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Test of Causal Relations

ABSTRACT

One of the most persistent puzzles confronting parents and teachers is
uneven academic achievement among equally able students. What factors
cause some students to go above and beyond their personal and environmental
constraints is the focal interest of current social-cognitive theories of
motivation and action (e.g., Bandura, 1986; Markus et al., 1990). Among many
contributing factors, students’ expectancy or self—cozicept of ability (SCA) and
value at any specific task are proposed to mediate their achievement-related
behaviors such as choice, persistence, and actual performance {Eccles et al,,
1983). However, few studies systematically test reciprocal causal relations
among expectancy, value, and academic achievement.

Based on the structural equation modeling of 4-semester, longitudinal
data involving 826 sixth graders, this study tested the reciprocal causal relations
among SCA, intrinsic value (i.e., interest and likihg), and math performance of
early adolescents. Generally, the results show significant, reciprocal causal
relations between motivational factors and academic achievement. As
predicted, intrinsic value had a consistent and positive influence on
performance over time. Contrary to common beliefs, however, positive SCA
alone did not always have a positive influence on academic performance over
time when controlling for other factors. Unrealistically positive SCA was often
detrimental to both performance and value. There were significant gender
differences in these causal relations. For example, too high SCA had a slightly
negative impact on performance for girls. In addition, the causal effect of
performance feedback on students' SCA and value increased in the context of
junior high school.

The results of the study are discussed in the light of cultural and

contextual perspectives. Implications for education are also discussed.
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INTRODUCTION

One of the most persistent puzzles confronting parents and teachers is
uneven academic achievement among equally able students. What factors
cause some students to go above and beyond their personal and environmental
constraints is the focal interest of current social-cognitive theories of _
motivation and action (e.g., Bandura, 1986; Eccles et al., 1983; Markus et al.,

1990). These theorists propose that students' ability-related conceptions and
value-related beliefs mediate their achievement-related behaviors such as
choice, persistence, and actual performance.

With several exceptions (e.g., Eccles et al., 1983; Dweck & Leggett, 1988; Pintrich
& De Groot, 1990), however, most researchers have failed to integrate both ability-
related and value-related beliefs in their study of students' academic achievement.
For example, some researchers have stressed the theoretical significance of ability-
related beliefs like self-efficacy (Bandura, 1993; Schunk, 1991) or expectancy for success
(Weiner, 1985), while others have focused on the theoretical importance of value-
related beliefs like autonomy and intrinsic value (Deci & Ryan, 1985) or interest
(Krapp, Hidi, & Renniger, 1992).

More recently, several researchers have attempted to integrate both
components of motivational beliefs in their theoretical formulation to predict and
explain children's academic behaviors. For example, Eccles & her colleagues (Eccles
[Parsons], 1984; Eccles et al., 1983; Meece et al., 1990) tested their expectancy-value
model of achievement motivation in explaining children's academic choices and
performance. They showed that in general students’ expectancy for success predicted
subsequent performance in math more strongly than did their achievement values.
On the other hand, students' intention or actual decision to take a math course was
predicted by their valuing of math, not by expectancy for success. In a similar vein,
Pintrich & De Groot (1990) tested the relative contributions of motivational constructs
(i.e., self-efficacy, intrinsic value, test anxiety) along with self-regulated learning
constructs (i.e., strategy use and self-regulation) in accounting for academic

performance. When all variables were simultaneously entered in the equation,
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children’s self-regulation and self-efficacy turned out to be viable predictors of their
science grade by teachers.

Although there is a handful of research evidence on the causal effects of
motivational beliefs on performance attainments, we know less about the impact of
academic achievement on subsequent ability-beliefs and values. One may wonder, for
example, whether a child's high mark in math might subsequently lead to his or her
greater self-confidence in the same subject matter. Similarly, are favorable grades in
science llikely to generate higher interest in science projects? Interestingly, the
research on this area has been conducted in a different tradition. There has long been
an ongoing debate in the causal priority between self-concept and academic
achievement (Calsyn & Kenny, 1977; Marsh, 1990; Purkey, 1970). Some reseaichers
(e.g., Marsh, 1990) endorse the causal priority of self-concept of ability (SCA) over
achievement. In contrast, other researchers (e.g., Calsyn and Kenny, 1977) support the
causal preponderance of achievement over SCA. Some researchers (e.g., Skaalvik &
Hagtvet, 1990) suggest reciprocal relation between self-concept and achievement. Still
others (e.g., Byrne, 1986) have found no evidence for any causal predominance. The
divergence of age groups, specification of the domain of achievement, definition of
self-concept, and measures of academic achievement seems to produce inconsistent
results (Hansford & Hattie, 1982). Remarkably absent in this research tradition is the
role of value in the causal dynamics of academic achievement. Therefore, exploring
the possibility of feciprocal casual relations between academic achievement and self-
concept of ability (SCA) on one hand and value on the other hand is very intriguing
in light of their theoretical and practical implications for education.

In sum, ample evidence exists showing empirical associations between
positive SCA and enhanced academic achievement on one hand, and between
intrinsic value and improved academic performance on the other. However, a
literature review revealed that: (1) The causal direction between them is often
ambiguous; (2) There are relatively few studies of the net or independent causal
effect of SCA or value on achievement; and (3) Even fewer studies tested

reciprocal causal relations among SCA, value, and academic achievement in a

systematic fashion.
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By merging divergent research traditions yet building upon the
theoretical basis of expectancy-value model of achievement motivation (Eccles
et al., 1983), the present study tested the causal relations among SCA, value, and
academic achievement. Unlike others who took a domain-general approach to
academic achievement (e.g., Byrne, 1986), we employed a domain-specific
approach by focusing on mathematics as a domain of academic achievement.

This study is designed to assess the extent to which SCA and value
contribute to early adolescents' academic achievement above and beyond the
stable effect of past academic performance. In addition, this study assesses
changes in SCA and value as developmental outcomes of academic
achievement. In addition, we address the following specific questions in this
study.

Net or independent causal effect:

1. Does SCA influence subsequent performance after controlling for value
and prior performance? Can positive SCA alone enhance learning?

2. Does performance affect subsequent SCA after controlling for value and
prior SCA? Do students reformulate their SCA in response to their own
performance outcomes?

3. Does intrinsic value (i.e., liking and interest) influence on subsequent
performance when SCA and prior performance being equal?

4. Do students'’ liking for and interest in a specific subject matter change in
response to their performance outcomes?

5. Does SCA affect subsequent value?

6. Doees value affect subsequent SCA?

Reciprocal causal relation & causal order:

7. Is there any significant, reciprocal causal relation between each pair of
variables: (1) SCA and performance, (2) value and performance, and (3) SCA
and value? If causal influences are bi-directional, which factor is predominant?
Developmental and context effects:

8. Is there any developmental pattern in the causal relations among SCA,

value, and performance?
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9. Does the transition to junior high school affect the causal relations?

Gender difference:

10.  Is there any significant gender difference in the pattern of the causal

relations?
METHOD

Data

The data presented in this study were collected as a part of a larger.
longitudinal investigation headed by Jacquelynne Eccles (The Michigan Study
of Adolescent Life Transitions: MSALT).

Participants

One hundred and seventeen teachers who taught math to the 6th grade
students participated in Year 1 data collection. Of these classrooms, 75% were
heterogeneously grouped, and 25% used between-classroom ability grouping,
All of these teachers’ students were asked to take part in the study, and 79%
agreed to participate at Year 1. The students were then followed into 131 junior
high school math classrooms for Year 2. Forty-three percent of the Year 2
classrooms were heterogeneously grouped, and 57% used between-classroom
ability grouping; hence, between-classroom grouping was much more
prevalent in Year 2. About 1,850 students completed questionnaires at all four
waves. The total number of cases that were included in the final covariance

analyses was 826 (463 females, 363 males).

Design and Analysis

In the present study, we build on earlier empirical research on the
relations between motivational factors and academic achievement in several

important ways.

* Multiwave, longitudinal design
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SCA and intrinsic value were measured over four waves, that is, twice
in the sixth grade and twice in the seventh grade. Students' semester math

grades were obtained from the school records.

e Developmental data involving junior high school transition

The study period encompassed (1) within the elementary school year, (2)
between the elementary and junior high school years (i.e., during the junior
high transition), and (3) within the junior high school year. This design allows
to examine both developmental and context effects.
e Structural equation modeling (SEM) approach in conjunction with cross-

lagged panel design

LISREL 8 program (J6reskog & Sorbom, 1993) was used to perform the
structural equation modeling. This causal modeling technique, particularly
when used in conjunction with cross-lagged panel design (Alwin, 1988; Rogosa,
1980), has been proved to be an appropriate analytic tool for addressing the
causality issues. Auto-regressive coefficients provide information about the
stability of each of the measures. Cross-lagged partial structural coefficients

provide information about the direction and magnitude of the causal effects.
* Measurement error model of latent variables with multiple indicators
Measurement model was designed to correct for (or disattenuate) the
potential effect of non-random measurement errors (e.g., systematic response
biases from students' self-reports).
e Multi-group analysis
This approach was used to test gender differences in the pattern of causal

relations and to test the between-gender measurement equivalence.

Measures

The actual measures for this study are presented in Table 1. Survey
questionnaire method of data collection was used to measure students'
achievement-related attitudes and beliefs. Many of the measures used a 7-

point, Likert-type response scale.
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RESULTS

Model Evaluation (see Table 2)

The base model (M1), based on the original model specifications,
contained an improper estimation problem. The final model (M2) resolved
this problem by adding 2nd-order auto-regressive effect parameters to the base
model. The most serious contender to the final model was the isolated stability
model (M4), which precludes any cross-lagged causal effect . However, this
rival hypothesis was not tenable. The synchronous effect model (M5) was also
tested. Even though the fit of this synchronous model was acceptable, it
violated the basic assumption of the cross-lagged panel design that this study

was based on.

Patterns of Stability (see Figures 1-a, 1-b, and Figure 2)

“The timing of destabilization of SCA, value, and math performance
varied. Especially among females, the major shuffling of relative class standing
in performance and value was followed by the major change (or

reformulation) in SCA, but not the way around.

Tests of Causal Relations (see Figure 2 and Tables 3 & 4)

Net or independent causal effect:

1. The net causal effect of SCA on subsequent performance depended
on the gender of students (see below and No. 10) and the school context (see
No. 9). Consistent with current theories of achievement motivation, for males,
positive SCA in fact boosted math performance within the same school
contexts, even after controlling for prior performance and value.

Contradictory to common beliefs, however, SCA had a consistently
negative effect on subsequent math performance for females, though the effect
size was statistically marginal at best. In other words, given comparable prior
performance and liking/interest, those girls who had relatively higher SCA

performed worse than girls who had lower SCA.
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2. As predicted, students’ performance attainment changed their
SCA. Consistent with attributonal theory, however, the reformulation of SCA
occurred only when performance outcomes themselves were stable over time.

3. Generally, liking and interest had a positive, even if small,
influence on performance.

4. Students’ liking and interest changed in response to théirh
performance outcomes.

5. SCA affected liking and interest slightly negatively, though
marginally significant at best.

6. Generally, liking and interest positively influenced on subsequent
SCA.
Reciprocal causal relation & causal order:

7. As predicted, there was some sign of significant, reciprocal causal
relation between SCA and performance. However, the comparison of net
causal effects between them supports the skill development hypothesis, which
suggests the causal priority of performance over SCA .

There was a minor sign of reciprocal causal relation between value and
performance. The causal order between these two was ambiguous.

Lastly, there was some indication of reciprocal causal relation between
value and SCA. In terms of causal order, value seems to drive SCA rather than
the other way around.

Developmental and context effects:

8 & 9. Developmental changes in expectancy, value, and achievement
were confounded with the context effects resulting from the transition to
junior high school (see Yoon et al., 1996 for full details). However, generally
greater causal relations between performance and SCA in particular found
within the junior high school year suggest that the salience of normative and
public evaluation increased students' sensitivity to teachers' performance

feedback. Another sign of context effect was the negative effect of SCA on

academic achievement (i.e., 4, effects) during the transitional period .
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Gender difference:

10.  Finally, there was a significant gender difference in the pattern of
causal relations among expectancy, value, and academic achievement. For
example, the SCA effect on performance was positive for males, but negative
for females. Using the multi-sample analysis method, a series of incremental
chi-square test were conducted to see if factor structure was invariant between
gender (see Table 2). First, an alternative model (M6), which assumes the equal
factor loading between genders, was not tenable. Similarly, another alternative
model (M7), which assumes the equal structural parameters (i.e., causal effects)
between genders, was also not acceptable. Therefore, we concluded that there is
significant gender differences in the pattern of causal relati
value, and academic achievement of early adolescents.

In brief, we found some evidence of reciprocal causal relations among
SCA, value, and academic achievement of early adolescents. However, these

causal dynamics were somewhat moderated by the gender of early adolescents

and the context of schooling,.

DISCUSSION

We urge students to hold a realistic view of themselves on one hand,
but we also encourage them to maintain a positive view of themselves (e.g.,
positive SCA) on the other hand. Apparently, the latter position is based on
the assumption that positive SCA -- realistic or not -- has motivational and
self-enhancing effects on subsequent performance attainments. However, the
results of this study suggest that this assumption is not necessarily warranted.
We found that, consistent with current theories of motivation, even
unrealistically inflated SCA or over-confidence helped males' academic
achievement. However, the opposite was true for females. When the effects of
value and prior performance were partialled out, over-confidence was slightly
harmful to subsequent performance for females. Furthermore, at the time of
profound changes in learning environments, the unwarranted optimism in

one's ability was clearly detrimental to subsequent performance for boys in
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particular. It appears, then, that while males are likely to benefit from the
promotion of positive, even unrealistic, self-concepts, females are likely to gain
from encouragement of realistic self-concepts.

Compared to other societies (e.g., Stevenson & Stigler, 1992), American
society seems to exalt the motivational effects of positive self-concepts. Several
cross-cultural researchers found that some societies tend to stress a more
realistic view of self. For example, Markus and Kitayama (1994) suggested that
Japanese society promotes self-criticism for the sake of self-improvement and
discourages unrealistically positive self-esteem. Oettingen et al. (1994) found
that educational practices under the old East Berlin system also encouraged
te self-appraisals. It is speculated that in the context of encouraging
positive self-concept independent of actual achievement, the correspondence
or causal relation between SCA and achievement is tenuous.

Finally, in contrast to the mixed effects of SCA, intrinsic value (i.e.,
liking and interest) produced consistently positive influence on subsequent
performance, and vice versa. Unlike the preoccupation with one's relative
ability, intrinsic interest seems to foster a task focus and a mastery goal
orientation, which are conducive to learning. The implication of the results
are clear. Educators are urged to highlight the role of value in enhancing
academic achievement. The theorists of achievement motivation are called to
reconsider the assumptions about the motivational quality of expectancies or

positive self-concept of ability.
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Table 1

The Measures of the Present Study: SCA, Value, and Academic Achievement

Self-concept of Ability (SCA)
¢ How good at math are you? (GOOD)
(1) not at all good ... (7) very good

* If you were to rank all the students in your math class from the worst to the best in

math, where would you put yourself? (RANK)
(1) the worst ... (7) the best

+  Compared to most of your other school subjects, how good are you at math? (SUBJ)

(1) much worse ... (7) much better
* How well do you think you will do in math this year? (EXPE)
(1) not at all well ... (7) very well
Valie
* In general, 1 find working on math assignments: (INTRST)
(1) very boring ... (7) very interesting.
*  How much do you like doing math? (LIKE)
(Dalittle ... (7)ya lot
* Would you take more math if you didn't have to? (Reversed) (TAKE)

(1) I would definitely take more math

(2) 1 probably would take more math

{3) Maybe I would take more math

(4) I'm not sure

(5) Maybe, but not that likely

(6) I probably would not take any more math

(7} I very definitely would not take any more math

Academic Achievement

« Teacher's grades in math (GRADE)
(DFE. (2YE-.(DE, ... (15 A, (16) A+

* Compared to other students in this class, how well is this student performing in math?

(T.RATE)

(1) near the botton of the class
{2) below the muddle of the class
(3) in the middle of the class

(4) above the middle of the class
(5) one of the best in the class

Note.
Variable names in parentheses.



XIPUL M POULION-UON ([ANN “XOPUT Ml PAULION (LIN “YaPUJ i1 JO S$IUPOOD) ([40)  2Iop

« 6087 g€ TNLN S6° 160 88 000 TLLI61  St0l SUIENSUOD doUBLIBAUL s ¢ topuag-uaomiag /m TW - LW

* ST8E T CN9N S6° 16 88 00 L9L06T 9701 SIUIBIISUOD JDURLIEAUL §Y IOPUIT-UdImdY /m TN OW
«98F 0 CACSIN 560 Z6 68" 00 9SP98T  TOOL  SIO9R 239 P SNOUCIGIUAS /m ZIAL ([OPOUI SNOUCIQIUAS S
w2 SG'80C 9 AP v 160 L8 000 LERLOT  SE01 S1091J3 PASTR[-$50.10 O/m TN HOPOUL AR[IGEIS PALIOS] P
« 0V0T b EWTIN 66 T6 68 000 TO'6S8I 866 SIPTIF B JO SIOLD PAIRIDLIOD JPIO-PUZ f4 TN £
wrx STOLT O CN-TIN S6° 26 68 000 Tv6981 2001 S1991J9 2AISSAITUOINE 1APIO-PUT /M | ([OPOW [RUL] T
6 06 Ly 00 L98¥IT  TROI 109))9 padle-s5000 7 oa1ssa1faioing 1opio-)s | PO asegl FIN

dy v Jpv uosiedwo) NN LN WD d &P uonduasac PPON

[FPON

POUDULLOLI2 ] pun “2njuA oup1adyi fo sjapoy JOSHB Y SALDUIBI]Y J0 11.]-f0-S52upoon)

7L



CRI AL ER g 1)
UBWIIOFI] YR PUe Dn[eA “YDS Ul AJI[Iqe)S Jo surayeg

‘P-T 34NS1g
aur,
UOTHSURL ], JOHY uonsueI], Jurmg] UOHISURI], 10594
W 00
10

anep DISULIU] e —O —
SOPBIT) —— o
vOs---[0---

xapu] L31Iqels




UORISURL] 191y

I 40f
FOUPULAOMD YA pup ‘OnfuA VOS5 W Appiquis o suiopvg

N[RA JISULIIU] - —O —
SAPBITY —— e
VOS---[1---

‘-1 aanS1y
Uiy,
uoprsuel], unmngy UOT)ISURI], 8I0Jog
ﬁ 00
- 10
[ eo

£0

“¥0

G0

- 90

xapup AI[IqeIs



TO0 > gun 10 >d g SO >d 01 >d | ‘ST[EW JOJ 2IB WON0Q 24) I8 I50Y) pue
sa[ewag 10§ 21e dol U0 $IUBDYJI0D [eIgonns ay ], ‘paptodas st UONMHOY PIZIPIBPUR)S JLRIUT UOWLIOD § THHSTT ‘PN

(HHIOLIO) JUSWRARIYOY JIUISPEIY pue anfeA ‘(VDOS) Aouppadxyy Suowe suoney [esne]) Jo (ZIN) [SPO [BImONIS [eul] 9y,
T NI

S0
B8’ .wU

()
anfeA
L
€0
1G1-
O™~ g
O’
Ehwhmm _— UMOLIO | g _EMMma 9 ,..06 _‘Ewum&
Nwm\w m: 0¥ mwc( - A mg
L £2° 2 S I
Ao L1 L 0-'P
oL .
. LE c0
.:.«.@N n— mo.s N.—. o . v *
e g 1 w8
A oo " . xxE8’
s el ] : g K
*¥ . voe sual ¥ el
m“.m Ll Fa FA a.x«.h.v. - ot vos
”\_.\ .ﬁ w.m ¥ AR w.g
L Gp (sorewr 1o) o ¢
bl (sorewsay ao) ,z) ©
_EMMMH“@% m:mwgm J2)SWAG [0 Igpsawiag Juudg I21sawas eyl
aper
pratui], uonIsueLy, vy ﬂ.u,u_EHF uonIsiel], Surmgg uwmm.ww“ulﬁ UONTSUE1 ] 010§ag pED 9
(B2 X U1y ) . (162 & -uoomyoag) . (1IR3 X -upipm ) FoumL
€ Bep oy, T Sej oun,

{ Sepouny,




Table 3

First- and Second-Order Autoregressive Correlations and Partial Structural Coefficients
of SCA, Value, and Performance for Females and Males: Stabilities

Causal path  LISREL Females Males

or effect ¥ notation r b (SE) B p r b (SE)Y B p
a (B4l ) 72 40(.07) 45 78 36(.09) 64
a (B74 ) 55  48(.12) 47 == 53 49 (.13) 47
a (B107 ) 60  17(.08) 17 * 70 B37(07) 35
a; (B7.1 ) 48  15(.06) - 18 * 46 I5(.09) 16 +
as (B104 ) 43  12(.05) 11 * 51 12(.05) a1 *
b (B4l ) 87  90(.06) 87 93 93(.07) 90 ¥
b, (P74 ) 59 52(.i6) .40 63 65(29) 50 *
by (B1O7 ) 90  92(.07) .89 *w 86  65(.07) 64
b, (B93 ) 58 39(.14) 29 = 63 41(27) 31
bs (B126 ) 64  23(.06) @ .17 = 68 29( 06) @ 22
o (B52 3 83  84(.09) T6 * 78 99(.A5) | .90 v
& (B85 ) 74  47(.13) 50 = 69 64(.14) 68 *
& (BIL8 ) 77 95(.16) 89 *= 79 72(.11) 68 v
¢y (P82 ) 72 29(10) .29 = 55 06(13) 05
e (B115 ) 58  02(.09) = .02 57  04(.07) 04

Note,

® Causal path or effect letters refer to Figure 2.

r represents correlation between latent (1 or eta) variables.
b represents unstandardized partial structural coefficients estimated by

LISREL's maximum-likelihood method.

SE stands for the standard error of b coefficients.

B represents standardized partial structural coefficients.
tp <10; * p <05 **p <01; ***p <.001.



Table 4

Cross-lagged Correlations and Partial Structural Coefficients of SCA, Value, and Performance
for Females and Males: Independent Causal Effects -

® Causal path or effect letters refer to Figure 2.

r represents correlation between latent (1) or eta) variables.
b represents unstandardized partial structural coefficients estimated by

LISREL's maximumd-likelihood method.
SE stands for the standard error of b coefficients.
B represents standardized partial structural coefficients.
tp <10 * p <05 *p <0L;, **p <001

Causal path  LISREL Females Males
or effect$ notation r b (SE)Y B p 7 b (SE) B p
d; ( B6.1 ) 52 L1412y -07 66 15 (.14 ) - 07
da ( B4 ) 26 48 (27} -17 39 66 (29) -23 %
d, ( B12.7) 43 -31(.16) @ -11 + 51 36(.16) 413 *
e, (Bs.1 ) 27 13(.08) .08 33 06(.09) .04
e (B84 ) 09  03(.16) .02 2 25(12) 12 ¢
e (B117 ) 23  08(.11) & 04 28 -03(.10) -01
f, (P43 ) 56  A1(.08) 23 *m 65 11(.03) 24
f, (76 ) 37  00(.03) .00 33 -06(.04) -13
f, (BlOS ) 59  17(.02) .44 v 69 I5(02) 41
e, ( B53 ) 24 03(.04) 05 25 03(.05) .05
o ( BR6 ) 27 06 (.04) @ .10 A6 -05( .05)  -09
g, ( B119) 28 08(03) 16 * 30 05(.02) 09 ¢
hy (B51 ) 52 -03(.10) -03 46 -08( .16)  -06
h, (B84 ) 49  -14(13) -10 37 05(.16) .04
_ h (B11.7 ) 47 21 (.12) 215 52 -03(.09) -03
i, (B42 ) 54 15(.05) - 19 * 43 -01(.05) -02
i (B7.5 ) 35 07 (.06) -09 39 07 (.05) .10
i (108 ) 51 21(.06) 26 * 50  09(.04) 10 *
Note.



