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studies and at the same time to investigate theoretical causal
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ABSTRACT

ol

-

The Use of Path Analysis .
in Program Evaluation - ' .

Nick L.

Smith

- ) _ Stephen L. Murray

Northwest Regional»Educatidnal

Path Analysls techniques pr?v1de evaluative

.

unlque capablllty for studylng the presumed causal relationships
8951gns,

it ‘'enables evaluators to conduct local decision-oriented studies while -

: underlylng soc1a1 anﬁ educatlonal programs. With appropriate

simultaneously investigating fundémental‘céusél'mechanisms. In this

paper we provide a brief overview of Path Analysis and 1llustrate its ™

use in an actual evaluation study.

In the concluding pages, we hlghllght

the major strengths and weaknesses of us;ng Path Analysxs ;n program_

evaluation.
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S THE USE OF PATH ANALYSIS IN PROGRAM EVALUATION

. . .

. PATH ANALYSIS: A BASIC DESCRIPTIDN

. . As Rossi and Wright (1977) have recently noted:
! ‘

~ -~ . ”~

. ) There is almbst universal agreement among evaluation
researchers that the randomized controlled experiment

is the ideal model for evaluating the effectiveness of
. s a public policy. If there is a-Bible for evaluation,

- " theé. Scriptures have been written by Campbell and Stanley

\ : o (1966), along with a revised version by Cook and “
Campbell - (197%). The "gospel” of these popular texts
is that all research designs can be compared more or

less unfavorably tfo randomized controlled experiments,
departures from which are subject to varying combina-

tions of threats to internal and external validity. (p. 13)

b
IE“&S alsovwideiy recognized among evaluation researchers, hdweveF, thea
randomized controlled experiments c&n rarely be conducted except with
specialized typeseQf treatments or programs. Many conditions, such as
the following, have forced-evalﬁators away from experimental and even

non-experimental approdches:

° the inability to operatib alize treatment variables because
© of their pluralistic and political origins; o

® difficulty in adequately monitofing, let alone controlling,

A the administration of treatment conditions due to their

frequent complexity and:ambiguity;

° difficulty in establishing meaningful control groups since
withholding of treatment is frequently seen as illegal,
_unethical, or discriminatory; 'and

° the inability to spend the amount of time necessary to
adequately conduct and analyze suitable field experimentsg
\ because of immediate needs for policy information.

. To date, most program evaluation studies have employed quasi-
experimental cross-sectional studies without randomized control groups.

Such cross-sectional studies have the advantages of providing for:

‘

O
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' problems that arise within the cOhtext of proeram ew‘?uatlon- Whlle\~ o

. ' Id ' ) "

”l «
e the relatively efficjent Collection of data within a
short time frame; '

e the study of 1nterrelatlonshlps between variables at one
point in time; j& : . .

~
e the geﬁeralizé({gﬁ of reSllts to populations of ipterest. 5{
(given proper samplind) - * ’ ) . .( )

e the elimination or contr®l of some confounding factors; ang

e the use of a vast arraY of analysis methods that have been
-developed over the years for use with cross-sectional data, <, o
,'(’ \ . - * ’ .

s
Cross~sectional studies result jp statlc models, however, that do

not provide a basis for under?tandlng the structural Qr causal Kelatlon—

- ships among the components of the Drogﬁam being evaluated Althouzh -

causality’continues to be & contFOversial tapic in phislosophy as w&1l as '
,in the 'social sciences (Broudy 95\31_‘ 1973), it is a Prime concern of | -
not only the practltloners but eSDec1ally the consumers Oﬂ,evaluatlon

d .

research. , ' o v

Path Analy51s provides a fleXiple means of'addresslng the causal

"path analytic technigques have bee“ designed primarily for non- experimental

data, they can also be applied to experlmental, cross-sectional, and
longitudinal data. Although €auSal inference is partifularly diffjcult
in non-ekperimental research, ©On€ of‘the'virﬁues of Path Analysis jg -
that ‘in order for it to be validly applied, the research€r must make
explfiit boLh the theoretical fo¥Mulations of causal reiﬁf%Onships

within the progfam and any asSOCiéted aSsumptions. Path Analysis, then,
provides a means of empirically testinguthe>tenability and consistency:

of the Assumed relafionships. It forces a sharpening and testing of
. 1Y .

both the iogicaL and empirical P3Sis underlying programmatic causal ’
claims. -
The next secti of this P2Per provides a brief overview of path

* . Analysis. Following sections ¢9"tain an application of Path Analygis in

evaluating an educational prggram and a more detailed discussion of the

advantages and problems of usind Path Analysis in program evaluation studies.
R - .
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~ Overview of Path/Analysis ’ ‘.
‘<, ) Path Ahalyézs orlglnated in genetics with the work Lf erqht (1921,
, 1934, "1954, 1960a, 1960b) who developed the method as:

. ) an extension of the usual ve}bal interpretation of
o Y statistics, not of the statistics themselves. It .
/ _ ‘ .+1s usually easy to give a plausible interpretation )
~ of any significant statistic taken by itself. The
' T '~ purpose of path analy51s is to datermine whether a
proposed séet of 1nterpretatlons is consistent
- throughout.\ (1960b, p. 444) . .

Soc1a1 scaentlsts were introducted td Path Analysis primarily as a resnlt
- 4 of Blalock's (1964°\ 1968a, 1968b, 1971) and Duncan's (1966) use of
causal mpdelinq,in socioquy. Land (1969) helped to qeners}ize the
method by developinq the ﬁethodology ofﬁPa£h Ahalysis from basic defini-
tions and assumptions rather than from emphasizing the constructlon of
basic equations within sociological théory General' dlSCU&b}Ons of Path
Analysis are provided in Duncan (1966), Land (1969), Blalock (1971),
Werts and Linn (1971), and Spaeth’ (1975). Sincé their introducfion,
Path Analysis techiniques have been used in research studies on a wide

variety of problems including:
. v ‘ , ™ - v
9 p Gob performance (Greene, 1913, Lawler, 1968, Wanous, 1974)
LI | .role perceptions (Miles, 1975) ;
aggression (Eron, Huesman, Lefkowitz and Wolder, 1972), {

' ﬁ life satisfaction (Sears, 1977) .
! soc%al stratification (Blau and Duncan, 1967) '
N educational aspirations (Sewell and Shah, 1968)

educational achievement (Anderson and Evans, 1974) ‘ g
teacher characteristics (Anderson and Evans, 1974)
college environments (Werts, 1967)

Path Analysis, as most of the other forms of'causal modeling, can

-

be characterized as:

- // ’
- : \ a. relating primarily to the aqalysié of non-experimental,
data and the absence of laboraEgzy or experimental

controls;
\ N

b. employing hypothetical copstructs to specify presumed but
latent variables which, though not always directly '

. observed, are implied in the relationships with the

.. observable variables;” and ' S i

. ‘ c.” utilizing a systems orientation reflected in° t use: of (
setg of interacting relational equations (Goldbé%qer (
andzDuncan, 1973).

I3

!

Q .
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Path Analysis involves the construction of explicitly formulated:

alternative gtructural (cauéa[) models which imply different, pattdrng of

relationships amonq variables. path Analysis makes the underlying

causal reasoning explicit {}<.hu form ot path diagrams and structural

AN

equations. Reqression analysisNG then ased to econfat ruct "path '
oo . . : . .
coefficients" (beta weights). Models inconsistent wlth the data are

rejected, while those not rejected arce viewed as plausible causa

patterns to be further stflied. Causdtion cannot be unambiguously
. - .
demonstrated using these techniques, but some causal patterns can be

rendered more belicvable than others. , ’

Spacth (197%) has pointed outr that I‘(\H\( An'xlys:if;'/i:; not a single

statistical procedure: ’
* h i Instead, it is a family of ways of analyzing data. The
members of this family are models depicting the
influence of one set of variables on anothers  (p. 53)
-

9 . . . - .
/ Models whicli may .be given path’ analytic interpretations, and are therefore
L] - ‘, . . ' » . . ’ ) . - i
members of this family, include ordinary multiple vegression, confirma-
* kY
tory factor analysis, canonical analysis, andd two-4st age least squares,

v .
It should be emphasized, therefore, that Path Analysia 1s not just a

special use of ordinary r.uqness-;ion analysis, though regression analysis
is used to compute path coctficients. In Path Analysis, @n equat ion
represents a causal Llink and not just an empirical association, whereas:
in least squares regression, ar('e({ue\ltion simply reprefents the mean of
the dependent variable as a function of the inde;-)endcnt vartables.
Least squares regression procedures t;i.Ve inappropriate estimates
whenever the causal equa ‘Lor;s ¢8ntain unobservable variables (grro'r-s'
of méasuremént) , reciprodal causation (si.multane'ity) or omitted variables
(ihédequate contrg;l) . If none of these conditions exist (or at least
oﬁe makes such an assumption) then least squares reqgression does dive
sultable parameter estimates. "-(See- (;oldbénj(‘r and Duncan, 1973, for a
detalled discussion of this point.)

The following assumptions are made in the use of Path Analysis.

. !

These assumptions have to be met to obtain valid results from an

N

application of the technique. ' JL

Ly

Q - . " ‘

ERIC ,

Aruitoxt provided by Eic:



. . 1. A clearly defined, expltti ly spoc\fied causal aystem.which
ihcludes all releVant variables is assumed, ‘

’ 2. The form of the model must be correctly specifigd’with L
variables ordered correctly from the pojnt of view of both
theory and measurement procndufes.

3. Within the structural model a change in one variable is,
always a linear function of changes in other ‘variables.

. - . 4. Dependent variables are assumed to be ‘uncorrelated with . ?

. each othets, ' o Cohe N
L, . v v

5. 'Hypothetiéﬁl unmvasurod variables are u%sumpd to be rontlnudﬁa.

6. Measurements are assumed to have a high dvqrvo of rolxnbxllty
-and validity (low measurement error).

7. The dgtd must meet all multivariate regression assumptions <

i including: . '

® interval scale measurement,
4 >

s _ : e homoscedasticity,,

- ' R . ) . .
® relatively low intercorrélations among causal variables
\ ysed as predictors,

\ e linear and additive effects amonqg variables,

) . . oy ' _

Ji e residuals are uncorrelated with a mean of zero and unit
- . * variance, 7 v '

- " A0

e fixed effects independent variables.
Path models may be recursive (involving only one-way causation) or
non-recursive (involving reciprocal causation),. For the sake of clarity

;o and simplicity, this paper deals only with recursive models.

5,

¢

A path diagram is a graphic display of the order in which variables
.t J
are-assumed to affect one another. Variables in a path diagram are

. . ] . . Lo,
either endogenous or exogenous. An endogenous variable -is one which is

< dependent upon other variables in ihe diagram while exogenous variables

. are thosé,Which-affect endogenous variables. Since there can be more
LI ¥ , N
than one stage of causation displayed;in a path diagram, some &ndogenous
: e o v
variabldd may act as exogenous variables for subsequent endogenous

variables. The initial vériaples in a diadgram, however, are always

exogenous to that‘sxstem ‘ ‘ ' } .
Conventions for drawlng path dlagrams are descrlbed hy . Land’(1969)

Arrows are drawn fr&h 6br1ab1e5 actlnq as causes to varlables acting as
.
,effect§ Initial oxoqqpoui varlables are linked to one another by curved
J'
lines with double arrowq:.~Fol ¢xample, suppose one-assumes_that X is
. : ri.{f «:sl-’_ “o ’
. - . : y \{;. R

ERIC B
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caused by both A ang B and that one ig ot interested in the cayses of A or B.*®
; ' . oy

This wopld be repragented a% below in pigure 1. T . o ’

v . . -

T .

N - Figure 1. A simple cavsal model

© e
r

Analysis is degigned to/produce measuréé of relatidnspip bé{Qeéé a | ,
given @ndogenous vapjable and baéé of ¢he exogenous variables bn.wﬁiCh
it ig dependent. These indiGes called "path coefficients v The
reductlon of the effects/of any exogengys variable into its giESEE ,
§££SS£§ (dlreCt Paths oﬁﬁlﬂfluence): and 1ts £3§3£§£E~§££§££g (effects
analodous to the effects of an antecedent varlable as transmltted throuéh
an intervening variaple), "i8 a major feature of thsﬂfath Ana1YS15 technique-
The reader is referred to Land (lge@) for an extensive digcyssion of
+ the pfinciples of’ Path Analysls 1ncludlng deerathns and lnterpretatlons .
of path-coefflcmr:tS in VarlOus types of_path models: Spaeth (1975)

. provides a detaileq Cémpariﬁon of the 16gics behind predictive jgast :

sqiares models and totally FECUrSive path frodels.

PATH ANALYSIS: AN appLICATION -
\W

-

Be fore proceedlng to a More detalled dlscu551on of the general
. advantaqes and probjems of Uslnq Path Analysls in program evaluatlons,
a spec1f1c example {g Offered here td help familiarize the reager with
the basic appranh, This eX¥ample Cohcerns the appllcatlon of Path
Analysls to assess the clasSYoom impacy of a teacher training workshop-
(This ekample was ope facet ©f a more omprehensive evaluation sthdy

that Was reported iy Murray €t al., Note 1.)

Q . | - . «IAL'l '
ERIC S
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“The Evaluaticn Problem . ‘

4
‘to increase the skills of school teachers in systematlcally carrylng out

'

a

-An evaluatlon study was conducted of.an 1nstructlonal system designed

.a flve—steptmethod of problem solving: , (a) identify the‘problem,

(b) diagnose the problem situation, (c) consider alternative actions,

(d) try out‘a plan of action, and (e) adapt the plan.

Particgpantsyare guidedvthrough'16.séquent;a1 and cumulative training
units, each consisting‘of a serieg of’ concept papers, group diScdssions,
ang,exercises. The materials Qere~designed to develop participant knowl-
edge and participant'ability to use the problem soiving process 1in .
identifying and diagnosing classroom, school,’ and peer—related problems.

The instructional strategy of the system is based on a pattern of
repeated diagnoses carried out in small training groups of three or .
Six persons. The knowledge gained through this process provides the basis
for selecting and 'designing action plans to' solve the identified problems.
A simulation exerc1se pr9v1des opportunltles for part1c1pants to practice
Skllls in tra1n1ng groups and to learn -to observe and 1mprove their
teamwork behaviors in a workshop setting. " . )

Thirty~eight fourth, fifth, and sixth grade teachers comprised the
treatment g¥roup that attended inStructional workshops in one of two
locations. Data\were alsc gatheréd from another 24 fourth, fifth, and
sixth grade teachers who const1 uted a non ~randomized control group.
Analysis of a background questionnaire revealed that the treatment group’
and the control group were similar in terms of proportion of males to
females,‘age¢ years of teaching experience, and reasons for attending
the workshop. However, a somewhat higher proportion of control group

members had obtained a master's degree.

One purpose of this evaluation study was to investiga{e the impact\

_of workshop training on classroom activities. The pattern of relstion~

. ships among outcome measures was examined through the use of Path Analysis.

Evaluating the impact of teacher training on students requires the
definition of a sequence.of'outcome measures which allow the training
activities tq be linked with student outcomes. } When there are well-
defined student objectlves, evaluating the 1mpéct of teacher training
is straightforward. 1If student objectlves are missing, as they were for
this system, the evaluator must use what information is available

to infer a sequence\of training effects. ' ‘ '

15 o
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Such an inferréd sequence of effects can be portrayed in a path
diagram and Path Analysis can be used to test the ;nfefred causal
relationships.  Representing treatment effects in a path diagram also
helps identify "weak links" irh the chain of effects expected to result
from training.

One of the path diagrams used to assess classroom impact in this
evaluation stu&@’is presented on the following page., Tgaqher Age,
Teacher Sex, Class Size and Training are assumed to influence Democraéic
Classroom Control both directly and through their influence on Teacher
Orientation Toward Task Accémplishment, which is assumed to -influence
Democratic Classroom Control directly.

These variables were sglected for this path analysis on the basis
of their compatibility with the ovefail rationale of the instructional
system being evaluated. Teachef Age, Teacher Sex, Class Size and
Training (a dummy variable where treatment group = 1 and control
group = O).were all assumed go be reliably measured. '

Teacher Orientation Toward Task Accomplishment, which was adminiétéred
prior to and immediately following the workshop, is one scale from a self-
report measure of teacher orientation toward problem solving. 1In the

~

questionnaire, respondents are presented with a variety of realistic problem
N

situations and asked to estimate the probapilipy of their behaving or reacting

in a maqner consistent with the view of problem solving advocated in the

instructional materials. Responses to items are made in a five-point multiple-
\ : .
choice scale identical to that in the following sample itemn

Suppose something has gone wrong in your school--5omething that
affects everyone and has everyodne upset. What are the chances
that you would remain quiet and wait for others to analyze

the problem?

Almost none (less than a 10 percent chance) ' (
Maybe (about a 25 percent chance) ~

Possibly (about a 50 percent chance)

Almost always (about a 75 percent chance) i
Definitely (greater than a 90 percent chance)

Do w o

A split-half reliabilty of .71, corrected with the Spearman Brown Prophecy
formula, was obtained for Teacher Orientation Toward Task Accomplishment
based on a sample of 87 teachers. A test-retest re€liability of .61 was

obtained on this scale for the same group of 87 teachers. Since the
8 . 1< .
O
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Figure 2. Path diagram and standardized partial regression coefficients for the evaluation of teacher

training in terms of its impact on the level of democratic classroom control
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test-retest reliability was based upon pretest-postteést. administrations
designed to assess: training effects, the test-retest reliabilities
should be interpreted as conservative @dtimates of stability.

Democratic Classroom Control is one scale on the Student Activities

Quéstionnaire (Ellison, Callner, Fox, and Taylor, Note 2),:a multiple-

choice questionnaire designed to measure various aspects of classroom
élimate. It was administered to the treatment group. after the first week -
of workshop. instruction and again after the completion ofitraining thrée |
months later. Similar data were collected from the control group, although
aue to scheduling aifficultisﬁ, oAly two months elapsed between the pre- and
posttest administrations. This scale is a measure of student inpdt i%;o_v
classroom decision making, planning of individual activities, and enfgrcement
of rules. Students with high scores on this scale report that Fhey are
allowed frequent input through discussions and planning activipies and ,
that decisions are made through the joint effort of’ teacher and students.
This scale waé selected because of its compatibility with the "group
problem-solving" orientation of the instructional system and its
compatibility with information on héw past trainees had used the training
in their classrooms. ’ i
Intraclass correlations-of .79 on the pretest (based on.84 clégsrooms,
l,4é9 students), and .72 on the posttest (based on 73 classrooms, 1,213
stddents) were obtained for Democratic Classroom Control. (The intraclass
correlation is a function of withimgroup and between- group variation of
student reébonses and constitutes a measure of consistency or reliability
using the classroom as the unit of analysis.) A test-retest reliability
of ;45 was aléo obtained (based on 73 classrooms, 1,213 students) but must

be considered as a conservative estimate because of the intervening treatment.

The Path Model - .

Two recursive structural equations correspond to the path diagram

represented in Figure 2.

= . + + P
Z.=P_ .2 +P. .2 P53z3+é’424 5’az

’

10



L] '
| '

: The first equation represernits the influence of the exogenous B
variables -ori Teacher Orientation Toward Tesk Accompllshment By solving:
this linear regression equatlon it is p0551ble to make estimates of J
the diYrect effects (path coefficients) of the prlor variables on ‘this
endogenous variable. While these path coefficients do not in themselves
1nd1cate causality they can be used to assess whether or not the data are
consistent with the prior causal mddel. TaRQle 1 presents the sténdardlzed
partial regression coefficients or‘bath coefficients for the varlables

in Figure 2 and the multiple correlatlon obtained for explaining post- !

training Teacheﬁ Orientation Toward Task Accomplishment.

-\\‘

3 . ’ Table 1
\ o . o~ ,_
Multlple'Egrrelatlon and Standardized Partial Regression

Coefflicients for Explaining Posttraining Teacher
Orientation Toward Task Accomplishment?

~ Standardized
Exogenous "~ Multiple Partial Regression g
i Variable » Correlation Coefficient p~Value
. k]

Teacher Age : .46 R -.50 .01

Teacher Sex- -.23 ‘ .19

Class Size _ .21 ' .23

Training - , -.16 .37

T

a . : - . .
Only subjects for whom there were complete data were used in this
analysis. (Treatment Teachers N=26, Control Teachers N=10)
“

It is apparent’from examining Table 1 that the training did not have .
any direct effect on TeacherlOrientation Toward the Task ‘Accomplishment
as the corresponding coefficient was ~.16. The multiple correlation
resulting from regre551ng posttralnlng Teacher Orientation Toward. Task
Accomplishment on the four variables in the path model was .46. The
only 51gn1fic§nt path Foefficient was for Teacher Age (p < .01),

indicating that younger teachers saw themselves as having stronger
\ .

s
Q : \ 16 S
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z2_ =P + P + P Z_ + P Z, + P Z_ + P Z
. 6 6,1 1, 6,2 2 6,3 3 6,4 4 6,55 6,b b
- C"‘ .
represents the influences of all flve varlables on the classroom impact
varlable, Demo¢ratic Classroom Control Table 2 1ncludes the multiple
correlatlon and the path coeff1c1ents 1nd1cat1ng the relatlonshlps between
3 ‘each of the exogenous varlables and the -level of DemocPatic Classroom Control
r Table’ 2 R
b
Multiple Correlation and Standardlzed Partial Regression
. coefficients for Explalnlng Posttralnlng .
Level of Democratic Clas$room Control
) . Standardized
Exogenous ! MultiplQQ‘ _ Partial Regression
Variable QEérelation Coefficient p-Value
. : , . * .
Teacher Age .57 , .24 R §
‘ | Teacher Sex : 22 .20
r Class Size .20 [ : .24
‘Training ] -.02 .93 .
Posttraining Teacher o . .49 o o001
Orientation Toward . J
Task Accomplishment l -

Only subjects for whom there were complete data were used in this
analysis. (Treatment Classrooms N=26, Students N=650; Control
Classrooms N=10, Students N=281) : ’

. @
The multiple correlation of .57 is significant (p=.03) and indicates

that the model explains 32.5 percent of the variation in the classroom

impact variable. The path coefficients (standardized partial regression
coefficients) indicate that the data suppoerted the hypothesis that teacher
problem orien;atiOn (Teacher Orientation Teoward Task Accomplishment)
influencéd classroom climate as perceived by students (Demoératic
Classro¢m Control). However, there was no evidence thég training had

ény impact on classroom climate.
: £
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. _ In summaryY, the apalysis of the model represented in Figure 2
~ suggests that:

e youndger teachers saw themselves as having stronger Orientations
. _ towards task accomplishment;

e post-training teacher orientation towards task accOmplishment
influencéd subgequent claSSYoom climate as perceived by
students; but

e training had no influence ON either task orientation or
classroom climate. -

An analysis of covariance, which controlled for grouP Pretest
differences, Nad been conducted prifr to the causal analySis and no
significant training’effect had been found. By using path Aﬁalysis with
, . thé non-randomized control group, 1t Was posgible to not Only test for
direct and indirect training effectS, but to investigate the causal
relationships Which were assumed to lead to the desired classroom impact.
The cadsal model supported by the data would look like Figure 2 without
\‘ the two training arrowg. )

Having briefly iljustrated one means of using Path Analysis in an
evaluation tudy, a more complete discussion of the general advantages-

and problems associated with the use of the technique in PTOgram evaluation

iS nO;N roprlate.
\ PATH ANALYSIS: AN EVALUATIVE TECHNIOUE

Path Anal¥Ysis is 3 powerful technique that offers exce€Ptional
capabilities tO the evaluative researcher. There are major difficulties{
however, in 1tS arplication that limit its uge in program €Valuation
work. The strengths and problems ©f Path Analysis are disCussed more

fully here in this final section of the Paper. >

Strengths of Path Analysis

path AnalYsis provides the pro9ram evaluator with uniqUeiadvantageé
(, and opportunities not available with most other techniques- Several

of these special advantages are highlighted in the following:

o . | | 20
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Provides a means for modeling of cogplek;programs. Path Analysis

provides a ﬁeans-pf incorporating recursive and reciprocal causation and - °
unobservable variables into evaluative studies of pfograms. The
resultant analytic models are a more faithful representaéfon of the
dynamic reality of.the érograms theméelves. With this techn%que,
programs will not need to bef simplified "beyond récognition" just in

“order to-be~évaluated., o Y
L
\ -
Forces consideration of alternative models. Path Analysis requires

the explicit specificationlof presumed causal relationships and forces the
researcher to consider several alternative causal models. , (In thé example
presented above, twelve alternativé causal models were identified and
considered in the course of the study.) These c&mpetingamodelgbcan then’

be  tested simultaneoﬁsly using not only correlationalpinformatioﬁ; but other
observational and experimental data. The technique, therefore, broadens the -
realm of inquiry and helps forestall the "pet theory" and "objectives driven”
biases evident in much evaluative research. Path Analysis provides one means
of preserving an evaluator's objective detaéhment by enabling him or her to

simul taneously investigate mult{ple working hypotheses (Chamberlin, 1965).

Enables the study of both direct and indirect effects. Path Analysis

enables the researcdher to study both direct and indirect effects on
dependent variables as wé&l as tb analyze correlations between variables
into various components, depending on the causal .models postulated. Path
analytic teéhniques provide a means of distinguishing between (1) compo-
nents due to the mediated Jffects of one variable through another
variable, (2) components which are due to correlations between various
causes .in the system, and (3) spurious components which are "due to one
variable having a common cause with another variable in‘the model. The
identification of indirect effects is crucial both when evaluating prograﬁ

impact and when making program revisions.

Permits incremental revision of the structural model. If a path model

is overidentified (that is, the information from the observable variables

provides more than enough information to determine the structural parameters,

as when certain path coefficients are hypothesized to equal zero), then it is

possible to employ this information to revise the model. As a part of

\

I
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s the evaluatlve study, speCJal testing procedures can then be employed
which 1nd1cate what part$S of the model need Ytevision. These procedures
- allow the evaluator not onlY to test the tenability of the overall
model, but to revise sectiONs of the model, all within the contgxt of
voﬁe evaluative study. (Seér for example, Pedhazur, 1975, and Goldberg
and Duncan, 1973.) . )

Enables the estimave 9f the severity ofithe various biages. Sources

. of bias and the means of ©5Yimating their magnitude have been extensively

A .
studied for traditional leaSt gquares methods. since Path Apalysis is
)
based on these metbods it is p0551ble to 1dentlfY and measure the sources

of bias in path models t© & Much greater extent than Wltb most other

technlques in evaluative réS®arch. These sources of bias are ldentlfied
®

in the sectlons below concefned with problems in Path Analysig,

Can be used on a heUrlstic, logical, or statistical levej. as

illusfrated above) pPath Andlysis was designed primdrily as a logical and
<, .

statlstlcal approach for testlng hypothesized causal models. path .

" diagrams can be used, howeVer, “as a purely heuristic device for charting
presumed causal relatlons The expllcatlon of causal relatiopns can be
useful 1n plannlng evaldatlgn studies mmether they are to be experi-
mental or non-experimental in nature) and in studylng the logjcal
consistency of the impliCif "theories in use" which guide program development

¢

and relate program activiti®s to program goals. '

Permits developmental testing of innovative programs. The development

of innovative programs 35 5Ometimes based on explicit rationales which are

. 0 ~ -
contrary to standard practi®e and which have little substantiation in
past research. Path AnzlySls provides a means of exPlicitly delineating
3 . : . o
the rationales of these inMOvative models and of testing their tenability

“
in their current developmetal forms.

Provides greater contiNuity and generalizability to evaluation findings.
Path analytic technique$ P*®vide a means of studying the basic causal
relationships within s?Cial and educational programs.- By including
treatment and comparison 9TOups in path models, it is possible to
conduct comparative evaluation studies helpfhl to decision makers and at
the same time to conduct fes&énch Studies of béSiC‘Proérammat;c mbchanisms.

Such an approach providées both jocal decision-making informatyon, and the

more basic programmatic infOrmation that can be accumulated and i
\ ,
' i edin 1 ] ;
generalized across succé g evaluation studies.
)y
Q X,
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Problems with Path Analysis

As Feldman (1975) points out - :

« Like most aannces, however, causal-correlational
analysi§ is not an unmixed Q;iifing. To be used
) properly, many issues must b dealt with in each
> study, on both statistical and theoretical levels.
Failure to consider these issues leads to serious
restrictions on the inferences that may be drawn and -
on the theoretical relevance of a given set of results.

, (p. 663)
\ Pl

Some of the technical problems associated with.the use of path analysis

N

procedures are presented below, followed by aKdiscussion of the more
pragmatic problems. The reader is referred to\the cited publications

for fuller discussions of the technical problems which follow:

The Problem of Congruent versus Incongruent Influence

o
In a path diagram, if variable A appears to be causing changes

in variable B in ‘a congruent direction, that is, A is increasing
the agreement between A and B scores, it could be instead that B
is causing changes in A in an incongruent direction, that is, B
is decreasing the agreement between A and B scores. Since the
Path Analysis method alone does not specify which of these

- interpretations is accurate, there is an' inherent ambiguity in
the interpretation of the findings (see Rozelle and Campbell,
1969, Feldman, 1975). . , ‘

. !

)

\\ The Influence of Causal Interval on the Structural Relatipns

\"\ In some cases the structural relgtions between variables in
a path model differ depending on the causal. interval used. For
example, Sears (1977) found that in studying life satisfactions
over a 50-year life cycle, the highest predictive value of any
variable is for variables measured at the succeeding decade.
Thereafter, a variable's direct predigtive value diminishes with
time. Similarly, Porter et al. (1974) found systematic changes
over !&me in tHe correlation_between job attitudes and turnover.
Since structurAl relations can, therefore, differ depending on
the causal ipferval used, a theoretical justification is required
. for the use of any given causal interval in a study. (See
» Feldman, 1975.) ™ , :

The Problem of Necessity and Sufficiency

9

In determining whether or not A causes B, it is necessary
to determine whether A is a necessary or sufficient cause of B,
.or both, and whether it 1s the presence or absence of A that
exerts the causal influence. Although the design of the data
collection may make such a determination possible, the mathema-
tics of Path Anélysis per se do not. (Ssee Howard and Krause,
1970, ‘Feldman, 1975.) ' ‘
§ R
Q 16 L‘_) : »
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’USpec1£1cat10n érrors result from the use of a wrong or inappropriate

~
. . v : - ’ . - -
The Problem of States versus Changes in States - .

. .

Both causes and effects may be states (static) or changes
ln statqﬁ (dynamic).. @ With continuous Varlableb there are four
.different causal patterns p0551ble.

° static—static: A certain ﬁtate of A causes a
b certain state of B;s . ° : S
. X V . -~
® static-dynamic: A certain state of A causes a L
berta{p change in';he'state of B;
-~ ‘ "

) dynémic—static- A certain change in the state of ‘
A causes a-certain state in B;

e dynamic-dynamic: A certain change in the state of "
A causes a certain change in the etate of B.

Finding that one pattern exists does not necessarily eliminate

the other three. (See Howard and Krause, 1970, ¥Yeldman, 197%).

In program evaluation, this problem is related to the use of °~ * -
posttest scores (static) or change scores (dynamic) in assessing
program impact -on, dependent variables. .

The Problem of Multicollinearity

When the, exogenous variables in a causal model are interrelated
(multicollinearity), it is not possible to unambiguously deter-
mine what proportion of the variance in the endogenous variable
is accounted for by each of the exogenous variables. If the
exogenous variables are highly lntercorrelated then $light
changes inm the patterns of intercorrelations (due perhaps to
measurement, specification or samplinc errorb) may result in
substantial, changes ip ‘the magnitudes of the regression

M -

-coeffivients. Multic¢ollinearity often arlses when multiple !

indipators’are used in the regression estimates for the variables
of prime intercst. (See Pedhazur, 1975.)

The Probl »m of Measurement Errors

“

, One of.the aSgumptions of Path Analysis is that the measurements
" have perfect liability and validity, i. ey, are free of error.

The greater the errors of measurement however, the more questionable
the 1nterp¢eta jon of ‘the raldtive magnitudes of the path coefficients.-
in the structural equatlons. (See PedHazur, 1975, for a long list
of references.) S )

o

. o 4 : )
The Problem o£~Spepificatién Errors ‘ . . ) _

model, such as when ré~évant exogenous variables are omitted from
the. regression equatlgn, when irrelevant variables are included,

.0f when linear or additive models are used but are inappropriate.

0 17 =
< .
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" Although specification errors can-be controlled in experimental

| o ’ .

-

research through randomization, they cannot be controlled in non-
experimental research and the subsequent addition or deletion-of
variablgs to the path model may substantially alter the magnitudes or °
signs of the regression coefficients. Only clear, stronp.theoretlcal
formulations of the path models can forestall serious specification

errors. (See‘Sp eth (1975) for an -extensive discussion; also Pedhazur,
1975.) ‘ o :

.

- > . ‘

The Problem

-

Path Analysis assumes both lineariky and additivity.. Though in some
cases non-linearity and non-additivity (interaction effects) can be
handled through the use of dummy variables and polynomial regreséion,
the interpretationjof the regression coefficients in these cases remains
ambiguous and prob ematic. _Though Path Analysis ag#umes linear additive
models, such models may be too simplistic for soméjg;ogram evaluation
apblicatiogs.(SCe‘Podhazur, 1975.) : !

-

of Nonlinearity and Nonadditivity

-,

The Problem of Pardmcter Ldentlflgatlon .

Becadse-standard reqressionégauations contain only observable variables,
the values of equation paraheters can be directly deduced from the
observable variables. By contrast, the structural equations in Path
Analysis may contain unobservable variables and, the problem arises

to what techniques to use to uniquely deduce the values of all the
structural parameters (some of which may be unobservable) from just the
observable variables. The identification of parameter values under
reciprocal causation presents a problem, while models that assume
one-way causation and non-correlation of residual variables are
conQ)ltstézly ddentifiable and so do not have this problem.  (See Goldberaern
and Duncan, 1971, and Land, 11769),

In addition to the above technical problems, theve are some pragumat e

v

evaluation studies.

Time and Resource Reguivement: ,
\ .
when Path Afalysis is used in evaluations to gssess treatment

effects over specific causal intervals, then data must be
COllGLtO(i(MIJmultiPlO variables at several points in time.,
Because of Lho complex medeling and additional data collection,
pPathy Andlysts is likely tou be more expensive and time Consumi ng
than simple pre-post procedures.

A briori” Knowledge Demanded

The proper use of PatM Analysis rcquireS that the evaluator be T
able to'a priori specify all rolovaﬁt variables and their order -
and relat tonship i'n one or more causal models since a fives

variable system can he port rayed in 1,048,576 posaible }'Ul\fiii"\irat ions
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(Young, 1977), Path Qpalysis may not be appropriate, therefore,
for develgpmental Or innovatjve educational programs yhere®the
presumed causal rélationshipg are largely unknown or' yye
unidentifjable du€ to continy,al shifts in program rationale.

Complexit of’Inter retation and Use

— rath mode}s with four Or more variables become lncreaSLngly
complex and problematlc to yge. It may be that mode] g - Whlch
appropriately represent most programs will be Slmply tdb. complex v
and the Calculatlon of coeffjcients and their 1nterpretatlo“
will be tgo teleUS to make the technique of practica) value

in many applled evaluation ggydies.
-’

Conclusion . ; . 5
Path Analysis proVideS evalysgtive researchers with 4 unique;Eapability
for studying the presgﬂed causal relationéhips underlying gocial and
educational prpgrams . With aPPropriate designs, it enableg evaluators
to conduct Local decision-orienteq studies and at the sape time to
1nvestlgate more fundamental causa] mechanisms—-an exqellent neans of
'COmblnlng fielq researCh with fieyq service. >
There are many difficult propjems associated with the valid use of
the technique, however: and dppropriate care Must be taken in its-
application, |t yemainS to be segp just how useful Path Analysis will
be in a variety of avplied evaluation settings. However, ;. appears

to be a promisipg approach for Program ,evaluation WhiChVShould now be

. 4
. aCtively testeq through thoughtfyy ause.

4

) . <O T » .
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