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82 student teachers. Additionally, the mean number of objectives
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measure of the fifth variable in the medel, evaluating the
effectiveness of instruction. A recursive causal podel which
described the relationship of these variables vas developed and
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coefflclents from these equations revealed that the variables,
specification of perforsance obiectives and diagrosing learners
account for three tenths of the variance in selecting instructional -
strateglies. Other results indicated there were lov to noderate '
amounts of variance shared by the variables of the nodel. This study
illustrates the application of causal modeling techniques in testing
theoretical models in education using data collected in naturalistic,
non-experigental set+ings. (duthor)
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Through Path Analysis
Jon J. Denton M. Patrick Mabry Lyman Maddox

.

Texas A&M University

Abstract

Causal modeling was applied to data collected in a naturalistic

setting in an attempt to validate a conceptual mcdel of teaching. These

-data included supervisory rat{ngs of the variables: specifying performance

objectives, diagnosing 1earne;s, selecting instructional strategies, and
in:eﬁacting with learners collected on 82 student teachers. Additionally,
thelmean number of objectives achieved by the c]asserof each of the student
teachers was used as a measure of the fifth variable in the model, evaluating
the effectivenessﬂof instruction. 'A recursive causal model &hich described
the relationship of these vaéiables was developed and analyzed, using four
1inear equations. Examination of the path coefficients from these equations
revealed that the variables, specification of performancé objectives and diag-
nosing learners account for three tenths of the variance in selecting<instructional
strategies. OQther results indicated :here were léw_to moderate amounts of
variance shared by the variables in the model. This study illustrates the
apprication of causal modeling techniques in testing‘theoretical models i&ﬁ

education using data collected in naturalistic, non-experimental settings.
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Causal Modeling ... 1

One nettlesome problem affecting research in teacher education has been
the lack of articulation between conceptual positions and empirical validation
of those positions. The distance between verbal descriptions, so common in |
teacher education, and empirically verified principles is vast., This situation
is due in part to the language used in the'theorieﬁg;br teacher education, the
operaticonal definitions uscd to define the variables tobemeasured, and the
statistical tools used in empirical verification. An additional difficulty occurs
when‘we attempt té use an experimental dés%gn well suited for the laboratory
but ill-suited for an operating classroom. Random assignment and stringent
controlcof independent variables are bften compromised in order tg‘gain access
to "real” learners. These adjustments result. in quasi-experimental designs
yielding results which cannot be generalized to other settings. |

Further, when tests of significance are the focus of the analysis, we
tend to be satisfied with significant results, and fail to relate the variables
under consideration to an overall model or theory. Alternate wethods allowing
causal inferences from naturalistic data have not been seriously considered.
Causal techniques developed in biology and subsequgnt1y applied in economics
and more recently in sociology hold promise for inferential research and mode)

verification in teacher education (1),

~

The purvose of the dnquiry hee been to empiredoally validate a conooptual
model of tvaching weilng caueal techniques with o obtained in naturalict ic
settings.

BACKGROUND ON CAUSAL MODELING
Basic to the specification of a causal model which yields accurate

N

estimates, is a thorough knowledge of the process being modeled. For instance,

LY !
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211 significant variables should be included in the model in 3 definiia aorder,

Furfher. the form and funqtion of each variabloe in the mode} must be specified

llustrate causal processes include developing additionalginsights inte the
topic and phras%ng cTearer'statements of hypotheses,

{n.discussing the tenets of causal modeling, we will consider causation
in the fa!lowing sense; A is the Cause of B, only if B can be changed by
altering A alone.  Thig notion of causation implies prediction and manipulation.
Additional!y, to understand what is meant by "alone" in the statement, it g
nécessary te_comprehend the concepts caysal order and refevant control. Note
that altering A alone does not exclyde the possibility that all other causes

of 8 are contrglled or held constant. If we change A alope, this adjustment

These changes in other variables need *not bo controlled when we examine the
effect of A on B (9).

Q. The preceding explanation of causatiop assumes that in order to state that
A is a Cause of B, one must perform an "jdea1® experiment in which other
variab}es:affecting_B are held constant, while A if being altered, fhis “ideal"
experiment is the underlying theoretical Proposition which forms the basis for
aﬁsuming the re?atiOnship between & and B. Additiona¥ly: the theoretical
Proposition jg expressed as g Tinear, gdditive and unidirectiona) systei,

Given thoge guidgiinvs. the relation between A and B can bo expressed as

a linear tunction: . B A, whorre represents the stagnitude of Change ip B

when A Changes one unit, This coetticient, . i called the effect coefficient.

Y
The effect coefficient i< equivalent Loy g coefliciont in g reqression equation
i - X

if the assumplions of Causal order and causal closure are met (10). If we

.-
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interpret regression coefficients as effect coefficients by depicting these
assumptions in a path diagram, then we are performing a path analysis.

Causal order simply meains that a sequence among the variables must occur,

To illustrate, X, Precedes Xy and may affect Xy but Xy cannot affec&xo.

,Generalfy. this ordering is accomplished in terms of time of occurrelé!\of

the variabdle or measurement of the variable in the total system. The second

assumption, causal closure asserts that for a causal relation between X and

¥ to occur, the covariation between these variables should not vanish when
the effect§ of confounding variables (those variables causally prior to both
X and Y} are removed. This limitation requires that we rule out all oﬁher
possible causal factors (3). On what basis can we besure we have satisfied
this assumption? The answer as you might expect relates to the vafiab}es in
the theoretical model or construct which provides the basis for the inguiry.

AN EXAMPLE OF CAUSAL MODELING

Theoretical Model

As the preceding discussion suggests, causal inference procedures begin
with a statement of the verbal theory which mades explicit both causal order
and causal closure. We have chosen a. five component Conceptual mode! of teaching
(2) to serve this function. This model describes teaching as a series of
sequential events requiring five distinct sets of instructional skills, that
s, Specifying Performance Objectives, Diagnosing Learners, Selecting Instructional
Strategies, Interacting With Learners, and Evaluating the Effectiveness of

Instruction.

Goecijuing Performance Objectives - The decisions inharent in this element

of the instructional mode] are instrumental in determining whether the entire

instructiomal precess can be successful in producing student learning. Restated,

o
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.

this idea becomes performance objectives-detennine the direction and focus of

instruction. Nhen performance objectives are selected and sequenced according
to a logical olan teachers are in a position of leadership and can Justify
their program to responsible critics. eFurtth beginning with objectives in
planning fér teaching is a well-established procedure in the literature on
curriculum development (14, 15, 16).

Diaynecsing Learners - Teachers need information regarding a learner's

readiness to begin a proposed new instructional sequence. The vrea.iness of
learners in this instance pertains to whether they have attainéd relevant
prerequisite knowledges and skills necessary to acquire the objéctives
established for an instructional sequeﬁcé (6,8). Bypassing this step in an
effort to save instructional time is false econamy, since the result may well
be frustrated, bored and unmotivated learners. When adequate diagnostic
information is available, instructional plans can be developed that meet the

informational and emotional needs of the learners.

selecting fngtructional Stratesics - In selecting instructional strategies,

~ v - ——

teachers are encouraged to structurse act%vities that are consistent with the
identified performance objectives, the eﬁtry Tevels of the learners, and the
events of instruction espoused by Gagné & Brigys (7). Ina sense, selecting
instructional strategies Ss inalogous to gencrating directional research
hypothewes. A strategy is creatud from a wide range of possible approaches
which, in the téﬁ%her’s mind, will likely bring ubout learner utfainmunﬁ vf the
performance objectives. The appropriateness Qf this strategy is "tested" during
the implementation and evaluation phases of instruction., Justification for the
position of this component in the mode) again is drawn from literature on

curriculun development (14, 15) and 1nstructiond) design {4, 8).
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Interacting with Learmers - This component represents the “QOing og
implementation phase" of the instructional model. The elegance éf the |
instructional plan is academic if the timing and continuity of the classroom
activities are interrﬁpted creating disorder and predictable management problems:
Thus, acquiring the ability to interact effectively with learners is, perhaps,
the most difficu1t‘set of skills for new teachers to attain. Mastering these
skills requires considerable practice in actual classroom settings, and
serves to justify the emphasis on the student teaching experience in teacher
preparation programs. Pragmatically, this phase occurs after the instruqtional
unit has been planned and developed.. Thus, the position of ﬁh{s component
in the mode] és established by logical and practical considerations.

Evaiuating the Erfectivencss of Ingtruction - This final component serves

to gather evidence duriég and after the teaching of an instrqctional unit to
determine whether the plan "worked " A review of each component in the
instructional model is undertaken in this component. . Representative questions to
illustrate thfs review include: Were the performance objectives appropriate?
Were the pretests really diagnostic tools? Did the instructidna} strategies
incorpogate the events of instruction? Were classroom management procedures
sufficient to maintain a favorable learning environment? Were the evaluation
tools valid for assessing learne} growth and program effectiveness? These
questions are characteristic of summative evaluation concerns {12) and product
evaluation (13). Thus justification for the position of this final component
in the teaching hodel is drawn from the professional literature on evaluation.
This model of teaching provides a framework tha’ encourages the development
of individual teaching styles. Individualized styles are encouraged because

evalyation of instruction is basedultimately on learner attainment of performance
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objectives. Given this operating principle, teachers and teachers {n preparation are
“ free to choose procedbres from their own:repertoires that they believe will fésu}t
in high levels of learner performance. Further, teachir responsibility is well
served by this model. This responsibility comes not because of the teacher's -
adherence to a set of "ideallrole behaviors," but. rather in adapting instructional
practice, as necessary, to help learners achieve performance objectives that
Eave been selected.
Causal Model
Yransléting this conceptual verbal model int5 hypothetical causal
‘relations is the function of the diagram provided in figure 1. ‘As indicated
previously, the path diagram indicates linear, additive relations among the .

five variables which are included in the model.

o .

. U - " place figure 1 about here - SR

-
S
{
’

Only the initial variable in the model is exogenous, that is, x, is not
EN @j‘ )

influenced by the other variables in the model. The remaining four variables,
'xz. X3s Xq» ¥g, are considered to be endogenous and as such are determined
completely by variables within thgxnode¥>a§ well as the resfdual variables,
. i.e., Rt‘ Ru, Rv. Rw. These residual variables represent the effect'bf

unspecified variables which cause variation in the endogenous variables.

The path coefficients <Pij) represent the effect of one variable (Xj) on

another (Xi)h

dnce the path model has been specified, a set of structural equations
can be Jdeveloped and analyzed ty provide numerical estimates for the path
coefficrents. 1t 5 also noteworthy that one fully defined structural equation

can be doveloped for each endogenous variable in the model. In the case of

our path model for teaching, four structural equations have been developed:

) 3
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= P, X

%2 % Paty * PorRe

X3 = PyyXy * Py Xyt PyRy
X4 = 43 + P Rv

Kg = PopX tPyaKytPo X *Po R

M

Theése strugtural equations then can be analyzed with simple multiple regression .

techniques.  The path coefficients, P, ., which are associated with various

1]
arrows in figure 1 are standardized Beta coefficients: that is PZI = 82‘. N
Theea put's o ietonty reprsent e proportion of the standard deviaties o s
the c’u"/m' lort variable divoctly auuzmt.c'cx’ Jor by independent variable when

the tnfluePUp of all other variables are vemovwd «11), Standardized Beta
coefficients from the four linear equations representing the various path
coefficients in figure 1 are presented in the results (Table 1).

.Backgrgund

The estimates in'taﬂlé 1 are based on data colle;ted from a samble of
32 SQCQﬁdary level student trachers who participated in a full semester-full
day student teaching program offered by the department of educational curriculum
& instruction at Texas A&M Unversity._ Dur{ng this experience, each student
teacher .is required to develop and implement two }nstruCtiénal units in'a
manner consistent with the model of teaching béinq validated in this analysis.
Evaluation of student teachers in this program includes Supervisor ratings
based on in-class observations, supervisor assessments of instructional
materials produced by the student teacher and cognitive gains by learners

of the student teachers. Generally, six supervisor ratings are completed

during a semester. These ratings are recorded on an Evaluation'Profile

instrument. This instrument is used to obtain instructional effectiveness
ratings of the student teécher‘s performance. The profile consists of thirty
Kikert type items divided into two categories, that is, instructional

AN ‘ . S . .

10
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COmpqtenc;es (23 items), and personal and professionay competencies {7 items).
Each item on the scale i; referenced to a performance objective in the
student teaching proéram. Further, the instructional skills addressed on

"this instrument are compatible with the skills and Enowledges stressed in

the conceptual model of teaching on which this inquiry is based. An alpha
coefficient, u=.94, determined for this instrument suggests a high degree of
internal ‘consistency among responses to the various items.

A sccond rating scale, the Curriculum Context Checklist, was used to
provide university supervisor ratings of the curricular units developed
by the siudunt teacher. Values fron this scale provide data for the variable,
planning eftectiveness of the student teacher. This instrument contains a §
choice scale identical to the scale ef the evalualion profiles. Individual
ftems of this instrument identify components of the curriculum unit, ;.g..

/ general goals, focusing generalizations, concept list, diagnostic component,
instructional d$trategies.

A third instrument, Summary ?Xélééﬁlﬁﬂ of Unit, is completed by the teaching
candidate immediately after completing the instruction associated with cach
unit. This form requires an estimate of the achievement level and soc ipeconomic
level of the‘learﬁers in addition to the actual number of class periods required
to teach the unit. Perhaps the mgst significant information from student
teaching i3 recérded on this form by the teachiny candidate; these datn being

-achievement information {learter attainment of individud¥ unit objectives,
pretest sco;es, and f:it postlest scores). Criterion-referenced tests developed
by the student teacher are used to provide these learner attainment data.

These instruments, unﬁ?ﬁo for cach unit and cach student teacher, reprecsent a

strength vet jotential limitation in the design of this investigation. As a

U" . 11
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Strength the student teacher, with guidance from classroom and university
supervisors, dévetops tests related directly to the outcomes established for
thererformance ebjectives in each unit. Priprieﬁrning, extenuating claséroom
situations, and the abilities of the learners are taken into account in
establishing both the objectives and the corre$ponding criterion tests. Considering
these factors,  the cognitive attainment measure indced.should sample the
behavior called for by the‘performancé objectives of the unit.

A potential limitation of candidate-developed criterion-referenced tests
stems primarily from the Iackkbf information on the reliability and validity
of the respective instruﬁénts. Convgntﬁbnal‘rgliability prqcedures appropriate
for norm-referenced tests are not deienyingd on.the'yarious‘criterion-referenced
tests because the function of these tests (to determine an examinee's levef

.

of functioning with respect to a‘stated criterion) is not consistent with the

function of norm-reference tests {determine an individual's performance with

.respect to the performance of others jn the group). Thus, a];hough we are

concerned, we are not unpuTy alarmed by the absence of these vaﬁgés. Validity
of criterion--eferenced instruments on the other hand, can-be aésessed by
detennjning the logical relation of the performanc% objectives an& the individual
test items. Fortunately, this validity check was conducted by the classroom

and university supervisor on each candidate's teét before the. instrument

13

was a&ministered to the learners.
Values for the five variables in the path model were derived from the
Curriculum Context Checklist compfeted on.the second instructional unit taught
by the student teacher (X], XZ’ X3), the fiﬁal rating on the ggglgggigd
Profile instfument (X,;), and the Summary Evaluation of Unit (X5). Additional

detail regarding the nature of the program, as well as copies of the scales
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and indices wsed in this inquiry are presenteu in Danton and Norris (5).

Results
Solutions to the four structural eQuations are sumarized in table 1. (f/
. "~
As mentioned pceviously the numerical value of the path coeificients are \\s
> /-\ - ‘s
the standardized regression coefficients for the indopendent variables in
jon. " ' ¥
the equation | _ . - ) ;f -
. ' £
The influence of objective spnc1f1cat10n on d1agnostxc strategies is °

21 =-.207. These values however, do support the hypothes1zed linkage between e

these variables in the model, yet do not ruTg~out the “influence of unspecified

¢

variables contributing to the nature of %the diagnostic procedure adopted by
the teaching candidates. '

The path coefficients, indicating the effect of performance objective '
specification on subsequent instructional strategies, P3:=-.1O§,and diagnostic
techniques on instruétiOnal strategies, P 2=.52],squest some empi;ical support

»

for these 1inkages in the moded . Intprestlngly, these two variables account for

‘.

-

30.5" 0‘ ho variarsce in the instructional strateigies variable. Converseiy,
the hyu thes xzed linkage between the variables instructional strategies (X3)

. " e
ana~inteTJfF1ng with-learners (Xd) failed to produce an empirical relation.

further, the total intluence dttributed to diuqnnuis, instructional strategies

. 2
and Interacting with learners on ey valuation i« quite mode%t 1.0, R+, 087.

S
Effecty ot v1agno>t1L techniques on evaluation,P’r,-.201, instructional strategies

on evalutxun.Prj'-.339 and interaction with learners on evaluation, P51'~.074,
6 ;

reveal modest to very low influences between the variables in these various

paths.

place table 1 about here
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(43

Given these values in table 1, residual path coefffcients for the endogeneous

. vgriables were calculated, i.e., Po\ ™. 98, Py, =.83, Py, =1-00, Pe =-96.  These
residual coefficients are dete.mined by applying the formula Presiduatzv]"kz

where Rz is the coefficient of determination, or variance accounted 'for by the
indepéﬁdent variables in each of che structural equations.

As mentioned earlier, the residual path coefficient indicates the Effec;
of all unmeasured variables not included in the mode] that cause variation in
the dependent variable.  Uxamining the coefficionts of determination (RZ) in
table 1, reveals one of the structural equations is compased of vaeriables T

which ex;.lain over 30% of the variance in the dependent variable under consideration.
Conversely, one equation emanating from this model resulted in an R2 of zero
suggesting ¢ limitation in the model specification and/or data collection
BN proceédures for the variables in the cquation.
PGermané te our discuss‘on,rgggkdihg the adequagy of the path model \'is
the deténninfnation of thg/g}régl and indirect effects that one variable Ras
upon another. FPath analysis enables the decomposition 6f the correlation
+between any two variables into a sum of simple and compound paths. While thére
are a number of decomposition approaches, we Have applied a technique deve?oped
by Sewall Wright as cited in Asher (3). Wright's approach consists of two

A

definitiuns and theee instructions as to how_a correlation is decomposed.

The definitions are: 1. Ay correlation between two variables can be _
decomposed into a sum of simple (direct) and compound
(indirect) paths. ~~

2. A compound path is equal te the product of the
simple paths comprising it. )

.
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« The corresponding instructions attributed to Wright are:

(a) no path may pass through the same variable mofe
than ence;

(b) no path may go backward (against the direction of)
. an arrow after the path has gone forward on a different
) arrow; '
(c) no path may pass through a double-headed curved arrow
(representing anunanalyryoed correlation between :
exoyenous  variables) more than once in.any single
path.
. Applying these definitions and instructions to the path coefficients
listed in tigure 1, decomposition of the correlations between the variables
in the model have been accomplished and are reported in table 2. _ )
P table 2 about, here
The decomposition of the correlation provides a way to test the
adequacy dﬁi:he model if some linkages have initially heen omitted. If
the model is specified correctly, the zero order correlation between any two
variables should be numerically equal to the sum of the simple and compound
paths linking the two variables. 1t the values are not equal, then the
model may not be specitied appropriately and be in need of revision.
Further, it the zero-order correlations between variables in the model are
zero or nearly so, then adjustments may be necessary. Similarly, i€ correlations
between variables which are not connected by paths in the model greatly exceed
Zero, specrtication concerns may be signalled.
Q
Lat oty the values an tabie 2 reveals pes-ible limitations in the
present muntel aiven the atorement joned guidelince, . tor instance, the path

‘Coeffi‘,t"x.tu botween X —XA(P =-,016), XQ-XS(PS““W.U?'/I)

37 g3t

ﬁugqest crrors reqarding the causal links between Instructional Stratuqies(x3)

. and Intera. Ling with Learners {xz). between Pertormance Objectives (Xl) and

L]

5 - -
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Instructional Strategies (X3), and between Interacting with Learners (Xq)

and Evaluation (XS). recpectively. It cannot be determined from the

~information we have whether the difficulties lie with mode) specifications,

variable measurement or a combination of these concepthél constructs. Yet
we do know where to direct our attention in re-cxamining the model.

As the preceding statements reveal, path analysis procedures provide us
with the means to check the conceptual associations in our model of -teaching.
While thelinkages with the components, Interacting with Learners, appears to be
in need of review, other aspects of the model appear to be reasonably sound.

SUMMARY

This paper has addressed cne type of causal model involving one-way

- causation. The structural equations in this paper are linear and focus on

relations across the five components of a model of teaching. Other forms of
causal modeling are possxhle which invelve reciprocal causation under certain
conditions, but these non-recursive techniques have not been addressed.

Causal modeling nrocedures provide powerful methodological tools for

relating theory and research in naturalistic settings.  Moreover, these

techniques enable a set d¥f causal relations to be hypothesized on the basis

of a theoretical framework. Subsequent to th}x conceptualizing effort, linear
regression equatiqns based on the set of hypothetical relations are developgd

and treated statistically. Values obtained from this treatment are then used

as numerical estimates of the hypothesized relations. Thus causal modeling
permits conceptual theories in education to be transformed into their quantitatlve

P
equxvalents for empirical testing. Perhaps through the use of these methods, the

%

Qulf between verbal and quantitative constructs in teacher education can be

reduced resulting in better theories for teaching and preparing teachers.

. 18 :
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Standardized Regression Coefficients {Path Coefficients) for .
the Four Structural Equations Related to the Model of Teaching

Table 1

N,
~

Dependent Variable
t

Independent Variable

Diagnosis (xa)

AInstructiona) (X3)

Strateyies

Interacting (X,)
with Ledrncré

Evaluation (XS)

—~—— o

Performance Objectives
Performance Qbjectives
Diagnosis

Instructional Strateyies
Diagnosis

Instruetdonal Strategios

Interacting with Learners

m e ————w . —— - -y

19

Path  Standardized Ceefficient \\\\
label Regression of
Coefficient Detenn%nation
(R™)

(b)) (B)
Py -.207 .043
P -.106 305
Py .62
0 -.016 .000
sy 201 .087
P -.339
e -.074



Table 2

Correlation Decomposition-Table for Relations Among
the Five Variables Included in the Model of Teaching

Variables Zero-order Spurious
Correlation(rij) - Causa}. (A-D)
irect Indirect Total
(A) (B) (C) (D)
Xy=X," -.207 -.207 000 0207 000 -
X=X, ~.213 -.106 -.107 -.213 000
XX 542 521 000 .52 021
X3-X, -.016 -/016 000 016 000
X37Xg -.229 -.339 001 -.338 .109
X4~Xe -.074 -.074 000 -.074 000
X,~Xs 020 201 -177 024 004
X17X4 | .106 *%() .002
Xy-Xg 115 *%() -.006
Xy=Xy -.030 *x() .008

**Direct causal effects between these variables were not calculated, since
they were not included in the path model. The causal effect of these
variables pairs is assumed to be 0 since they were not included in the
path model.

A 21)



Fidure 1

_ Récursive Path Model for a Mode) of Teaching
A
erformance Objectives Component, x2 = Diagnosis Component,

~= Instructional Strategies Component, K4 = Interacting with Learners Component,

= Evaluation Component, Pif = Path Coefficients
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