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LONGITUDINAL STUDY IN CURRICULUM ENGINEERING - VI

George A. Beauchamp
U.S. DEPARTMENT OF HEALTH.

Northwestern University EDUCATION & WELFARE
NATIONAL INSTITUTE OF
and EDUCATION
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School District 107 ATING IT POINTS OF VIEW OR OPINIONS
. . . STATED OO NOT NECESSARILY REPRE
nghland Park, Illinois SE:TOFF!CIALNA'HONALINSTITUTEOF

EDUCATION POSITION OR POLICY

This is the sixth in a series of reports of the investigation of
certain effects of the installation and opérétion of a particular system
of currigulum engineering in a school district: The curriculum system
was designed with two purposes in mind. One was tb insure that the
curriculum of the school district would be adequately implemented
throughout the district, and the other was to bring the curriculum under
constant surveillance for annual revision. The curriculum system thus
consists of three major functions: planning, implementing, and evaluating.

Treatment effects, therefore, were the procedures called for in the

curriculum system, the specific actions taken by personnel in the

execution of the planning and implementing functions, and leadership
behaviors. The specific objectives of the study were to observg the
effects of the organizational treatments upon climate, teacher attitudes,
teacher performance, and student achieyement.

The basic theoretical posture supporting this study is that there
are causal relationships among various factors and processes in schooling
and one of the results of schooling expressed as student achievement.
Among the factors and processes of particular interest in this study are
leadership, climate, curriculum functions and processes, and personal
characteristics of teachers. The theory is that the use of a causal
model will aid in the observance of the effects of specific variables
upon student achievement. Of particular interest in this study are

variables associated with a curriculum system.

This paper was presented at the annual meeting of the American Educational
Research Association in San Francisco, California, April 1976.
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the theory content in this paper, and others are used in explaining the
model developed to illustrate demonstrated relationships among the

variables.

A curriculum is a written product; it contains the plan for the

total educational opportunities for students in the school where it is to

be implemented.

Curriculum engineering refers to the curriculum system and its

internal dynamics. It consists of all the processes necessary to make a
curriculum system functional in schools; curriculum planning, implementation,
evaluation, and revision.

Curriculum system refers to the organization for both decision

» T
-2
Definition of Terms
” Certain terms need to be defined. Some of these are important for

making and action with respect to curriculum functions regarded as a
. part of the total operations of schooling. -

Principal leadership effectiveness refers to the extent to which

the principal carries out successfully the leadership process in the areas

 of representation, demand reconciliation, tolerance of freedom, role
assumption, consideration, production emphasis, predictive accuracy,
integration, and superior orientation.

Productivity refers to the outcomes associated with teacher.and

principal behavior as measured by growth in student achievement.

Student achievement is the extent to which measurable growth in

learning has taken place.

Causal relation is an assymetrical relation between two variables.

Effect coefficient, in exact use, refers to causal determinism; a

weak causal order is assumed for purposes here, and the effect coefficient
refers to the measure of expected difference between two groups which
are different by one unit.

| Endogenous variables refer to those variables determined by forces
-operating within the scope of a particular model of reality while
exogenous variables refer to those variables determined by forces operating
outside.3

Exogenous variables are considered to be predetermined for the

study of a particular system.

Model is used in this report to refer to the mathematical system

3
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of equations that represents an abstract and simplified picture of a
realistic process.

Parameters are variables outside the systém that present a plausible
rival hypothesis concerning relationships among variables in the system.

Path coefficients are standardized regression coefficients, or beta

values.

Data Source

" The data source was a suburban elementary school district in Cook
County, Illinois. There are approximately four thousand students enrolled
in the school district, and they are housed in ten school buildings. One
of the buildings is a juﬁior high school for grades seven and eight, one
is an intermediate school, three are primary units containing Kindergarten
through grade three, and five are K-6 units. There are five principals;
four of them have more than one building under their jurisdictions. There
are approximately 140 classroom teachers in the ten schools. They are

supported by approximately thirty specialist supervisors.
DESIGN

The present study was designed with two purposes in mind. The
first purpose was to study the longitudinal effects of the curriculum
engineering system upon teacher attitudes and teacher performance. The
second purpose was to demonstrate causal linkages among such variables as
principal leadership, teacher motivation, teacher.performance in a
curriculum system, and student achievement through the use of a causal
model and path analysis. The first is a continuation of the design of
the first three reports in this series of studies; the second is to
continue the type of data analysis presented in the fourth report.

Data were collected for teachers, principals, and students. One

type of teacher data consisted of such personal characteristics as
assignment to schools, sex, marital status, grade level taught, amount of
teaching experience, and professional preparation. Teacher motivation to

participate in curriculum affairs was measured by the Curriculum Attitude

Inventorx.5 Teacher performance in the curriculum system was assessed
two ways: (1) by their self perceptions of themselves as measured by

the Teacher Self-analysis Inventory (TSAI),6 and (2) as seen by their
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principals through the Principal's Version of the Teacher Self-analysis

Inventory (PTSAI).7 Teacher attendance was measured by the number of days
of absence.during the school year. Principal leadership was measured by

the Leader Behavior Description Questionnaire - Form XII.8 Climate was

measured by the Halpin and Croft Organizational Climate Description

Questionnaire ~ Form IV.9 Student achievement was measured by the

Stanford Achievement Test. The Kuhlmann-Anderson Intelligence Tests,

7th Ed. provided the student IQ scores. All teachers and principals
participated in the study, and a thirty-five per cent random sémple of
students stratified by grade level was used. Some of these data have
been collected recurrently since 1970; others in 1973, 1974, and 1975.
Only data for grades one, three, and six are included in this report.
One-way analysis of variance was used to determine whether scores
on the CAI, the TSAI, the PTSAI, the OCDQ, and the LBDQ were significantly
affected by school assignment, by sex, by marital status, by grade level
assignment, by teaching experience, and by professional preparation. The
t-test was used to determine whether growth in the CAI, the TSAI, the
PTSAI, and the LBDQ were significantly different from previous years.
Analysis of variance was used to identify those teacher
characteristics that were significantly related to other teacher variables,
and t~tests were used to analyze longitudinal growth in teacher attitudes,
and teacher performance. Correlation and regression analyses were used
to demonstrate the magﬁitude of relationships among the various factors
and vériables. A preliminary step in establishing a causal model is to
insure that all zero-order coefficients of correlation between all pairs
of variables used in the model are non-zero. They were, but space
limitation here will not permit the presentation of that data. The
causal model used is shown in Figure 1. There are three classes of
variable included in the model:

Endogenous variables

nl = QCL = School climate as measured by the 0CDQ

n2 = TMC = Teacher motivation or attitudes toward curriculum
as measured by the CAI

n3 = TAT = Teacher attendance as measured by the number of

days absent
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Figure 1. Causal model and structural equations.




Teacher performance as self-perceived by the teachers

n. = TPT =

A through the TSAI

ns = TPP = Teacher performance as rated by principals thfough
the PTSAI .

n6 = 8A = Student achievement as measured by the various

subtests of the Stanford Achievement Test

Exogenous variables

Ea = PL = Principal leadership as measured by the administration
of the LBDQ to teachers in the district :

Parameters to endogenous variables

]

TS = Sex of the teacher

E = TAP = Teacher ability according to the extent of a teacher's
formal preparation for teaching

Ed = TEX = Teacher ability according to amount of teaching
experience

£ _ = TGR = Grade level taught

Ef = SEX = Sex of student specified as male or female

g, = IQ = Student IQ as measured by the Kuhlmann-Anderson
g intelligence test

In the model, several causal relationships were assumed:
(1) school climate (OCL) is determined by principal leadership and
residual variables; (2) teacher motivation (TMC) is determined by school.
climate (OCL), principal leadership (PL), teacher's sex (TS), amount of
professional preparation (TAP), and residual variables; (3) teacher
attendance (TAP) is determined by teacher motivation (TMC) , school
climate (OCL), principal leadership (PL), plus residual variables;

(4) teacher performance (TPT) is determined by teacher motivation (T™MC) ,

"principal leadership (PL), professional preparation (TAP), teaching

experience (TEX), grade level taught (TGR), and residual variables;
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(5) teacher performance (TPP) is determined by teacher attendance (TAT),
principal leadership (PL), grade level taught (TGR), and residual
variables; and (6) student achievement (SA) is determined by teacher
performance (TPP), teacher performance?(TPT), principal leadership (PL),
student sex (SEX), student IQ (IQ), and residual variables. These
relationships are further descfibed in the structural equations shown in
Figure 1. The causal sequence was, therefore, assumed to be as_follows:
principal leadership has a causal relationship with student achievement.
This effect is mediated through climate, teacher motivation and teacher
performance in a curriculum system. The higher the ratings of principal
leadership, teacher motivation and performance in curriculum work, the
more positive the influence is upon student achievement as controlled for
differing students' ability levels and sex.

Solutions for the structural equations for each of the three
grades were sought through the use of regression analysis. Stepwise

multiple regression was used for this purpose.

RESULTS

The means and standard deviations of teachers' scores on the
five instruments administered to teachers and principals are shown in
Table I. TFrom Table I, it can be noted that assignment to administrative
units significantly affected results on the PTSAI and the LBDQ. When
all scores were compared with 1974 results, there were significant
losses in scores for the total group of teachers and principals on the
TSAI and the LBDQ.

A summary of F-ratios resulting from univariate analysis of
variance of teachers' scores on the same five measures for the six
teacher characteristic‘factors are shown in Table II. From these
results, the parameters for the endogenous variables were identified,
and they are shown in Figure 1. As will be shown later, not all of
these parameters were maintained in the regression equations used, but
they were included initially.

The means, standard deviations, and results of the univariate
analysis of variance for student achievement and IQ scores by school

for grades one, three, and six are shown in Tables III, IV, and V.
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TABLE I .
MEANS AND STANDARD DEVIATIONS. OF TEACHERS' SCORES

ON FIVE INSTRUMENTS BY SCHOOL

School N CAI TSAI PTSAT- . - OCDQ LBDQ
4 25 M 188.16 139.20 38.00 147.44 378.56 "
SD 16.14 17.19 3.03 12.84 32.01
5 13 M 184.85 140.85 39.23 151.08 329.92
'SD 21.42 16.94 4.82 13.21 26.40.
11 35 M 189.60 = 136.86 36.09 148.69 284.20
SD 18.37 20.70 4.50 14.05 76.96
12 24 M 184.50 142.83 34.75 148.50 345.96
SD 10.86 13.34 4.87° 17.36 59.83
RS 40
14 42 M 183.41 139.41 31.62 150.21 370.00
SD 17.5 _  1/.68 3.75 - 10.32 38.33
TOTAL 139 M 186.14 139.45 35.14 149.12 342.04
SD 16.91 16.72 4.88 13.25 63.84
CAI - F(4,134) = .801
TSAI - F(4,134) = .473
PTSAI - F(4,134) = 14.182, p < .01
0cDQ - F(4,134) =  .260

LBDQ -~ F(4,134) 16.493, p < .01
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TABLE- IT
SUMMARY OF F-RATIOS RESULTING FROM UNIVARIATE ANOVAS OF TEACHERS'
SCORES ON FIVE CRITERION MEASURES FOR SIX FACTORS
FACTOR CRITERION
CAI TSAI PTSAI 0CDhQ LBDQ

School (df = 4,134) .801 473 14.182%*% . 266 16.493%*%
Sex (df = 1,137) 7.668%% 2,917 1.897 .878 11.162%%
Marital Status (df = 2,136) .070 2.918 .989 .296 .519
Grade Level (df = 2,136) 1.698 3.347% 3.613%*  .045 26.318%*
Experience (df = 2,136) 1.425 8.952%% . 246 .117 2.577
Preparation (df = 3,134) 4,208%% 5, 374%% .167 .361 1.651

*p < 0.05
**p < 0.01
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In the first grade, there'were significant differences in achievement

among schools for the subtests Vocabulary, Mathematical Concepts, and

Total Mathematics. In grade three, there were significant differences

on all subtests that were included in the data analysis. Similarly in

grade six, all subtests showed significant differences among schools.

The growth in ranges among mean scores on both IQ and achievement scores
~ as students progress from grade one to grade six should be noted.

The results of the regression anélysis for student achievement
in grade one are shown in Table VI. In Table VI, the small letter b
represents the non-standardized regression coefficient. SE stands-for
the standard error of the regression coefficient, and the symbol B8 stands
for the normalized regression coefficient. The normalized regressidn
coefficient is also the path coefficient. You will note that significant
multiple regression coefficients appeared for the subtests Vocabulary,
Mathematical Computation, Mathematical Concepts, Listening Skills, |
Total Mathematics, Total Auditory, and Total Battery. You should note
that these subtests afe'the ones that are most likely to have been
affected by schobling. Some of the others may not have beeu affected as
much either because of curriculum neglect or lack of external background
of ﬁupils. )

The model derived from the regression analysis for grade one is
shown in Figure 2. Grade level taught and sex of the teacher were
eliminated from the basic model shown in Figure 1. The structural
equations shown in Figure 2 are modified accordingly. Solutions to those
structural equations are shown in Figure 3. The path coefficients
indicated in Figure 3 are the same as the beta coefficients indicated in

~Table VI. The most consistently positive and the largest effect of all

- upon the subtests was IQ. The residual effects were high. Other effects
as revealed through the direction and magnitude of the path coefficients
were low and mixed in direction. -

The results of the rggression analysis for achievement in grade
three are shown in Table VII. The multiple regression coefficients were
all statistically significant in size. This is in contrast to the results

shown for grade one. The magnitude of the non-normalized regression |

coefficient for IQ was statistically significant for almost all of the
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Structural Equations

SA

]

g + PesNs + PeyNly * Pgaby + Pegle F Pty Ry
TPP = Ng + PgaNy + p5a£a + Rw

TPT = my + Py + Puala * Pucle T Pugba ¥ Ry

TMC = ny + pyymy + Pp 8, TPy B TR,
OCL =

T]1 + p1a€a + Rs

Figure 2. Causal model and structural equations for grade 1.
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OCL = n + .662E + .749R
a S
TMC = n + .471n + .423E - .658¢ + .667R
1 a (] t
TAT =n - .68ln + .099n + .036f + .781R
2 1 a u
. TPT =1 - .419n2 + .8485, - .707¢, - .180, + .888R

TPP = n_ - .093n + .369¢ + .920R
3 a w

S = -~ .084 434 + .319 - ,050_. + .615 + .654R
Avoc n6 n5 nu Ea Ef Eg y

Sy = M+ 0820 - 3226, + 1625, + 3775, + .901R
S — —'.132n5 - .310n, -~ .3205, - .024E + .226E, + .866R_
Shgge = 7, - .072n, - .399E, + .047E; + .313¢, + .897TR

SAWSS =n - .103115 - .158nu + .1855a - .0865f + .3995g + .886R.y

SAycone = Mg = +127n, + .154n + .3295, - .267E; + .3626, + .T46R

SAygowp = Mg * +093n_ + .20In + .155¢ - .0705; + .4256, + .796R

6

S = - .122n - .310n - .099 + .550¢_ + .830R
fLic T "s ", ta g Y
SATR = ns + .053n5 - .134nu - .1285a + .4175g + .913R.y

SApy = Mg - -058n_ + .237n + .282¢, - .173g; + 416, + JT2R

SAp, =n_ - .072n5 - .381nu + .1455a - .0395}_f f .6§6§g + .707Ry

SAry = 1 - +134n + .135¢, + 5265, + 829

Figure 3. Solutions to structural equations for grade 1.
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subtests.

The causal model and structural equations derived from the
regression analysis for grade three are shown in Figure 4. Grade level
taught and teacher sex were eliminated in the regression analysis for
consideration in the causal model as well as the influence of professional
preparation upon teacher attitudes. Solutions to these structural
ehuations are shown in Figure 5. Two things should be noted in Figure 5.
One is that the size of the residual effects were lower than they were for
grade one. The effects of IQ in grade‘three were higher than they were
in grade one.

The results of the regression analysis for achievement in grade
six are shown in Table VIII. The magnitude of the multiple regression
coefficients were all significant for grade six, and they were higher
than they were for grade three and grade one. In the regression analysis,
teacher performance as measured by the PTSAI had no effect upon the
results of the vocabulary test. Other effects were similarly eliminated
from the regression equations at various spots throughout Table VIII.

The causal model and structural equations for grade six are
shown in Figure 6. In Figure 6, grade level taught was eliminated from
consideration as well as the path from principal leadership to teacher
performance as measured by principals. The structural équations were
amended accordingly. Solutions to the structural equations for grade six
are shown in Figure 7. The magnitude of the residual effects were lower
than in grade three, and the effect of IQ upon the variance for the

various subtests was greater.
DISCUSSION

We are concerned with the losses incurred in scores on the TSAI
and the LBDQ. We feel that they are attributable to lack of emphasis
upon curriculum affairs by the central office of the school district.

The increase in ranges from grade one to grade six on the subtests
of the achievement tests and a similar increase in ranges in IQ scores

are an interesting observation. We suspect that since both test

instruments measure verbal behavior, the effects of schooling have a

corresponding impact upon both. Nonetheless, it would appear that

- 19
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Structural Equations

He SA = mg ¥ Pggng + Pgyn, * PguE, * Pegle T Pggly + Ry
TEP = ng ¥ Pggny + Pl + R,
T My F PNy ¥ PE, P Bt P8t R,

TPT

TAT = ny + pgon, + pyyn, + P38, T Ry

2

+ + R
Ny ¥ PyM F R0, t R

OCL = n1 + plaga + RS

Figure 4. Causal model and structural equations for grade 3.




OCL = n -
1
TMC:n -
2
TAT = n -
3
. IPT=n +
, L
TPP:n -
S
) SAVOC.- ns -
SApec = Mg *
Shyss = Mg T

SAwcone = Mg t

Shwcowe = Mg *

Sy1c T Mg T
SArg = Mg t
SApy = n_ +
SApa = Mg~

.SATB =on ¥

Figure 5.

041 + .999R
a (]
.142n + .130%
1 a

.084n2 + .025n

.708n .192¢
2 a

.133n  + .025¢
3 a

.159n + .140n
5 Y
.217n  + .124n
5 Y
.071n + .205n
5 Y

.044n + .191n
5 Y

.344n .050n
5 y
.084n + .244n
5 Y
.178n + .138n
5 Y
.116n + .134n
5 4
.136n + .201n
5 Y

.112n + .073n
5 4

+

+

+

+
+
+
+

+

+

+

+

+

+

.980Rt
.3555a
.4975c

.989R
W

.2065a
.1475a
.1035a
.3305a
.1455a
uBOIEa
.1465a
.ZSSEa
.2885a
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Solutions to structural

+

+

+

+

+

+

.926R
u

.3515d

.0355f

.1725f

.084Ef

.1265f
.0525f

.0185f

+

+

+

+

+

+

.576R
v

.4976g
.5795g
.6135g
.4135g
.5405g
.3875g
.6035g
.441£g
.436Eg

.596
Eg

+ .748R
y
+ .651R
y
+ .657R
y
+ .692R
y
+ .684R
y
+ .708R
y
+ .626R
y
+ .685R
y
+ .705R
y

+ .638R
y

equations for grade 3.
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Structural Equations

SA =+ + * |

TPP

[
=
wn

* Psyng + Rw
TPT = ny, + p,,n, + Pyab, t pucgc tPiq8q TR,
TAT = ng + pyon, + pyyn, + P3afa ¥ Ry

2 ¥ Py TR 8, P8+, £+ R

OCL = n, + plaga + RS

Figure 6. Causal model and structural equations for grade 6.




~23=-

ocL =n_+ 32005a + .980RS

T™C =n + .044n1 + .394Ea - .274£b + .0435c + .862Rt

TAT = n .055n + .242n - .347E + .916R
2 : 1 a u

i TPT = n + .440n2 + '%GSEa + .3105c + .3735d + .639Rv

TPP = n_ = .097n_ + .995R,
SAyoc = M + .150nu - .2545_ - .124gf + 8955, + .586R_
Shpgg = Mg T -109n_ + .328n - .270E + .02lE, + .889E, + .644R_
SAuss = M " :031n_ - 120, + .128E, + L824, + .583R

Shycong = Mg * -077n, * .191n - .158¢, + 1.001E, + .440R
SAycomp = he + .208nu - .026E, + .1045. + 8728, + .579R,
Shyapp = Mg + -100n_ + .32In - .362E - .085f; + .BSBE, + .692R
SAgp = . = -05In_+.220n - .109¢, + .181E. + .947E + .476R,
SApay = Mg = 171+ :261n - .315¢, + 1785 + .937gg‘+ '519Rx
SASsC =g T -039n_ + .175n - .2425 - .051E. + .BBAL, + .615R
SAggp = M+ -064ns - -198E, - .048E. + .692F, + .750R
SApgg = Mg * +136n - 2026, - L1226, + .695F, + .739R
Shpg = n = .077n_+ .189n - .227¢, + .677gf + 9206 + .559R_
SApy = n + .059ﬁ5 +.238n - .189E, +.950¢, + .ssénx

SATA =n + .060n + .123nu

.263
6 5 Ea

.1375f + .8505g + .635Rx

SATB =n - .0301’\5 + .1831’\1+ .2255a + .OBSEf + .954Eg + .522R.x

Figure 7. Solutions to structural equations for grade 6.
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schooling does méke a difference.

Another interesting observation is the reduction in residual
effects upon achievement between grades one and six. The reduction in
residual effects is accompanied by an increase in positive effects of IQ
upon achievement. ‘

Effect coefficients for student sex were low and mixed in direction
throughout the grades and from subtest to subtest. Perhaps sex differences
. among pupils no longer need be the concern they once were.

We cannot ekplain the directional shift to negative of effects of
principal leadership in grade six after being positive in grade three and
mixed in grade one. v
' There continues to be directional conflict between the effect
coefficients for teacher performance as seen by teachers themselves and
as seen by principals. We suspect this to be a lack of communication
between leadership personnel and teachers on curriculum matters. A summer
workshop was held last summer to concentrate on this problem and certain
others coming out of this data.

Despite our dissatisfaction with certain elements of our design,
we are convinced that the theoretical framework in which this design has
been cast is a useful one. We hope that the discovery of new variables
that significantly affect schooling will guide us in better representing
the real world of schooling. From the work thus far, we are encouraged
that the presence of a curriculum engineering system can be related to
teacher behaviors and studeﬁt achievement. There seems to be little doubt
as to the critical character of principal leadership upon the variates
studied. In the future{.we hope to add to the schooling effects studied
thus far variables having to do with the instructional processes. We.

feel that effects of instructional variables would supplant some of those

being used and cause further reduction in residual effects.
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