results. The quasi—eiherimental design providcd'for pre—nost
compari°ons of each proiect region with its control group. The factorial

design gave focus to stated curiiculum cmphases, and allowed for differ—

entiating each project's impact on ruralfand urban areas. Design consider-

o

ations caused an awareness of critical concerns in selecting the control
group, determining the samgle size, and ‘in distributing the sample Wlthln

*the factorial design. Also, design conciderations prov1d°d an atmosphere.
' - :

.

that fostered_the gtowth of research (thelincentive study) compatible to

evaluatien ebncerns._ Most inportant,'the design established alternavives
and caused~the evaluation team to set priorities based’en'expectations of
each_alternative?s_Qalue'for'the egaluation arnd for the NSTF Comprehensive
Projects as ; whole. |

Ideally an;experimen;al design can be as potent for the evaluator_es

the researchers. Practically, based on experiences stich as the evaluation

just described, we know that experimental design can at a minimun serve in

defining strategies and setting prioritics. Therefore,.it deserves to be

¢

included in the. evaluatpr s ''tool kit"“to be used in improv1ng both the
o

~decision-making process and the resulting decisions.

6
O
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