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_ how this technique, that'is, causal modeling, can be applied to theoretical

7~

One%nettlesome problem affecting research in teacher education has
been the lack-of articulation between concepthal positions and empirical

4 -
validation of thb3e positions. The distance hetween verbal descriEtions.

s a . . :

so common in teacher education, and empirically verified principles is

vast. This situatigﬁﬁis due. in part to; the language used in the theories_
for teacher education, the operational definitions used to define the

variables to be measured, and the statisticai tools used in empirical

* verification. An additional difficulty occurs when we attempt:to use

an experimental design weli suited for the iaboratory but 111-suited for .
an operating ciassroom. Random assignment and stringent control of |
independent variables are often compromised in order to gain access to
"real" 1earners These adjustments result, in quasi experimenta] "designs
yieiding resuits which cqpnot be generaiized to other settings ‘

Further, when tests of significance are the focus of the analysjis, we

tend to-be satisfied with significant results, and fail to relate the

N N . '
- variables under consideration to an overall model or theory. Alternate

methods allowing cadsai'inferences from naturalistic data_have not been
seriously considered. Causal tecnniqueS'developed in bioiogy and'subsequentiy
app]ied in economics and more recently in socio]ogy hold promise for
1nferentia1 research and model verification in teacher educatioh

(Anderson & Eyans: 1974). The.purpose of this pape[ is to demonstrate

~

constructs in teacher education where daia are collected in naturalistic settings.

) BACKGRO''™D ON GAUSAL MODELING - v
Basic to the specification of a Causal Model which yields accurate

estimates,pis a thorough knowledge of the process being modeled.

- ;
R
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instance, all signif;cant'var1ables shpuld be included in the?mbdel in a
definite order. Further, tge form and function of each variable in the

model must be speéified and there should be na interaction among the ;griable§.
Benefits/jrom thinking causally about a problem and constructing an a;row o
diggram to 1llustrape~6ausa1 processgs include generat1n§ additional insights

into the topic and 61eaﬁ§r statements of hypotheses. .
In discussing the-tenets of causal modeling, we wil]_considér causation
in the following sense: A .is the cause of B, only if B can be chdnged by
alfering A alone. This notion of causation implie; prediction and manipulation.
Additioné]ly, to undersfand what is meant by "alone" in the statement, it
is necessary to combrehend the concepts causal order and relevant control. .
Note thathalterkng A alone does not qulpdethe possibility that al) other
causes of“§ &ie conrolled or held constant. If we change A é]one, th1s
adjustmé%t mé;gbring about changes in many other variables that are influenced
by A. These changes in other variablgs need not be_ oqtro]]ed when we
examine the efféct of A on B (Kim & Kohout’, 1975). |
The preceding exp]énation of causation assumes. that in order to s;até
that A is a cauge of B, one must perform an "1dea1".exper1ehent in° which other
-variables affecting B are héld’constant, while A is be}ng Lftered. This ,
. "ideal" experiment is the underlying theory or thepretica] model which forms
o ~ “the basis for assuming the relationship beéweeh A and B. Additionally, the
thebretica] model is expnesséd as a linear, additive and unidire;tional
system. Given these'guidelines, the relation between A and B c;n be expressed
as a linear function: B= a A, where « represents the magnitude of change in B
\ when A changes one unitl This coefficient, a, is cajled the effect,coefficieht.
The effect coefficieﬁf}is equivalent to a coefficient im a regression |
equation if the ;ssumptions of causal order and causal ciosﬁre are meg
(Kim,.Kopout, 1§75). If we interpre; fegre;sion coefficiéhts as effect
’ . 4
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roefficients by depicting these assumptions 1n a path diagram, then we ares

" performing a path ana]ysis Causa] order simply means that a sequence among

the varipﬂ\es mudt occur .« To 11]ustrate X precedes X] and may affect X] .

but X] cannot affect X Gqu(ally, this ordering is accomp]ished in temms
of time of ocgyrrence of the variable or measurement of the variable in the

tota\ system The second assumption, causal closure asserts that for a

'eausal re]ationbetween X and Y to occur, tht covariation between these .

vqrihbaes should not.vanish when the effects of confounding variables (those

-:variables causally p}io; to both X and Y) are removed. This 11mitat1§n

: [:?E;]L'. Pyx ji:ji:j

requires that we rule out all other possible causal factors. On what basis

can we be sure we have satisfied this assumption? The answer as you might

expect relates to the’variables in the theoretical model or construct which

Fl

© provides the basis for the inquiry  (Asher, 1976).

The aforementioned cssumptions of.order:and closure ‘are illustrated in
; y . . ! , .
the following two varfable path diagrams:

-

y - '
Pyx and Pye are Path Coefficients

Pyes . . - ' 1
A

The assumption regarding cqgs;T—;tdeqyis illustra¥ed by_the‘difection of |
the arrow from_x to Y. Conversely, causal closure isn't quite so apparent,
ye_t it is addressed with the inclusion of the’ error term ('Ey). "The error . Q
componept represents all residual causes of Y not accounted for by X. ‘ T

‘AN EXAMPLE OF CAUSAL MODELING

T-heor‘eticakﬁ Mode]

! As the precedtnd discussion sugéests, causal inference procedures begin
with a statement of the verbal theory Whichmakes,explicﬁt the causal
I's ' '
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order and cldsure In this'paper. a five phase coneeptual mode]bof teaghing
(Armstrong, Denton, Savage, 1978) serves this function. This model describes
teaching’!t’a series o}-sequentia] events requiring flvedistinct sets of
1nstruct10na1 skills-, that is, Speeifying Performance Objectives, Qiegnosing
Learners, Selecting Instructiopal Strategies, interacting With Learners,

| . - | y
£ and Evaluating the Efféctiveness of Instruction. / .
Spetifying Performance Objegtives —’The'deéfs ons inherent in\this e1anent

\
- of the 1nstructiona1 mode] are 1nstrume2fil}1n determining whether the entire

= L]

rnstructiona1 process can be successfu] in producing student learning. Restated
. . . '\

- this idea becomes performance objectives determine the direction. and focus of
- o . - AY . . 7 ‘ . . ?-
instruction. When performance objectives are selected and sequenced according

< . ) ‘ . : )
to a logical plan, teachers are in a position of leadership and-can justify

their program to responsible critics. “Beginning with.obﬁectivés in planning

<

for teaching ts a we]T-establdshed procedure (Tyler, 1950; Taba, 1962;

Zais, 1976) in the literature on curriculum.

Jom

L 4

Diagnosing Learners - Teachers need information regardipg allearner's
" readiness to begin a proposéd new instructional sequence. The, readiness of
1earners in this instance pertaids to whether they have attain .relevant‘
“prerequisité knowledges and skills neeessary to acquire the o jectives
established for an idstructional sequence (Gagre, . 1970, Glaser, 1

LS}

i .
Bypassing this step in an effort to save instructional time is false economy,

since tde resuft may well be frustrated, boyred -and udmotivated 1egrners. When

adequate diagnostic fnfonnationiis_ava?{able, instructional .plans can be

deve]oped thatrﬁee the tnfonnationa] and emotionaurnegds of the ledrners.
Selectlyq lggruchonal Strategies - In selecting mstru'tional s\‘rategies

' Jteachers should structure activities that are‘tonsistent with the identified

-performance objectives, the entry levels 5f the learners;.and the events of

¥ . . “ . t
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1nstrug£10n espoused by Gagne & Briggs (1974). In a sense, selecting
instructional strategies is analogous to generating directional research
hypotheses. A strategy is created from a wide range of possible approaches
which, “in the teacher's mind, will 1ikely bring about tearner attainment
of the performance objectives. The appropriateness of this strategy is
"tested" during the implementation andaevaluation phases of instruction.
Justification for the position of this‘cohponent in the model again is
drawn from literature on curriculum development (Taba, 1962# Tyler, 1950)
and instructjonal design (Davies, 1973: Glaser, ]966).

Interacting with Learners - This compoﬁent répresents the "doing as
implementation phase"of the instructional model. The elegance of the
instructional plan becomes unimportént if the timingdandcontinuityof the
classroom qctivlties are interrupted creatﬁné‘disorder'and predictab]e
management problems. Thus, Tearning how to interact wigh-Wearners is,

“perhaps, the most difficult set of skills for new teachers to attain.
Mdﬂteriﬁb these skills requires considerable practice in"actual classroom
settings, and servgé tofjusgify the emphasjs on the student teachfng
experience in teacher preparation proérams. Pragmatically, thi;phase(mcurs
after the instructional unit has been planned and developed. Thuslitg .

position in the model is estab]isﬁed by 1ogical and bractica] considerations.
Evaluating the Effectiveness of rnstrucfion‘r This compbnent serves to
gather evidence -during and after the teachingfof an instructional unit to
determine whether ‘the pla;’"worked." Evcluation §hou1d prompt a rgview-of
é;ch component in fhe instructional mpde]. Represéntptng questiong to
tllustrate this review include: Were the performance quectives appropriate?

Were the pretests really diagnostic tools? Did the instructional strateg:es

incorporate the events of instruction? Was classroom management sufficient




to maintain a favorable learning environment? Were the eva]uétion tools

valid for assessing 1éarné¥.growth and program effectiveness? These quest{ons

are'characteristic of summative evaluation concerns (Scriven, 1967) and |

produqt evaluation (Stufflebeam, Foley, Gephart, Guba, Hamimond, Merriman,

Provus, 1971). Thus justification for the pb}ition of this final compon;pt

in the teathing model is drgwn from the -professional 11£erature on'eQa]uation.
This model provfdes a framerrk that encoﬁ}ages the develop%ent of

individual teaé;\ng_siyjesl In@jviduajgzed styles are encouraged because

evaluation of instruction is based on learner attainment of performance )

bbjectives. Given this 0perat1n§ principle, teachers in prepqration are

free to choose procedures from their own repertoires that they believe avill °

result in high levels of learner performance. Further, teacher respénsibi]ity

is well served by this model. This respbnsibility comes ndt ‘because of =

the teaching candidate's adherence to a set of "1dea} role beh;viors,"

but rather in adapting instructional practice, asnecessary, to help. learners

achieve”performance objectives that have been selected.

-

Causal Model

Translating this conceptéi] verbal model fnt6 hypothetical causal relations
Ve .
is the function of the diagram provided in figure 1. As indicated previously,

the path diagram-indicates 11neaq, additive relatigns among the five variables -

that are included in the model.
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_ Recursive Path Model for a Model of Teaching !
P.0.=(X]) = .Performance Objectives Component.hD=(X2) = Diagnosis Component’
_ixS.=(X3) = Instructional Strategies Component, INL=(X4) = Interactiha with Learne

Component, E = (XS) = Evaluation Component, P1j = Path Coefficients

’ Y

Only the initial varijable in the model 1is exogenous, that is, Xy is not influnced
by the other variables in the model. The remaining four variables, X, X3,X4,X5,
are considered to be endogenous and as such are determined completely by

; variables w1th1n the model a; well as the residual variables, i.e., Rys Rys Rys R
‘These residual variables represent thé effects of all other variables n Qt»included
in the model but which cause variatien in ‘the eﬁdogenous variables Stated
another way, the exogeno@ and endogenous variables (Xq1g) are unmeasured

variables for which values have not been obtained. The Pists at this point )
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refer to unknown values representing the effect of one variable (X ) on

another . (Xi) (Asher 1976) ) ‘ |
o Once the path model has been developed, a-set of structural equations
can be written., One fully defined structurai equation_can be 1isted for
~each endogenons variabie‘in the modei.i in the-case of our path mgdei
for teaching'four structural equations can he'aeveioped. These are:

] - béix{"+-ﬁé . __‘ | ‘Hc," L S ”,..;.; S
37 Pty t P PRy o \ - ,

a ™ Pa3¥s t PRV

PsaXy * Pggky * Py, Rw

Simple muliple regression can be used to estimate the various Path coefficients
'z .
in path models such as the model presented in fiqure 1 where there are no .

Y

X

><
!

3,7
|

feedback loops ) between any of the variables. The path coefficients,
j’ whidh are assoc1ated with various arrows in figure | are etandardized
Beta coefficients: that is, Pyy = 821. These path coefficients are thought
to measnre the praportion of the standard deviation of the dependent
.(endogenous) variable directly accounted for by an independent. (exogenous) -
variable when the influence of all other variables are removed (Land, 1969).
Standardized beta coefficients from the four 1inear equatione representing

-
the various path coefficients in figure 1 are presented in the following )

! -

table.

o 10 | j

'
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Table 1

-

Standardized Regression Coefficients (Path Coefficients) for the Four
‘Structural Equations Related to the Model of Teaching~

Dependent Variable Independent Variable Path- Standardjzed COefffciont“
e — label Regression, . of
: (P, ) Coefficient Determinate_
L (B) (=9)
Diagnosis (X ) Performance Objective - ”Pz]" -.336 . \ ; N3
Ing%ru%tiqnal (x ) Performance ijectiYes Py; - 028 n .614
' | ‘ Diagnosis' - . P32 192 _
Interacting (X,) Instructjonal Strategies 'P,q - 002 .000
with Learner _ :
EvaJuation‘(XS) 'Instructiona]'Strategi?&- P53’ v .79%4 .631
; Interacting -with Learners Py = --010

e emmm e L e e m eae m o e e e = - - - — —— -

Theso estimates-are based on data collected from a sample of 44 secondary
level student teachers who particiﬁated in,a full semesien~fu11 day student
“teaching program offered by the department of edpcatibnal curriculum &

instruction at Texas A&M University. During this experience, each student
L3

teacher is required to develop and 1mp1ement two instructiona]'units in a
manner cons1stent with the model of teaching being validated I this analysis.

Evaluat!bn of student teachers in. this program includes supervisor ratings

based on in-class observations and supervisor assessments of instructional
§ )

materials produced by the student teacher. Detai]s concerning the nature of
)
the sample, as well as the scales and indites that were used are described

in Denton (1979) and Henson and Tooke (1980).

»

Given the values-from the ana]ysis of the structural equations, we can ’
also determine the residual path coeff1c1ents in figure 1, 1.e.,
P?t = .94, P3u = 162, P4u 5w
by applying the following formula. p,a‘.=V1-R2 where R% is the multiple correlation

= 1.00, = ,61. These va]ues are determined

L
- . . )

e
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coefficient for each structural- equf’n As mentioned earlier, the

t

reSidual path coefficient measures the éffect of all unmeasured vrriables §§'i§§E
not included in the model that cause variation in the dependent variable " i%
Examining the coefficients of determination (RZ) in table 1, reveals B -
two of the structural equations are composed of variables that explain ; )

over 60%of the variance in the dependent variable under consideration

Conversely, one equation emanating from this model resulted in an R2 of zero
squesting a rather serious limitation in the model specification and/or

data collectidn procedures for the variables ‘in thewequation.~

)

Germane to our” discussion of the adequacy of the path model, is the-

determination of the direct and indirect effects that onme variable has upon

another. Path analysis enables the decomp051tion of the- correlation between
any two variables into a Sum of STmple and compound pathg,_ Whtlgeibere arev
a number of decompOSition approaches, we: have applied a techajque developed
by Sewall wright (cited in Asher 1976). Wright s approach consists of
two definitions and three instructions as" to how a—correlation ts decomposed f?wé”

The definitions are: 1. Any correlation between two variables can-be
, . : decomposed into a sum of 51mple (dfrect)and cmnpound
(indirect) paths. :
2. A compound path is equal: to the product of the
‘A simple paths comprising it. . v -
The corresponding instructions attributed to wright are:

A
(a) no path may pass through the same variable more
than once; . .

-

(b) - no path may go backward ' (against the direction of)
. an arrow after the path has gone forward on a different
arrow; CL

' (c) no path may pass through a double- headed curbed arrow
) ' (representing an unanalyzed correlation between

exogenous ‘vartables) more than once in any single 3
‘. . path. (Asher, 976, p33). o L
. .
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- Applying these def1n1tions and 1nstructions to the path coefficients

- listed in figure 1 decomposition of the correlations between the variables'

.“ .

in the,model have been accomplished and are rdportedirntable 2.

\.' , - - . A.\ Y
Tl Ly o . Table 2 s\~_ X : ,

Correlation Decomposition Tab)e for Corre]ations Among the Five
) Variables Included in the Model of Teaching Yo v R
.,- g R s Y ) [T - . S A B -~
- ; : . e ‘
Vqrfab]es : Zero order, - ' - Spurious
S Correlat1on( J Ceusal - - -
ij Direct  Tndirect fTotal (A-D)
(A) o (8) (cy . (o) -
o . o "
PO - D S -.336 '-.336° +« . nong -.336 -~ .000
PO - b5 =238 .028 -.266 ~ -.238 ', 000
D-1S o783 .- - 792 . none 792 -.009
“1S, - WL .002 ..002 none 002 000
IS - E 795 S 21070 - 794 001 )
IWL-E =~ 1.010. - 3'-.010 "~ none -.010 .000
*P0 "~ TW] 128 0 50
*PO-E -.138 ™0 - -89
*D - IW .033 *r() ©.002 /
*D - E 1729 *%() 630
. _ . . -~ \

* Direct causal effects between‘these variables were“not,calcuiated, 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.

.The decemposition of the correlation provides a way to test the

Y

adequancy of the model if some linkages have initia]ly been omitted. If

the model is specified correctly, the zero order corrklation between any iwo
‘ \

variables sh0u1d‘be numerically equal to the sum of the simple and compound

paths 1fnking the two variables. If-the values are not equal, then the
model may not be specified appropriately and be in need of revision.
Forther, if the zero-order correlations between variables in the model are

zero or nearly so, then adjustments mg# be necessery Simi]ar]y, if correlétions_

between variables which are not connected by paths in the mode] greatly- exceed

13
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"zero, specification concerns may be signalled.

- Examining the values in table 2 reveals possible limitations in the

0 P

present mode) given the aforementioned guidelines For instance. path

. 1

coefficients; P43 .002, P 54 = 01, suggest errors regarding the causal
1inks between Instructional Strategies and Interacting with Learners, and
between Interacting with Learners and Evalaution, respectively It cannot

~ bedeterminedfromtheinformation we have whether the difficulties lie with

e

model specifications. variable measurement or a combination of these

A\

conceptual constructs.’ Yet\we do kn;:fyhere to direct our attention in

~

. _ \
re-examining the model. Another rela¥ion which may merit additional study

is signalled by the substantial correlation (rnF= 7297 between Diagnosis and
Evalaution én this case no direct causal 1ink is provided in the path model,
to account for a portion of this relation. Thu&._consideration of a

, . 9 - .- '
direct path between Diagnosis and Evaluation s reasonableadvice given the

"mode) testing permitted by these.path analysis techniques.

As the preceding statements reveal, path analysis procedures provide us

\
with the meanis to check the conceptual associat%gn in our model of teaching.
_While the linkages with the component Interacting with Learners, appears to be
in need of review, other dspects of the model appear.to be reasonably sound.
| SUMMARY ‘
' . _'. 7 -
This paper has addressed one type of causal model involving one-way

causation. . The structural equations in this paper are recursive and focus

-

s

on the five components of a model of teaching. Other fdrms of causal modeling

are possible which involve reciprocal causation uner certain conditions, but

a4

these non-recursive techniques have not been addressed.

Causal modeling procedures provide powerful methodological tools for

J

LY
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educational researchers in relating theory and research in natura]ﬁ?tic
settings.’ These.techniques encourage a set of tausal relations to“be

'hypothesdzed on the basis of a theoretical franework Subsequent to this .

—

_—

conceptualizing effort 1inear regression equations based on the set of
ahypothetical relations are developed and treated statistically Vh]ues
obtained from this treatment provide numerical estimates of the hypdthes1zed |
relations. _Ihus, conceptual theories.in education can be transformed Jdnto
their quantatative eduivalentﬁxand be empirically vaiidated by employing
these procedures. Perhaps through the use of these methods, the gulf
between verbal and quantitative constructs in teacher education’xan bé

reduced, resulting ‘in better thebries for teaching anfl preparing teachers

~

an

——— ) : ' ! 4
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