FREFATHAELE ¢ P

THE SRFL

REIRENELEFFY

O I
E S B
ESRNRCA I
HFHE
R
X oA F A
T LRy
A S
)‘%@ m 3 A

%9ﬁfﬁ$£(
Py a%EL(RER)

N Y
: NSC 96-2522-S-003-017-MY3
98 & 087 01l p % 100# 07" 31 p
PR AR FERET

s
DME S
. -&.%4——}]\]4’94

+ & 4_431\ iF 4
+ & 4_431\ iF 4
+ & 4_431\ iF 4

Dok RN LR

oo

18 M 5]

Fafﬁ ﬁ E
~ o~~~
T Wy Sy g

"W

el
DIAR MK
R
e

R FEM AR

(#)

PR REERF L CEREEF A G

100 # 10 » 28 p




Modelsfor predicting adolescents’ math achievement and math car eer
intention across ages 9 to 15: Developmental trends of gender similarities

and gender differences

Abstract

The purpose of this study was to investigate the developmental trends of gender
similarities and differences on factors which affect boys and girls’ math-achievement
and math-career intention. Based on comprehensive data from atotal 3,157 adolescents
ranging in age from 9 to 15 years old, latent factor SEM models for students with
different age level and gender were established. The major findings were: 1) Gender has
small to moderate effect on math performance and career intention. All effects are
indirectly mediated by other factors. 2) Ability factors are important predictive factors
for math performance, while math interest, math self-efficacy, perceived peer support,
math anxiety, outcome expectancy and persona style better predict math career intention.
Math performance and math career intention are distinct constructs, with only low to
median correlation. 3) The way boys and girls differ varies as age grows. Generally, a
stable link between constructs for all samples was from math anxiety, to math
self-efficacy, math interest, and math career intention. Besides, stereotype, math anxiety,
and math self-efficacy were found to show comparatively more strong impacts for girls.
4) Family support, organized style, and perceived peer support are constructs which
show many links to other learning-related variables. 5) At some age point from Grade 4
to grade 7, girls’ math-anxiety and math-gender stereotype grows rapidly. This is the
critical period which deserves educators’ very attention. 6) As age grows older, the
relative importance of family support and interest decrease, while the relative
importance of self-efficacy and ability increase. Applications and future directions based
on these findings were discussed.

Keywords. Developmental approach, Gender similarities, gender differences,
Math achievement, Math career intention, SEM.
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| ntroduction

Math and science is, without doubt, fundamental and crucial. However, one consistent
finding has been the gap in standardized tests of mathematics favoring males (Ackerman, 2006;
Halpern, 2000; Halpern, Wai, & Saw, 2005; Maccoby & Jacklin, 1974). Even if the gender
gap in mathematical and scientific performances is closing, there still no parity in
representation of males and females in the science-related professional fields ( Spelke, 2005;
Wickware, 1997).

Various biological and social variables vary as afunction of gender. Some of these
differences may have substantial importance and consequences (Davis & Shackelford, 2006;
Zuriff, 2006). Lippa (2006) suggested that, a balanced perspective recognizing both gender
differences and gender similarities, or so called ‘gender reality’ better be hold. We find this point
by Halpern (2000, p.8) most convincing “differences are not deficiencies, and it is only through
careful study of differences that similarities can be revealed”.

Based on the meta analyses by Hyde(2005), males excel females on overall math

performance(effect size d=+.16) - math problem solving (d=+.08) - math sdf
confidence(d=+.16); On the contrary, females excd males on computation(d=-.14) -

number(d=-.10), and show more math anxiety (d=-.15). There seemed no gender differences
on math concepts (d=-.03). These results show that maes perform better on math works
related complicated higher-level information processing, while females perform better on
math which need calculations. Besides, researchers also suggested a need to study this gender
issue in adevelopmental view (Hyde, Fennema, & Lamon, 1990).

Besides gender, there are multiple factors which affect learning, such as cognitive abilities,
motivation, interest, attitude, etc. Several researchers suggested that when considering
gender-math issue, all the learning related factors better be considered into the same picture. For

example, Bryne’s (2003,2005) *Three Conditions Model (3C model)’ suggested that learning
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opportunities, motivation, and aptitude are the three major factors for explaining math
performance. Other factors such as gene, learning experiences, and family/school environments
are variables which affect those three major factors. This 3C model explains roughly 40-50%
variance on math performance. Matthews, Zeigner, & Roberts (2006) also raised another
hypothesized model for learning performance. Variables from multi-domains, such as intelligence,
aptitude, domain knowledge, personality, motivation (self-efficacy), efforts, and anxiety, were all
considered as crucial ones.

Math learning is known to associate with all these abovementioned variables. Math
performance is reported to related to intelligence (Ackerman, Bowen, Beier, & Kanfer,2001;
Glutting, Watkins, Konold, & McDermott, 2006), working memory (Keeler & Swanson,2001;
Swanson & Beebe-Frankenberger,2004), self-concept( Marsh & Hau,2004), self-efficacy
(Kenney-Benson, Pomerantz, & Ryan, 2006), math anxiety (Chipman, Krantz & Silver,1992,
1995), math interest (Ackerman, Bowen, Beler,& Kanfer, 2001, 2002), and parents support
(Brown & Josephs, 1999). Since these factors all related to math learning, they could be
mediating variables which explain the effect of gender on math learning. For example,
researchers suggested that visual-spatial and mental rotation ability is strongly associated with
gender difference on math (Geary, Saults, Liu, & Hoard, 2000; Halpern, Wai,& Saw, 2005;
Hedges & Nowell, 1995; Nuttall, Casey,& Pezaris, 2005). Gender differences also have been
found in reasoning (Lynn & Irwing, 2004, 2005), personality (Feingold, 1994; Pinquart &
Sérensen, 2001), math anxiety (Hyde, Fennema, Ryan, Frost, & Hopp, 1990), self-efficacy(Ewers
& Wood, 1993; Pgjares & Miller, 1994), math interest/math career intention( Wigfield, Battle,
Keller, & Eccles, 2002), and math experiences provided by parents (Ruble & Martin, 1998).As
suspected, all these discrepancies may somehow work together for accounting the gender
difference on learning outcome (Ackerman, Bowen, Beier, & Kanfer , 2001). It is thus important

to differentiate al these paths while studying gender reality on math (Ackerman & Lohman, 2006;



Chipman,2005).

In our recent study (Chen, Chen, Chang, & Lee, 2009), we investigated developmental
trends in gender reality for the school-age children in Taiwan. Data sets for 11 cognitive and
affective psychological tests were analyzed (altogether, 17,453 maes and 16,526 females),
majority of them are large, representative, and normative data. Our results supported the
importance of viewing gender reality from a developmental perspective. Most importantly,
gender differences in affective attributes such as personality, interest, and learning styles were
fairly stable across age levels (d = 0.30 to 0.80). Cognitive advantages for each gender,
however, varied with developmental phase. We were astonished at how distinct gender
affective attributes were extraordinarily constant across age levels. Styles of persondlity,
learning styles, emotions, and interests expressed in early elementary school seemed to remain
unchanged as the children developed. Generally, girls showed dlightly stronger levels of
depression and had more organized and feeling-oriented learning styles. Boys expressed more
imaginative, flexible, and thinking-oriented learning styles and showed more rule-violating
behaviors. Interests of each gender were also quite different. Boys show stronger preferences
for mechanical and scientific activities. Girls find people-oriented activities more attractive,
such as teaching, persuasion, and socia services. In the gender-math literature, these variables
have seldom been investigated in the hypothesized model. However, we suspected that they
could be important mediating factors.

In fact, we should not under-estimate possible cumulative effects of all these factors on
math gender-differences. For example, given that the gender gap in mathematical and
scientific performancesis closing, why is there still no parity in representation of males and
femalesin the science-related professional fields (Spelke, 2005; Wickware, 1997)? As
findings demonstrated, on the average, males tend to develop to be more thinking-oriented

and more flexible. They had better genera knowledge, were more emotional stable, were



better at reasoning and less interested in spending time teach and persuade others. Gridley
(2006) pointed out that ability cannot explain everything. Thinking styles, such as
thinking-feeling orientation, help an individual with career selection. One’s preference and
orientation toward people or thing may play acrucia role in the kind of career that one
become interested in. As Feist (2006, p.163) contended, “Imaging a scientist without a unique
style of behavior and thinking is nearly impossible. Scientific interest and achievement have
fascinating and complex developmental paths and are more likely to come from people with
particular kinds of personalities and traits than with other kinds of personalities”. Webb,
Lubinski, & Benbow (2002) also suggested the effect of individual differences on influencing
human decisions cannot be ignored. Equal gender representation across all
educational-vocational domains may conflict with what might be happening naturally. Thus,
“equal male-femal e representation across disciplines may not be as simple to accomplish as
many policy discussions imply (Webb et al. 2002, p.785)”.

As Halpern, Benbow, Geary, Gur, Hyde, and Gernsbacher (2007, p.41) wonderfully
concluded, “There is no single factor by itself that has been shown to determine sex
differences in science and math. Early experience, biological constraints, educational policy,
and cultural context each have effects, and these effects add and interact in complex and
sometimes unpredictable ways”. Since recent research consistently reported that the gender
gap in mathematical and scientific performancesis closing, however there still no parity in
representation of males and females in the science-related professional fields (Spelke, 2005;
Wickware, 1997). Considering al the above findings, we carefully selected variablesin this
current study for better understand the underlying mechanism for modeling gender reality on
math performance and math career intention. Especially, affective factors which show large

and constant gender differences were jointly valued and investigated.



M ethods

Participants
We analyzed data from three samples; students from elementary school (4™ graders),

junior-high school (7" graders), and senior-high school (10™ graders).

The elementary sample consists of 860 4™ graders (9 years ol€). They were from four
schoolsin both Taipel city and New Taipei city. A total of 818 children (429 boys and 389
girls) were later considered as being valid cases for formal analyses because of showing
acceptabl e percentages of missing responses. The average verbal intelligence (VIQ) of the
sample was 106.2, with a SD of 14.0. The mean performance intelligence (PIQ) of the sample

was 101.6, with a SD of 14.0.

The Junior-high school sample consists of 1,145 7" graders (12 years ole). They were
from three schools in both Taipei city and New Taipei city. A total of 1,102 children (568
boys and 534 girls) were later considered as being valid cases for formal analyses because of
showing acceptable percentages of missing responses. The average verbal intelligence (VIQ)
of the sample was 102.6, with a SD of 15.5. The mean performance intelligence (PIQ) of the

samplewas 102.1, with a SD of 16.5.

The Senior-high school sample consists of 1,259 10" graders (15 years ole). They were
from three schools in both Taipei city and New Taipei city. A total of 1,237 children (717
boys and 520 girls) were later considered as being valid cases for formal analyses because of
showing acceptable percentages of missing responses. The average verbal intelligence (VIQ)
of the sample was 107.20, with a SD of 12.3. The mean performance intelligence (PIQ) of the
sample was 107.50, with a SD of 12.45. Obviously, compared to the national norm, high

school students are group with higher abilities.



I nstrumentation
For each participant, data on four domains were collected via the instruments described
asfollows:
(a) Reasoning ability:
The Otis-Lennon School Ability Test (OLSAT) (Otis & Lennon, 2006, 2008) was used
to measure both the verbal and nonverbal reasoning abilities (or also called VIQ and
PIQ). Each domain contains 30 items, and altogether takes 40, 45, and 50 minutes to
complete for 4thm 7" and 10™ graders. The standardized and representative Taiwan
norm was recently devel oped, and it was demonstrated to have good reliability (internal

consistency is around 0.90 for all ages) and validity.

(b) Spatial ability:

The spatial mental rotation subtest in Differential Aptitude Tests-V (DAT-V) (Bennett,
Seashore, & Wesman, 1999) was used. This subtest has 50 items, and the time limit was
15 minutes, as specified in the standardized manual. The Taiwan version reported both
good reliability (with internal consistency above 0.90 for all ages) and validity. A total

of 240 students were pilot tested for ensuring the utility of thistest in this current study.

(c) Math achievement:

The various forms of math achievement test (one form for each grade) were developed
by the authors and an expert team including professors in the area of Mathematic
education, and experienced math teachers. The process of test devel opment followed
standard psychometric procedure: an expert team of six professionals was first grouped.
The structure of TIMS 2007 was reviewed and followed, and the construct of each test

form was decided to be specified by two major domains. cognitive domain and content



domains. Cognitive domain includes 3 categories. knowing, Applying, and Reasoning;
while the content domain includes 5 categories. Number, M easurement, Geometry,
Algebra, Data and chance. Based on the official Mathematics curriculum outline
announced by Ministry of Education, the expert team decided the percentages of each
categories ( see appendix 1 for detailed percentage information for each form), which
were then served as the guide for item writing and test devel opment.

Pilot testing was conducted with a sample of 1,306 children from age 8 to 16.
Problematic items were either deleted or revised. Each form contains 20 to 30 items
with multiple types (multiple choice, fill in the blank, open-ended questions, etc). Each
form take about 40, 45, and 50 minutes to complete for 4", 7" | and 10™ graders. The

reliabilities of final forms are around 0.62 to 0.86 (Md = .83).

(d) Other math-learning related personal factors:

A sdlf-reported questionnaire (with likert-type, five-point items) was developed by
authors. Preliminary items were written by authors based on important constructs from a
comprehensive literature review. We reviewed literaturesin fields of gender research and
genera learning related theories. Variables from severa theories were carefully
considered and selected. The main referenced theories were: Theory for Educational
Productivity (Walberg, 1984, 1988); Social Cognitive Career Theory (SCCT) (Lent,
Brown, Hackett, 1993, 1994, 2000; Lent 2003); and Self Determination Theory (SDT)

(Deci & Ryan, 1985, 2000, 2008 ).

At the preliminary phase, the 1% draft of this questionnaire included 182 items which
constitute 26 factors (7 items for each factor). After item analyses based on a pilot

sample of 1,245 children, only 100 items which contributing to 25 factors remained (4
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items for each factor). The median factor reliability was .75 based on pilot sample.

Briefly, questionnaire data covers the following main categories. (1) personal affective
characteristics (thinking vs feeling oriented learning styles,; organized vsflexible
oriented learning styles, negative emotions, positive self concept, people-oriented
interest , and tendency to obey rules); (2) family background and perceived parents’
factors (expectation, involvement, autonomy supportive, and math-learning supportive);
(3) perceived math teachers’ factors (autonomy supportive, expectation and teaching
involvement); (4) perceived peer’ factors (math-learning supportive); (5) perceived
math-related environmental factors (relatedness, others’ math-gender stereotype); (6)
previous math-learning experience; (7) persona motivation factors (self efficacy,
outcome expectancy, intrinsic and extrinsic motivations, and efforts); and (8) personal
math attitude (self math-gender stereotype, math anxiety, math interest, and intention to

choose math as career options).

Later on, we conducted more advanced factor analyses based on forma sample, and
revised the composite of studied factors. The final selected factors from this
questionnaire were: 1) Parent education level (2 items); 2) Family support /involvement
(5 items); 3) feeling-oriented style (5 items); 4) organized-oriented style (5 items); 5)
negative style (5 items); 6) human-oriented style (5 items); 7) perceived others’
math-gender stereotype (4 items); 8) self math-gender stereotype (4 items); 9)
math-anxiety (4 items); 10) parents’ math support (3 items); 11) peers’ math support (4
items); 12) math teachers’ teaching quality/support (8 items); 12) math self-efficacy(4
items); 14) math outcome-expectancy (4 items); 15) math interest (5 items); 16) study

efforts made for math (4 items); and 17) math career intention(4 items)

11



Hypothesized starting model
Based on athrough literature, the baseline starting model, which predicts the math
performance and math career intention, was first hypothesized. A total of 22 factors
were selected for modeling (gender, VIQ, PIQ, spatial ability, math performance, and

the other 17 factors from questionnaire as mentioned in the above session).

Figure 1 shows the hypothesized starting model. In this model, gender was proposed to
have direct effect on ability, personality, and perceived environment support. Relevant
background characteristics were controlled, including parent education level and family
involvement. It was assumed that gender differences on math performance and math
career intention were indirectly mediated by intervening factors such as abilities,
personal style, perceived environment support, stereotype, anxiety, self-efficacy,
outcome expectancy, interest, and effort. The unique characteristic of this model was
that a comprehensive background factors (abilities, personality and styles, family
background) were jointly considered, which will make us having a better control and
better understanding on the relationships between other factors(Keith, 2006). Detailed

variable quality will be reported in the result session.

12
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Analysis
Latent variable structural equation modeling (SEM) was used to determine the
magnitude of the influence of relevant variables on Math performance and career
intention.
Based on this same specified starting model as depicted in figure 1, we analyzed the
datafrom grade 4, grade 7, and gradel0 separately. Thus atotal of three sets of analyses
were processed. For each set of analyses, a calibration-validation approach was used
where two-third of each sample was randomly selected as the calibration sample to test
hypotheses and modifications (modifications were guided by both theoretical
meaningfulness and LISREL MI index), while remaining third was used to
cross-validate the results of calibration analyses. Once a best-fitting solution for each
data set (grade 4, 7, or 10) was calibrated and validated, final parameters were retested

using the entire sample. For model clarity, only paths showing at |east small effects (5

=.05) were kept for later separated analyses for each gender.
All the SEM runs were conducted based on the analysis of covariance structure models

using LISREL 8.8 (Joreskog & Sdrbom, 2006). The scale of latent factors were defined
by fixing a factor loading each to one. Multiple indices of model fit (Bentler & Bonett,
1980; Hu & Bentler, 1998, 1999; Kline,2005; Marsh, Balla, & McDonald, 1988) helped
us evaluate and compare the various models in this study. Single models were evaluated
using comparative fit index (CFl), root mean square error of approximation (RMSEA),
and standardized root mean square residual (SRMR). An RMSEA less than .05
corresponded to agood fit and with .08 considered an acceptable fit (McDonald & Ho,
2002). For completeness, we included the 90% confidence interval for RMSEA. The
SRMR values less than .08 were considered acceptable (Hu & Bentler, 1999). A value

of 0.90 served as the rule-of thumb lower limit of acceptable fit for al indices ranging

14



from zero to 1, with 1 indicating a perfect fit (Hoyle & Panter, 1995; Kline, 2005).
Change in chi-squared (A x 2) evaluated competing, nested models (Bentler & Bonett,
1980). Akaike information criterion (A1C) and sample size adjusted Bayesian
Information Criterion (aBIC) helped with comparisons of non-nested models (Kaplan,
2000; Loehlin, 2004), with smaller values indicating a better fit. Comparatively, aBIC
has a greater reward for parsimony than doesthe AIC. If inadequate fit was detected, fit
in the model was improved by including additional parameters identified by the
modification index (MI) provided by LISREL. Re-parameterization will be examined
carefully for meaningful ness.

For explanation, suggestions by Keith (2006) were used for quantifying the magnitude

of effects. For studies in the learing field, “/B’ s above .05 are considered small but
meaningful; those above .10 are considered moderate, and those above .25 are considered

large.” (Keith, 2006, p.62)
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Results

1. The measurement model

The measurement model was specified and tested before interpreting the relations between
latent factors based on structure-estimation. Table 1 contains the reliabilities of all 21 studied
factors (except variable gender), and factor loadings of each corresponding manifest
indicators. Altogether, if “gender” was included, a total of 80 manifest indicators constitute
the 22 studied latent factors. In this analysis, majority of the latent factors were identified by
4-5 manifest items (the range is 3 to 8 items). The only exceptions were latent factors
identified by single indicators (total score of corresponding test) such as VIQ, PIQ, spatia
ability, and math performance.

As shown in the table, the average reliability for grade 4, 7, and 10 were .76, .82, and .80

accordingly. The median reliability was .78, .81, and .78 accordingly. The factor loadings ( 5)

are standardized maximum likelihood coefficients. All factor loadings were significant! The
findings of moderate- to high- factor loadings of the indicators for most factors, suggested
that these selected items and tests were effective instruments in defining the latent variables.
Latent factors in the starting model were measured in a valid manner. The acceptable level of

measurement validity was achieved.
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Table 1. Reliability of latent constructs and corresponding factor loadings of manifest indications

Grade4 Grade7 Grade 10
L atent Construct Manifest indicators (item contents) a B a B a B
1. Parent educational level fathers’ educational level .80 71 79 8l 7 .94
e mothers educationdl level | _________________________ w105 - 87 - 68
2. Family support parents ask about school learning often 72 49 .82 51 80 40
parents discuss with me about life problems often 51 .56 .66
parents understand me 49 75 .80
parents try to understand my thoughts 54 75 72
e |cantrust myparents _____________________________ gL o Y - N T £ I
SNVebd 1IQ_____________ Scoreon Standardized OLSAT verbalsele /6 .8 .79 89 .71 .85
4 PeformancelQ_________ Score on Standardized OL SAT performancescale .80 .89 .86 .93 .81 _ .90
5. Spatial ability Score on Standardized Differential Aptitude Test: Spatial .87 .93 .89 .94 92 .96
subtest
6. feeling-oriented style | feel unhappy when seeing others feel unhappy 54 .36 .69 .50 71 .58
| feel being influenced when watching sad Movie senario .38 A48 .56
| feel sad too when my team members are encountering some  --- 41 .67 .69
bad news and feel said
Compared to my friends, | am a person who is more easily 54 .68 .70
touched
| used to play arole of taking friends complaints and 48 A7 43
______________________ encourage others e
7. Organized style | prefer my study desk neat and well-organized 57 41 .69 57 .62 A7
| prefer work first, and have fun later 44 .62 .63
When lots works are to be done, | will think ahead the  --- .56 .53 54
working sequence, and then proceed
| am a person who obey regul ations and rules 57 .55 49
e | do not dothingswhich isviolatingtherule T2 AN e 2T
8. Negative style | feel nervous often .61 .64 .69 .62 72 57
| feel worry often .65 .82 .78

17



| feel sad often
| am not satisfied with myself
| can not do things well often

Compared to my friends, | am more optimistic
Others like to be with me

| like to be with others
| feel happy when helping others
It isinteresting to have interaction with others

10. Perceived others’
math-gender stereotype

My parents think that male, but not female, should choose
science/engineering related maors

Teachers make me feel that math is more important for
male, and it does not matter for girls performing poorly on
math

Most of my friends feel that girls are good at literacy, and
math is not the strong subject for female

My parents feel that learning math well is useful for male,
and less useful for female

11.Self math-gender
stereotype

mal e can solve math question faster and more accurate

males are bone to have better math ability

male should choose magors which are math or
science/engineering related

It is hard for female to outperform male on math

12. Math Anxiety

| feel nervous(worried, scaled) when thinking about math
class

I will not able to comprehend the instruction from math
teacher because of nervous and worry

| feel nervous for no reason when facing a lot of number,
figures, and tables

when math teacher is asking questions, | feel nervous and
uncomfortable

13. perceived Math support parents care my math exam scores



parents value my math learning
parents will find ways to teach me math homework
(either themselves/ home tutor/ or afterschool class)

14. perceived Math support
from peers

| will discuss math questions with my friends

| discuss math questions with friends after class often
Friends and | will encourage each other to learn math well
| feel respected and supported by friends in math class

15.perceived teaching quality
of math teacher

math teacher will try to understand our thoughts

| feel we are valued and respected by math teacher

math teacher knows us

math teacher encourage us to express our opinions

in math class, teacher cares our comprehension

math teacher explain where we got wrong carefully after
exam

math teacher encourage us to getting better each time

| feel math teacher makes great efforts to teach us math

| am confident in my math learning ability
Math is the subject which | am good at
Learning math is easy for me

| feel my math ability is good

| will have better ability for Colleague, if | studied math well
| may able to get a higher-paid job, if | studied math well
learning math well, isimportantly related to my future life

| canbeinthejob | prefer, if | studied math well

18. Math interest

| want to learn math well because it is interesting
| want to learn math well because | like to solve math
problems

| like math

| feel learning math is enjoyable

19



e | aminterested inlearningmath ______________________ T3 o8 oo 88
19. Math efforts | study the math afterschool often .69 31 74 44 70 .52
If my math score was not good, | work harder for it .68 .76 .64
| try hard to do math homework .70 12 .67
for math formula which are harder, | will try harder to  --- .62 .62 .52
______________________ memorizethem ______ e
_20. Math performance _____ _ test score of themath achievementtest 83 94 8 9 .72 8
21. Math career intention | hope to choose more math-related courses, if possible .80 72 .86 12 .88 .79
| hope to encounter math again after graduation .67 .86 .83
I hope to study math-related majors .62 .83 .82
| hope | can be in a math-related job in the future .76 71 71
Reliability mean (Fisher r to z) .76 .82 .80
median .78 81 .78
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2. The structural model
(2.1) Elementary sample (Grade 4)
All examinations based on the elementary sample (grade 4) are shown in Table 2a In
the calibration phase, goodness-of-fit indexes reported for the initial starting model (model 1)
were within the acceptable range (CFI=.94, RMSEA=.051, SRMR=.074), showing the
literature-driven, hypothesized starting model (which was shown in figure 1) fit data well. In
the following modification process, reasonable parameters which need to be modified were
checked one at a time, a total of thirty-six originally unspecified parameters were found to
yield statistically significant improvement in model fit. The goodness-of-fit indexes reported
for this modified model (model 1b) were improved (CFI=.96, RM SEA=.043, SRMR=.067).
Validation anal yses tested this modified structure with a different data set (model 2).
Results showed that the modified structure had an acceptable fit to the 2™ set of data
(CFI1=.93, RMSEA=.043, SRMR=.080). We thus test this validated structure by the entire
elementary sample (N=818) in model 3, the results showed a good fit (CFI=.96,
RMSEA=.041, SRMR=.064).
Because the validated-model is complicated with 22 latent factors and many paths,
for clarification purpose, we decided to only keep the paths which shown at least a small

effect (5 =.05). A total of 29 small or non-significant paths were removed, which released more

degree of freedom, improved the parsimony, and yield a better fitting model (model 4) (CFI=.96,

RMSEA=.040, SRMR=.064). This model was served as the main base for 4" graders, and the
figure of this model was shown in figure 2a.

We further tested this model separately for each gender (the variable gender was
removed from the model). Generdly, the final model fit both gender well. With only a few
modifications, the final modified model for boys’ group (model 5, N=429) showed a good fit

(CFI=.94, RMSEA=.046, SRMR=.074). Similarly, the fina model for girls’ group (model 6,

21



N=389) aso showed a good fit (CFI=.95, RMSEA=.040, SRMR=.069). Results seemed to
reveal that the general leaning model for each gender is similar. However, it would be
interesting to explore whether these variables have the same effect on learning for different

genders. These questions will be discussed in the following sessions.

(2.2) Junior high school sample (Grade 7)

All examinations based on the junior high school sample (grade 7) are shown in Table
2b. In the calibration phase, goodness-of-fit indexes reported for the initial starting model
(model 1) were within the acceptable range (CFI=.94, RMSEA=.048, SRMR=.070), showing
that the literature-driven starting model (which was shown in figure 1) fit data well. In the
following modification process, reasonable parameters which need to be modified were
checked one at a time, a total of 26 originaly unspecified parameters were found to yield
statistically significant improvement in model fit. The goodness-of-fit indexes reported for
this modified model (model 1b) were improved (CFI=.96, RMSEA=.041, SRMR=.060).

Validation anal yses tested this modified structure with a different data set (model 2).
Results showed that the modified structure had an acceptable fit to the 2™ set of data
(CFI1=.95, RMSEA=.042, SRMR=.070). We thus test this validated structure by the entire
grade 7 sample (N=1,102) in model 3, the results showed a good fit (CFI=.96, RM SEA=.039,
SRMR=.057).

Because the validated-model is complicated with 22 latent factors and many paths,
for clarification purpose, we decided to only keep the paths which shown at least a small

effect (3=.05). A total of 33 small or non-significant paths were removed, which released

more degree of freedom, improved the parsimony, and yield a better fitting model (model 4)
(CFI=.96, RMSEA=.039, SRMR=.058). This model was served as the main results for 7"

graders, and the figure for this model was shown in figure 2b.
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We further tested this model separately for each gender (the variable gender was
removed from the model). The fina model fit both gender well. With afew modifications, the
fina model for boys’ group (model 5, N=568) showed a good fit (CFI=.96, RMSEA=.042,
SRMR=.067). Similarly, the fina model for girls’ group (model 6, N=534) also showed a
good fit (CFI=.96, RMSEA=.038, SRMR=.063). For this group, more modifications
(identifying extra significant paths) seemed necessary for boys’ group than for girls’ group.
Thus results seemed to revea that the general background leaning model for each gender is
similar. However, for students at this age, gender differences seemed become more salient
somewhat. In the following sections, we will explore whether these variables have the same

effect on learning for different genders.

(2.3) Senior high school sample (Grade 10)
All examinations based on the senior high school sample (grade 10) are shown in

Table 2c In the calibration phase, goodness-of-fit indexes reported for the initial starting
model (model 1) were within the acceptable range (CFI=.93, RMSEA=.050, SRMR=.072),
showing the hypothesized starting model (which was shown in figure 1) fit data well. In the
following modification process, reasonable parameters which need to be modified were
checked one at a time, a total of 40 originaly unspecified parameters were found to yield
statistically significant improvement in model fit. The goodness-of-fit indexes reported for
this modified model (model 1b) were improved (CFI=.95, RMSEA=.040, SRMR=.055).

Validation anal yses tested this modified structure with a different data set (model 2).
Results showed that the modified structure had an acceptable fit to the 2™ set of data
(CF1=.94, RMSEA=.040, SRMR=.066). We thus test this validated structure by the entire
grade 10 sample (N=1,237) in model 3, the results showed a good fit (CFI=.96,

RMSEA=.039, SRMR=.053).
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Because the validated-model is complicated with 22 latent factors and many paths,
for clarification purpose, we decided to only keep the paths which shown at least a small

effect (3=.05). A total of 27 small and non-significant paths were removed, which released

more degree of freedom, improved the parsimony, and yield asimilar good fitting model
(model 4) (CFI=.96, RMSEA=.039, SRMR=.053). This model was served as the main results
for 10" graders, and was shown in figure 2c.

We further tested this model separately for each gender (the variable gender was
removed from the model). The final model fit both gender well. With only a few
modifications, the fina model for boys’ group (model 5, N=717) showed a good fit
(CFI=.95, RMSEA=.041, SRMR=.057). Similarly, the final model for girls’ group (model 6,
N=520) aso showed a good fit (CFI=.95, RMSEA=.037, SRMR=.059). Results supported
that the genera leaning model for each gender at this age level is similar. We explore the

effect of them on learning for different gendersin the next sessions.

In this research, our models not only explain data well. Because each factor is carefully
selected and pilot tested, we were able to explain large portion of the variances of important
dependent variables. For example, our models explain roughly over 90% of the math
performance variance for 4™ and 7" graders; while it was about 43-61% for the 10" graders
(noticing that our 10" graders are a group of higher ability students). Besides, current models
explain over 90% of the math career intention variance for 4" graders (it was due to the high
correlation between math interest and math career intention), 81-84% of the total career
intention variance for the 7™ graders, and 88-92% of the total career-intention variance for the

10" graders.
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Table 2a. Hypotheses testing for the Elementary sample (Grade 4):

model Xz df X 2ldf CFl RMSEA RMSEA SRMR AIC aBIC
90% ClI
1. Cdlibration sample (N=545)- starting 7275.02 2984 244 .94 .051 .050-.053 .074 7787.02
1b. Calibration sample (N=545)-modified 5879.07 2948 1.99 .96 .043 .041-.044 .067 6463.07
2. Validation sample (N=273) 444484 2948 151 .93 .043 .041-.046 .080 5028.84
3. All sample (N=818) 6944.33 2948 2.36 .96 .041 .039-.042 .064 7528.33
4. All sample (N=818): 695259 2977 234 .96 .040 .039-.042 .064 7478.59
Keep pathswith B =.05 only
5. Boy sample (N=429) 5565.88 2906 1.92 .94 .046 .044-.048 .075 6073.88
Free PIQ->Anxiety 5555.27 2905 191 .94 .046 .044-.048 .075 6065.27
Free VIQ->Anxiety 5532.87 2904 191 .94 .046 .044-.048 074 6044.87
Free VIQ-> Others’ stereotype 5498.30 2903 1.89 .94 .046 .044-.048 074 6012.30
Free Spatial ability> Anxiety 5480.12 2902 1.89 .94 .046 .044-.047 074 5996.12

6. Girl sample (N=389) 4725.16 2906 1.63 .95 .040 .038-.042 .069 5233.16
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Figure 2a. Final model ( 8 =.05) for entire Elementary 4" grade sample (N=818):
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Table 2b. Hypotheses testing for the Junior high school sample (Grade 7):

model % 2 df ledf CFl RMSEA RMSEA SRMR AlIC aBIC
90% Cl
1. Cdlibration sample (N=740)- starting 8002.83 2984 2.68 .94 .048 .046-.049 .070 8514.83
1b. Calibration sample (N=740)-modified 6596.97 2958 2.23 .96 .041 .039-.042 .060 7160.97
2. Validation sample (N=362) 4829.36 2958 1.63 .95 .042 .040-.044 .070 5393.36
3. All sample (N=1102) 7919.58 2958 2.68 .96 .039 .038-.040 .057 8483.58
4. All sample (N=1102): 794095 2991 2.65 .96 .039 .038-.040 .058 8438.95
Keep pathswith B =.05 only
5. Boy sample (N=568) 5923.46 2920 2.03 .95 .043 .041-.044 .068 6403.46
Free Peer> Interest 5888.62 2919 2.02 .95 .042 .041-.044 .068 6370.62
Free Stereotype—> Self Efficacy 5858.57 2918 2.01 .96 .042 .041-.044 .067 6342.57
Free teacher quality=> parents math support 5846.68 2917 2.00 .96 .042 .041-.044 .067 6332.68
Free human-style-> outcome expectancy 582295 2916 2.00 .96 .042 .040-.043 .067 6310.95
Free Self-efficacy—> outcome expectancy 5811.45 2915 1.99 .96 .042 .040-.043 .067 6301.45
_ Freefeding-style> peer mathsupport 579352 2914 199 9% . 042  .040-043 067 ¢ 628552
6. Girl sample (N=534) 521580 2920 1.79 .96 038 037-.040 .064 5695.80
Free Negative style - Outcome Expectancy 5194.17 2919 1.78 .96 038 037-.040 .064 5676.17
Free Spatial ability > Anxiety 5180.99 2918 1.78 .96 038 036-.040 .063 5664.99
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Table 2c. Hypotheses testing for the Senior high school sample (Grade 10):

model XZ df X 2/df CFI RMSEA RMSEA SRMR AlC aBIC
90% ClI

1. Calibration sample (N=825)- starting 9188.09 2984 3.08 .93 .050 .049-.051 .072 9700.09
1b. Calibration sample (N=825)-modified 6753.81 2944 2.29 .95 .040 .038-.041 .055 7345.81
2. Validation sample (N=412) 4923.00 2944 1.67 .94 .040 .038-.042 .066 5515.00
3. All sample (N=1237) 841028 2944 2.86 .96 .039 .038-.040 .052 9002.28
4. All sample (N=1237): 8434.76 2973 284 .96 .039 .038-.040 .053 8968.76

Keep pathswith B =.05 only

__5Boysample(N=717) 637874 2906 220 95 041 039-042 057 688674

6. Girl sample (N=520) 4991.89 2906 1.72 .95 .037 .035-.039 .063 5499.89

Free teacher quality> self stereotype 4969.52 2905 171 .95 .037 .035-.039 .061 5479.52

Free peer support-> Perceived others’ 4963.15 2904 171 .95 .037 .035-.039 .059 5475.15

stereotype
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Figure 2c. Final model ( 8 =.05) for entire Senior high school 10" grade sample (N=1,237):
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3. Effect of ‘gender’ on students’ mathematics learning
Based on the previoudly identified models (models shown in figure 2a, 2b, and 2c), the
effect of gender on other variables were further investigated. The direct and total effect of

gender on other variables were reported in Table 3.

(3.1) Effect of ‘gender’ on ‘mathematic performance’ and ‘math career intention’
‘Math performance’ and ‘math career intention” were the main interests of this research.
They have been treated as the core dependent variables, and the main goal of this study
was to find a comprehensive model which best explains their variations. Thus, investigate
how gender affects these two important dependent variables are fundamental in this
research.

As data shown in table 3, for children in al three age levels, gender does not have a direct
effect on either math performance or math career intention. This is an important finding,
because it means that all the observed gender differences on these two dependent
variables were all mediated by other intervening factors. This finding also supported the
need to dig into a complex model, like what we have done here, in order to find the
ultimate answer for the gender-math paradox.

The total effect of gender on math performanceis .06, .13, and .15 for grade 4, 7, and 10,
accordingly. The total effect of gender on math career intention is .02, .14, and .22 for
grade 4, 7, and 10, accordingly. The effect of gender seems getting larger as age grows
older (noticed also that our 10" grade sample is from senior high school, which is also a
group with higher abilities). For junior and senior high school adolescents, gender

generally shows a moderate effect on their math performance and career intention. The

influence of gender on career intention seems a dlightly larger than its influence on math

performance. On the average. Boys show higher scores on math exam from their
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Table3. Direct and total effect’ (in parenthesis) of gender on all studied variables™?*:

Elementary Junior Senior?
DV (N=818) (N=1,102) (N=1,237)

4" grader 7" grader 11" grader
1. Verbal 1Q —--(--) == (=) - ()
2. Performane 1Q --=(---) 12 (.12) .08 (.08)
3. Spatial ability .08(.08) .07 (.07) .08 (.08)
4. Feeling style -42 (-.42) -39 (-.39) -29 (-.29)
5.0rganized style -.31(-.31) -19(-.19) -15(-.15)
6. Negative style -14(-.14) -21(-.21) -.16 (-.16)
7. Human style -21(-.21) -13(-.13) -.10 (-.10)
8. Others’ stereotype .27 (.23) --- (.04) .35(.35)
9. Self stereotype --- (.15) --- (.01) -.14 (.06)
10. Anxiety -.20 (-.10) - (-.16) - (-.08)
11. Parents’ support - (-.07) .05 (.01) .06 (.02)
12. Peers’ support .28 (-.13) - (-12) .07 (-.04)
13. Qualityof Instruction ---(-.13) --- (-.05) .05 (-.05)
14. Self efficacy - (.13) 19 (.24) .25(.30)
15. Outcome expectancy - (-.01) --- (-.05) --- (.0
16. Interest - (.06) - (.18) - (.20)
17. Efforts --- (-.08) --- (-.10) - (-.12)
18. Math performance --- (.06) - (.13) - (.15)
19. Career intention ---(.02) ---(.14) - (.22)

Note 1. Gender code: girl=0, boy=1
Note 2. unstandardized and standardized values are the same

Note 3. senior group is a higher ability group with a smaller variation
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elemantary years, and they started to show higher math-related career intention in their

adolescent time. The observed gender differences are getting larger as age grows up.

(3.2) Effect of ‘gender’ on other variables

For the elementary 4™ graders, magjor findings according to table 3 were: (1) large

effect: gender shows the largest total effect on personal styles. Boys are less feeling-oriented
(-.42), and have atendency to be less organized (-.31), or in the other words, more flexible; (2)
moderate effect: gender shows moderate total effects(.10-.24) on several other variables, such
as negative style, human-oriented style, perceived others stereotype, self stereotype, math
anxiety, perceived environmental support from peers, perceived math teachers’ quality, and
math self efficacy; (3) small effect: gender has small effect(.05-.09) on perceived parents’
support, spatia ability, math interest, and math efforts; (4) no effect: while taking all
variables into consideration in the same frame, gender shows no significant effect on VIQ,
PIQ, and math outcome expectancy.

Altogether, for children who are at 9 years old, the general gender similarity and gender
differences are as this: Compared to girls, 9-year-old boys show similar VIQ and PIQ average,
while dlightly higher spatial ability. However, they have a very different persona style: they
are less feeling- and human-oriented, less organized, and less negative-oriented. With these
basic background differences, boys a this age report to perceive stronger gender-math
stereotype from others; Boys themselves aso believe that male generally perform better in
the math-related field. Ironically, even boys feel somewhat less math-support from
environment (teachers, peers, and parents), and make less effort in studying mathematics,
they still show less math anxiety, higher math-self efficacy, and higher math interest. Notice
also that boys at this age do show dlightly higher math performance, while they have not

stronger math-related career intention at this stage.
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For the junior high school 7™ graders, major findings according to table 3 were: (1) large

effect: gender shows the largest total effect on personal styles. Boys are less fedling-oriented
(--39); (2) moderate effect: gender shows moderate total effects(.10-.24) on severa other
variables, such as PIQ, organized style, negative style, human-oriented style, math anxiety,
perceived environmental support from peers, math self-efficacy, math interest, and math
effort; (3) small effect: gender has small effect(.05-.09) on spatia ability, perceived teacher
quality, and outcome expectancy; (4) no effect: while taking al variables into consideration at
the same time, gender shows no significant effect on VIQ, perceived others stereotype, self
stereotype, and perceived parents’ support.

Altogether, for adolescents who are at 12 years old, the general gender similarity and gender
differences are as this:. Compared to girls, 12-year-old boys show similar VIQ average, but
have higher spatial and PIQ abilities. It means that boys may better handle nonverbal
information in learning. Meanwhile, Boys continue to revea a very different personal style:
they remained to be less feeling- and human-oriented, less organized, and less
negative-oriented. With these basic differences, it isinterest to find that gender differences on
perceived/ and self math-gender stereotype diminished somewhat at this stage (We later
checked data and found it was due to the magnitude of girls’ perception of stereotype
increased at this stage). While gender show similar feeling about support from parents, boys
continue to feel less math support from peers and teachers, and to make less effort in
mathematics. However, they continue to show less math anxiety, higher math-self efficacy,
and higher math interest (these tendency is even stronger compared to the 4™ graders). Notice
also that adolescent boys at this age do show higher math performance, and their intention to

pursue math-related career is also getting stronger significantly.

For the senior high school 10™ graders (also a higher ability group overall), major
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findings according to table 3 were: (1) large effect: gender shows the largest total effect on
perceived others’ stereotype. Boys feel others showing more math-gender stereotype (.35).
Meanwhile, boys’ math-self-efficacy is getting stronger(.30), while they maintained to be less
feeling-oriented (-.29); (2) moderate effect: gender shows moderate total effects(.10-.24) on
several other variables, such as organized style, negative style, human-oriented style, math
interest, and math effort; (3) small effect: gender has small effect(.05-.09) on PIQ, spatid
ability, self math-gender stereotype, math anxiety, and perceived teachers’ quality; (4) no
effect: while taking al variables into consideration at the same time, gender shows no
significant effect on VIQ, perceived support from parents and peers, and math outcome
expectancy.

Altogether, for adolescents who are at 15 years old, the general gender similarity and gender
differences are as this:. Compared to girls, 15-year-old boys show similar VIQ average, but
have higher spatial and PIQ ability. Meanwhile, they continued to revea a very different
personal style: they remained to be less feeling- and human-oriented, less organized, and less
negative-oriented. With these basic differences, boys themselves believe that male is better at
math, and they perceived strongly from others about this stereotype. Boys continue to feel
less math support from teachers and make less effort in math. Even though, they continue to
show less math anxiety, salient stronger math-self efficacy, and higher math interest. Notice
also that adolescent boys at this age show even better math performance and stronger

math-related career intention.

From a developmental perspective, some interesting trends of gender-similarity and

gender differences are noticed: (1) For all three age levels, both genders are similar at the
average VIQ and math outcome expectancy. It means that both genders can handle verbal
information with similar proficiency, and both groups value the mathematics the same; (2)

Boys constantly perform better on spatial ability with the same level of magnitude from age 9

35



to 15, and they start to show higher non-verbal ability (PIQ) in adolescent years; (3) Gender
difference on personal styleis salient and stable across age bands. However, the magnitude of
gender gap on many of these characteristics (such as feeling-oriented, organized-style, and
human-oriented style) are getting smaller as age grows older. The one exception was the style
of ‘negative-oriented’, girls show constant higher level of negative style, and the gender gap
reaches the largest at age 12 ; (4) Boys at all three age levels feel less support from peers and
teachers; while both genders feel similar level of parents support since age 12; (5) Boys
across al ages show lower math anxiety, higher math interest, and higher math-efficacy. As
age grows up, gender difference on math interest and self-efficacy is getting larger; (6) Boys
across all ages make less effort on math study. As age grows up, gender gap on paid effortsis
also getting larger;

Besides, an especially interesting observed trend was this, gender difference on math
anxiety and negative style reach the largest level at 7" grade, this is also the time where
gender gap on gender-math stereotype reach the lowest level! I1sn’t it surprising?

We made a detailed checking of the data, and the means for each gender were presented
in Figure 3. Generally, results show the followings. As age grows older, negative-style for
both genders are getting stronger. 7" grade girls show a sdient jump on negative style,
yielding the biggest gender gap at this level. Data aso reveaed that, boys do not show big
variation on math anxiety across different age levels, however, 7" grade girl show a saient
jump on math anxiety, yielding the biggest gender gap at this level. Besides, boys tend to
perceive more stereotype from others in general. As age grows older, both gender perceive
more and more math-gender stereotype from others. However, from grade 4 to grade 7, boys’
perception do not change much, but girls’ perception jump up a lot. That is the reason for
finding the smallest gender gap on perceived stereotype at this age. In Erikson’s theory,

self-identity is the main crisis for adolescents at this age (age 12). Physiologicaly, it is the
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time gender hormone functions the most. Girls at this age show a jump on level of
negative-style, they also explicitly perceive more gender-math stereotype from others at this
time point. At the same time, boys’ advantage on spatial and nonverbal abilities also become
more salient. Summing together, grade 7 is an important stage, it is the time girls show a
jump on math anxiety, and on their perception of others gender-math stereotype.

While datain Table 3 reveadled a direct effect of gender on math self-efficacy as .00, .19,
and .25 for grade 4, 7, and 10( the total effect is .13, .24, and .30 correspondingly), thisrising
trend made us wondering that the variable “gender” itself may be qualitatively different
somewhat along the developmental trend. Math self-efficacy may have been embedded into
the deep inside of “self”, at some time point between age 9 to 12. If, this truly is the critical
time for this gender-math self efficacy bond to form, it aso should be treated as the critical

time for effective educational intervention, if possible.
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4. Effect of all studied variableson ‘math perfomance’ and ‘math career intention’:

Based on models generated for each gender across the three age levels, Table 4 presented the
direct and total effects of all studied variables on the two maor dependent variables, math
performance and math career intention, for each gender across the three age levels. Severd

important findings are listed below.

(4.1) Important and stable predictive factors for math performance and math career
intention

As expected, the factors which show the largest total effect on ‘Math career intention’ and
‘Math performance’ are distinctly different!

For Math career intention, the factors which show moderate-large effect for both genders
across al three age levels are: math interest, math self-efficacy, math anxiety, peer support,
math outcome expectancy, and organized-oriented style. While for both genders, the top
predictive factors for math performance at all ages are ability factors (PIQ, VIQ, and spatial
ability). Table 5 presented top predictive variables for each gender in each age level. It is
clearly shown that cognitive abilities are the core factor for academic math performance;
while the other conative factors (such as interest, perceived support from peers, perceived
self-efficacy, persona style, anxiety, and outcome expectancy) are the fundamental dominant
sources for students’ decision on pursuing a math-related career.

Most importantly, personal style factors (such as feeling-oriented style, organized style,
negative style, and human-oriented style) show small to large effect on career intention, but
their effects on math performance are trivial. On the contrary, cognitive ability factors (such
as VIQ, PIQ, and spatia ability) show strong effects on math performance (total effects
across all samples are between .21 to .74), but their effects on math career intention is

significantly lower (total effects for 4" grades are between .02 to .15; for 7" graders are
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between .00 to .08; for 10" graders are between .03 to .26). Results clearly revealed that
performance and career intention are quite different constructs, they need to be investigated

separately.

(4.2) Sable gender differences found across all three age levels:

Based on table 4, results revealed some stable gender differences. First of al,_stereotype
was found to show a stronger impact for girls, especially on math career intention. For girls,
perceived gender-math stereotype from others has moderate effect on math career intention,
while self gender-math stereotype has moderate to large effects on this same variable. For
boys, most of these effects are smaller. Consequently, with the same magnitude of perceived
gender-math stereotype, girls’ intention for math career drop down more rapidly than boys
do.

Second, math self-efficacy shows large effect on math career intention for both genders,
However, the impact for girls is relatively larger. It means that with one standard deviation
increase in math self-efficacy, we predict the math-career intention for girls could be

improved more.

(4.3) Observed variations acrossthree age levels:
Based on table 4, as age grows up, some variations across age band deserve attention:

First of al, the importance of family involvement/ support on math career intention

decreases at senior high school. The total effects are .44, .33, and .01 for girls; while they
were .44, .31, and .09 for boys (noticing that this could due to the higher ability of our grade
10 sample).

Second, math interest is found to show large effect on career intention for both genders
across all age levels. However, the relative importance of this variable decreases dlightly as

age grows up. The total effects are 1.45, .83, and .73 for girls; while they were 1.28, 1.08,
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and .90 for boys.

Third, the influence of math anxiety on math career intention is getting larger too. The
total effect for girls groups are -.29, -.36, and -.41; for boys, they are -.14, -.35, and -.43.

While anxiety blocks the intention, the impact reaches the largest at grade 10.

Fourth, compared to the other two younger samples, the importance of nonverbal
abilities(such as PIQ and spatial ability) on career intention become much larger for 10"
graders. Simarly, the importance of self-efficacy, math interest, and math efforts on math
performance all become much larger for 10" graders. Again, it could be that we are using a

higher ability senior-high school samplein thisresearch. It deserves further examination.

Finally, according to Table 4, it is clearly shown that math self efficacy tends to affect
math performance in different patterns for students at different ages. For 4™ graders, the
higher the self-efficacy, the lower the math performance; for 7" graders, these two constructs
do not relate; for 10" graders, the higher the self-efficacy, the higher the math performance.
Similarly, math interest also tends to affect math performance in different patterns for
students with different ages. For 4" graders, the higher the math interest, the lower the math
performance; for 7" graders, these two constructs do not relate; for 10" graders, the higher
the math interest, the higher the math performance. What could the underlying mechanism for
this trend? Is it possible the perception of self ability for 4™ graders was influenced by some
factors other than their previous math performance? Is it possible that for 4™ graders, ability
and interest constructs are somewhat more distinctive to each other, and less embroiled in

their mind? It deserves more works for exploration.
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able4. Direct and total effect’ (in parenthesis) of all variables on Math Performance and Math career intention:

DV=Math Career Intention

group DV= M ath Perfor mance
vV Grade 4 Grade7 Grade 10 Grade 4 Grade7 Grade 10°
boy girl boy girl boy girl boy girl boy girl boy girl

1. PED -.11 (.08) -.13 (.05) (32 —(20) -09(.04) | -10(-04) - (.02) —(.04) — (.02 — (.04) — (.01 — (.00)

2. Family support 08 (.04) 03 (.11) -(.02) (.09) 15 (.02) .08 (.02) - (.44) - (.44) - (.31 - (.33) (.09) - (.01)
“LVebd IQ | 56(55) | 60(60) | .60(60) | .70(70) | .35(34) | 2L(2) | —(15 | —-(02 | -—-(00) | -—(00) | — (10) | — (03)

2. Performane 1Q 71(:69) 70 (.68) 69 (.69) 74 (74) 36 (.37) 25 (.29) (15) -(09) (.06) - (.06) (.16) (17)

3. Spatial ability 40 (.40) .53 (.51) 44 (.44) 47 (.48) 51(.52) 37 (.44) (.06) - (.09) (.08) - (.07) (.26) (.20)
4. Fedingstyle | (04 | (08 | —(01) | —(0) | =04 | —(02 | —(@ | —(3® | 09(-04) | -08(-14) | -06(10) | -09(05)

5.0rganized style (-.02) (-.05) (.01) (.00) (.06) (.11) -.09 (.27) -.09 (.36) .17 (.38) .03(.22) -.04 (.09) -.02 (.18)

6. Negative style (-.03) (-.09) (-.02) (-.03) (-.02) (-.07) .08 (-.02) .04 (-.13) --- (-.07) ---(-.10) ---(-.19) - (-.19)

7. Human style (.00) (-.05) (.00) (.01) (-.05) (-.04) ~02(-02) | -15(-15) (11) (.01) (.05) (04)
“8. Others’ stereotype | —(-01) | —(06 | —(01) | —(01) | —(02 | —¢05 | — con | = (TS N — 03 | — 1y | — (08 | =12

9. Self stereotype (-.01) (-.09) (-.01) (-.03) (.03) .11 10(-.13) 12 (-.26) -.02) -.12) (.06) (-.24)
"10.Anxiety | -09(-05) | -25(-18) | -03(-03) | -05(-05 | -—(-19) | -— -1 | — [ - 29 | (-35) | —(-36) | —(-43) | (41
"1l Parents support | - (00) [ =(00) | (00 | -=(00) | —~(on) | (o) | -0y | - (03) | 0202 | .05(05) | - (06) | 1 (on

12. Peers’ support (-.05) (-.05) - (04) (.:00) 37 (-.07) 21 (-.03) (:69) (:60) —(:49) — (51) (64) (42)

13. Qualityof Instruction (.02) (.01) (.00) (.00) (-.02) (.01) (-.01) (-.08) -(.08) (.16) (-.02) (.03)
14. Sdf efficacy | -09(-12) | -08(-14) | —-(00) | ——(-00) | 17(28) | 21(3L) | -44(45) | -55(56) | -. 32(48) | -02(62) | .02(63) | .16(.70)

15. Outcome expectancy - (.00) —-(-01) (.00) (.:00) —-(.08) —-(.04) 07 (.17) 15 (.34) 06 (.13) 16 (.23) 12 (31 18 (.26)

16. Interest -05(-05) | -.07(-07) (.00) (.00) 20 (.25) 11 (.11) 1.28(1.28) | 1.42(1.45) | 1.08(1.08) 83(.83) .89 (.90) 73(73)

17. Efforts .02 (.02) -.01(-.01) (.00) (.00) 17 (.17) 21(.21) .09 (.09) 13(.13) - (.00) - (.00) 02(.02) .09 (.09)

otel. unstandardized and standardized values arethe same  Note 2. Grade 10 is a group with higher ability
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Table5. Top predictivevariables (total effect) for math performance and math career intention:

Math Performance

Math Career intention

Grade 4 Grade7 Grade 10" Grade 4 Grade 7 Grade 10"
Rank boy girl boy girl boy girl boy girl boy girl boy girl
1 PIQ (.69) PIQ (.68) PIQ(.69) PIQ(.74)  Spatidl Spatial Interest Interest Interest Interest Interest Interest
ability ability (1.28) (1.45) (1.08) (.83) (.90) (.73)
(.52 (.44)
2 VIQ (.55) VIQ (.60) VIQ(.60) VIQ(.70) PIQ Self-efficac  Peer support  Peer support  Peer support  Self-efficacy Peer support  Self-efficacy
(.37) y (.31) (.69) (.60) (.49) (.62) (.64) (.70)
3 Spatial Spatial Spatial Spatial VIQ PIQ (.29) Self-efficacy  Self-efficacy Self-efficacy Peer support  Self-efficacy Peer
ability Ability ability ability (.34) (.45) (.56) (.48) (.512) (.63) support(.42)
(.40) (.51) (.44) (.48)
Anxiety
(-.38)
4 Self-efficacy Anxiety Parents’ Parents’ Sef-effi  VIQ(.21) Family Family Organized-  Anxiety Anxiety Anxiety
(-.12) (-.18) education  education  cacy support support Style (.38) (-.36) (-.43) (-.41)
(.32 (.20) (.28) (.44) (.44)
5 Parents’ Self-efficacy Family Interest  Efforts Feeling-style  Organized- Anxiety Family Outcome Outcome
education (--14) support (.25) (.21 (.42) Style (.36) (--35) support expectancy  expectancy
(.08) (.09) (.33) (.31) (.26)
Others Organized-  Outcome Family Outcome Spatia
variables Style (.27) expectancy  support expectancy  ability
which (:34) (:31) (.23) (.26)
show Feeling-style Organized-
large (:33) Style (.22)
effects Anxiety
(-.29)
Self-
stereotype
(-.26)

ote 1. Grade 10 is a group with higher ability
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5. Peeking into theinside of the complex models: linking pathswith large direct effects.
Beyond the results presented in the previous sessions, a remained interesting question
might be “what are the main linking paths in the model?” or “Is there any gender difference
on the major linking paths?” To better answer these questions, we presented figures of the
simplified models, one for each age level, with only large direct effects were shown (= .25).
Figure 4a, 4b, and 4c presented these information for grade 4, 7, and 10, correspondly.

According to information from these 3 figures, main findings are as followings:

(5.1) strong impact pathswhich are stable for_both genders across all 3 age levels:

First of al, as described earlier, ability factors (especialy nonverbal abilities such as PIQ
and spatial ability) have large direct effect on math performance for both genders across all
age levels. Second, The more support form the family (parents care more about students
overal learning), the more organized-style the child is. Third, a very salient and stable chain

of linking paths for all groupsis T negative-styled=»math anxiety=>» math self-efficacy=» math
interest=»math career intention ; . Individua different attributes like persona style

(negative-oriented) does show strong impact on math learning, for students with various age
levels, also with different genders. Fundamental individual differences should not be ignored
in any plan/form of education intervention. Fourth, Perceived stereotype from others affects

the student’s self math-gender related stereotype.

(5.2) Srong pathswhich arefor_all boys only
First of al, VIQ has a large and direct effect on math performance for boys at al ages.

Second, family support has a direct, large, and stable effect on boys’ persona styles. The

more general learning involvement and support from the family, the more feeling- and

human-oriented the boy is. Third, the more feeling-oriented the boy is, the more support he
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feels from the peers. Fourth, the more peer support boys feel, the better teacher quality they

perceived, the higher self-efficacy they have, and the more efforts they make for math study.

(5.3) Srong pathswhich arefor_all girls only

First of al, the more organized-style the girls are, the more support they feel from peers.

Second, the higher the gender-math stereotype the girls themselves have, the higher the level

of their math anxiety.

(5.4) Other findings based on overall model:
First, when checking the overall total effectsin the whole model, the organized style showed
salient association with many other math-related factors (such as math efforts, math interest,
outcome expectancy, self efficacy, and perceived peer support). This might be one personal style

which education can expect to make a change gradually.

Second, if considering the total effects atogether, avery salient chainis [ perceived others’

stereotype—> self stereotype - math anxiety > math self-efficacy - math interest > math career

intention ; . Generally, children with more negative and less human-oriented styles tend to feel

others showing much stronger math stereotype.

Third, when considered the total effects altogether, family background is again proved to be a
fundamental core for childrens’ lives. Its’ impact is everywhere. Students from a more supportive
home environment is found to show more organized and more humanistic style, they are lesslikely
to view others with math stereotype, they feel less math-anxiety, feel more support from
environment (parents, peers, and teachers),have higher self-efficacy and willing to pay more

efforts.
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Forth, compared to support from parents and teachers, perceived peer support isfound to bea
stronger factor for students’ overall math learning. This variable is related to many other factors
such as perceived teacher quality, self efficacy, outcome expectancy, math interest, math efforts,
and math career intention. Results suggested that how to well utilize the power of peer-cooperation

in students’ math learning is definitely adirection for math instructors to proceed.
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Discussion

Severa interest gender-similarity and gender-differences were revealed in our research.

The uniqueness of this study were (1) a comprehensive and important list of variables
were selected and jointly investigated, (2) data based on a comprehensive age levels
(grade 4, 7, and 10) provided valuable developmental trend for us to observe, and (3)
each sampleisfollowed for three years (results to be reported in later papers). This study
thus was considered able to make an important contribution for the field of gender-math

research .

In this research, our models explain data well. Moreover, we were able to explain large
portion of the variances of important dependent variables. For example, our models
explain roughly over 90% of the math performance variance for 4" and 7" graders;
while it was about 43-61% for the 10" graders (noticing that our 10" graders are a group
of higher ability students). Besides, current models explain over 90% of the math career
intention variance for 4™ graders (it was due to the high correlation between math
interest and math career intention), 81-84% of the total variance for the 7™ graders, and

88-92% of the total variance for the 10" graders.

The major findings of this research are:

(1) The fundamental learning model is generally the same for both genders from age 9 to
15. This can be proved by the results of goodness-to—fit index for the starting model
reported in the result section. Thus the questions to be answered mainly would be
“ whether these constructs had the same effect across genders? ” or “how different the

magnitude of influence of these constructs are for different gender? .
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(2) All effects of gender on math performance and math career intention are indirect, but
not direct! Furthermore, the top predictive factors for both constructs are quite

different!

This is an important finding because it shows that all the impact of gender on the two
important dependent variables were mediated by other intervening variables in
childrens’ lives. The total effect of gender on math performance is .06, .13, and .15 for
grade 4, 7, and 10, accordingly. The total effect of gender on math career intention

is.02, .14, and .22, accordingly. Effect of gender seems getting larger as age grows up.

Factors which show the largest total effect on ‘Math career intention’ and ‘Math
performance’ are distinctively different! For math career intention, the factors which
show moderate-large effect for both genders across all age levels are: math interest,
math self-efficacy, math anxiety, outcome expectancy, organized style, and peer support.
While the top predictive factors for math performance for al students are ability factors
such as PIQ, VIQ, and Spatia ability.

Personal style factors (such as fegling-oriented style, organized style, negative style, and
human-oriented style) show small to large effect on career intention, but their effect on
math performance is a lot smaller. On the contrary, ability factors (such as VIQ, PIQ,
and spatia ability) show significantly large effects on math performance (total effects
across al samples are between .21 to .74), but their effects on math career intention is
significantly lower (total effects for 4" grades are between .02 to .15; for 7" graders are
between .00 to .06; for 10" graders are between .03 to .26). Results clearly revealed that

performance and career intention are two different constructs, the estimated relationship
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between these two latent constructs were .15, .13, and .42 for grade 4, 7, and
10.accordingly. Thus math performance and math career intention need to be improved

and nurtured through different paths.

(3) The way boys and girls differ varies as age grows.

At grade 4 (age 9), boys show similar mean VIQ and PIQ to girls, while have slightly
higher spatial ability. However, gender differences on persona style are large and
significant: boys are less feeling- and human-oriented, less organized, and less
negative-oriented. With these basic differences, boys at this age perceive more
gender-math stereotype from others also themselves. They feel 1ess math support from
environment and make less effort in math, However, boys show less math anxiety,
higher math-self efficacy, and higher math interest. Notice also that boys at this age do
show dlightly higher math performance, while they have no stronger math-related career
intention.

At grade 7 (age 12), boys have higher spatial and PIQ ability. Meanwhile, patterns of
large gender differences on personal style remain unchanged (although the gap is
slightly smaller). Interestingly, although boys continue to feel less support from peers
and teachers, also make less effort in math, they continue to show less math anxiety,
higher math-self efficacy, and higher math interest. The gender gap on perceived
stereotype actually diminished a bit because of the stereotype feeling gilrs have is jump
up. Notice also that adolescent boys at this age do show higher math performance, and
their intention to pursue math-related career is aso getting stronger significantly.

At grade 10 (age 15), boys keep to show higher spatial ability and PIQ. Patterns of large
gender differences on personal style remain unchanged (while the gap is getting even

smaller). Boys continue to feel less math support from teachers and make less effort in
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math. However, boys at this age fedl stronger math-gender stereotype from others and
themselves. They continue to show less math anxiety, higher math-self efficacy, higher
math interest, higher math performance, and math-related career intention.

Gender difference on math anxiety and negative style reach the largest level at 7™ grade,
but it also is the time where gender gap on perceived stereotype reaches the lowest level.
The reasons came from 7" grade girls show a salient jump on negative style, math
anxiety, and perceive gender-math stereotype from others. It is assumed that from
somewhere between age 9 to 12, it is critical point for girls to form the math-anxiety
association. More intervention should be focus on the age band, for expecting getting
more effective results.

Another important issue to notice was that, a direct effect of gender on math
self-efficacy was found to be .00, .19, and .25 for grade 4, 7, and 10 correspondingly.
This rising trend made us wondering that the variable “gender” itself may be
qualitatively different along the developmental trend. Math self-efficacy may have been
embedded into the deep core of “self”, at some time point between age 9 to 12. If, this is
the critical time for this bond to form, it also should be treated as the critical time for

needed educationa intervention.

(4) Family support is important!
Family background is proved to be a fundamental source of students’ lives. Itsimpact is
everywhere. Students from a more general learning supportive home environment is
found to show more organized and more humanistic style, they are less likely to view
others with math stereotype, they feel less math-anxiety, they feel more support from
environment (parents, peers, and teachers), have higher self-efficacy and willing to pay

more efforts. Parents-education should be encouraged.
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(5) Personal styles are important!

When the total effects are considered, organized-style is significantly associated with
many more math-related factors (such as career intention, math efforts, math interest,
outcome expectancy, and self efficacy); besides, for both genders, the ones with more
negative and less human-oriented styles tend to feel others showing much stronger math
stereotype. .

Although these personal -style constructs are usually considered as background variables,
and are known not be changed easily. However, paying more attention in nurturing the
appropriate persona styles, or educating students explicitly about how to dea with

negative emotions, should be a continuous effort for all educators.

(6) Make students feel being supported by peersin their math class, isimportant!
Compared to math support from parents and teachers, perceived peer support is found
to be the more important environmental factor on students overall math learning.
Educators should try to design more peer-interacted program in math class, create
opportunities for students feel a supportive atmosphere from peers. This, in tern, will

have higher chance making his’her math learning better improved.

(7) As age grows older, the importance of family support on career intention decreases, the
importance of abilities (such as PIQ and spatial) and self-efficacy on career intention
increases. Math interest is found to show the largest effect on career intention for both
genders across all age levels. However, the relative importance of this variable
decreases slightly. Besides maintaining students’ interest, how to empower students

and help them feel redlly able is a continuous important action.
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(8) For adolescents in al three age levels, math stereotype, and math self-efficacy show
comparatively stronger impacts for girls. These constructs should be paid more
attention in intervention project which aims at improving girls’ performance and

intention in math /science related field

(9) The observed strong and stable direct paths for both genders were: (a) nonverbal
ability factors (PIQ and spatia ability) have large direct effect on math performance.
(b)The more parents care about students overall learning, the more organized-style the
child is. (c) The higher the math anxiety, the lower the math self-efficacy, the lower
the math interest, thus the lower the math career intention. Individual different
attributes like personal style does show strong impact on math learning. (d) the more

the perceived stereotype from others, the more self math-gender stereotype.

The Strong paths in boys’ group only are TVIQ-> math performance; , Tfamily
support—> Perceived stereotype ; , Tfeeling oriented->perceived peer support ; ,

I perceived peer support-> perceived teacher quality ; , T perceived peer support—>
self efficacy ; ,and T perceived peer support—> math efforts; . Obviously peer support

is especially an important factor for boys’ math learning overall.

The Strong paths in boys’ group only are T organized style-> perceived peer support j,
F perceived stereotype from others> self stereotype; , girls feeling tend to be

influenced by others more easily.

Overal, our research provides rich information about gender similarities and differences on

mathematics learning. Nonetheless, there is still inevitable limitations. Due to practical concern,
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the ability level for our three samples varied somewhat. As reported in the method section. The
mean V1Q of the 7" grade sample is more close to the popul ation mean, thus can be considered as
amore representative sample. The other two samples (grade 4 and grade 10) are higher ability
groups with roughly 0.5 SD higher on verbal intelligence. Readers should notice this characteristic

and apply current findings carefully.

As Halpern, Benbow, Geary, Gur, Hyde, and Gernsbacher (2007, p.41) wonderfully
concluded, “There is no single factor by itself that has been shown to determine sex
differences in science and math. Early experience, biological constraints, educational
policy, and cultural context each have effects, and these effects add and interact in
complex and sometimes unpredictable ways”. Our findings help revealing how complex
the connections between the math learning-related constructs are. Webb, Lubinski, &
Benbow (2002) suggested equal gender representation across all educational -vocational
domains may conflict with what might be happening naturally. Thus, “equal male-female
representation across disciplines may not be as simple to accomplish as many policy
discussions imply (Webb et al. 2002, p.785)”. We believe, the progress of science lies in
better knowing what can be done and what might not be easily changed. It would help if
researchers and policy makers could view the gender-math paradox with a scientific and

objective mind.

References (v%)
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Appendix 1. Percentages of each cognitive and content domains for self-developed math exams

Elementary Junior-high Senior-high

Cognitive domain G3-G6 G7-G9 G10-G12

Knowing 40% 35% 30%

Applying 40% 40% 40%

Reasoning 20% 25% 30%

Elementary Junior-high Senior-high

Content domain G3 G4 G5 G6 G7 G8 G9 G0 Gu1 G12
Number 36% 34% 34% 40% 46% 13% 0% 30% 0% 0%
M easurement 29% 19% 20% 12% 5% 0% 0%

Geometry 21% 28% 23% 24% 0% 59% 39% 40% 60% 25%
Algebra 7% 13% 14% 20% 49% 28% 25% 30% 10% 48%
Data and Chance 7% 6% 9% 4% 0% 0% 36% 0% 30% 27%
overall 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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AR
I nterventions for studentswith special needsin Taiwan: A quantitative synthesis
of single-subject researches
Chen, H., Hung, L., Huang, Y., Chen, H., Cheng, S., & Wong, S.

| Objectives:

The population of students with specia needs is emerging, which in turn raised questions
about the best instructional intervention for remediating learning problems for these children.
Effective intervention is essential in the field of special education (Gersten et al., 2000;
Kavale,1990). Several meta analyses have been reported for synthesize the empirical evidence for
exceptional childrens (Forness, Kavale, Blum, & Lloyd,1997; Jones, 2005; Lloyd, Forness,&
Kavale, 1998; Swanson, 1999, 2006; Swanson & Deshler, 2003; Swanson, Hoskyn, & Lee, 1999;
Swanson & Lee, 2000). From a cross-cultural perspective, the purpose of this study wasto enrich
current understanding by synthesizing the effectiveness of intervention outcomes for students with

special needsin Taiwan.
Il Methods:

A total of 270 single-subject studies, which produced 2128 effect sizes, were acquired by a
through search of major Taiwan journals published in 1995 to 2007. All studies met the following
criteria: (1) The objective was to investigate the effectiveness of special education interventions for
exceptional students; (2) A single-subject research design, with either reversal or multiple-baseline
design was employed. Studies with A-B design were excluded; (3) Baseline and treatment phases
were presented clearly for individual participants, which provided enough information for

calculating effect size.

Coded information covered seven maor domains: (1) Basic characteristics for the study (ex.
year of publication, publish status); (2) Characteristics for the participant (ex. disability type,

participant age, educational setting.); (3) Characteristics for the research design (ex. reversal or



multiple-baseline design, research quality); (4) Characteristics for the intervention (ex. duration of
intervention, background knowledge of the interveners, instructional strategies.); (5) Major
treatment (Independent) variable ; (6) Major outcome (dependent) variable ; and (7) quantitative

information .

For over 3 years of devoting, four doctoral students majoring in specia education served as
coders. By frequent and intensive discussions, disagreements were resolved in regular group
meetings, and the overall inter-coder reliability was approaching .91. For each baseline-treatment
pair, both the PND (percentage of non-overlapping data) and PEM (percentage of data points
exceeding the median of baseline phase) (Ma, 2006) procedures were employed to compute effect

size.
1l Results and discussion:

The grand mean PND was .79 (SD=.31), and the grand mean PEM was .87 (SD=.23). Thelag
1 autocorrelation was found to be significant, thus indicating the violation of assumption of
independency. Nonparametric statistics thus were applied for following analyses. According to
Scruggs et al (1986) and Ma (2006), the average PND and PEM scores, which were between .70

and .90, revealed a moderate effect.

Further works on moderator identification were based on results of Kruskal-Wallistest and
Mann-Whitney U test. The findings depicted that the magnitude of effect size varies significantly
across various levels of publication year, disability type, students’ age, student’s 1Q, research quality,
duration of training, and background knowledge of the interveners. Regarding to effect of major
treatments, compared to computer-assisted instruction and writing intervention, remediation on

word recognition, math, and reading comprehension showed somewhat smaller effects.

Besides, for atotal of 34 investigated instructional strategies, relatively better strategies for
various type of exceptional students were identified. Briefly speaking, the strategies with larger
effect sizes for students with learning disabilities were (1) adopt self-management approach such as

self-evaluation, self-monitoring and self-reinforcement; (2) arrange appropriate setting or



environment for learning; (3) design class on a one-to one basis; and (4) define intervention goal
clearly. The better instructional strategies for emotional/behavioral disorders were (1) prompt
students to use strategies or procedures; (2) involve parentsin the learning process; (3) direct
students to pay attention on what is being taught; and (4) define intervention goal clearly. The better
strategies for teaching mental retarded children were (1) adjust intervention goals flexibly during
teaching process, (2) utilize token system; (3) arrange appropriate setting or environment for
learning ; (4) adopt self-management approach such as self-eva uation, self-monitoring and
self-reinforcement; and (5) monitor the progressions of students’ learning. The better strategies for
teaching autistic students were (1) offer either oral of written feedback; (2) use token system; (3)
use help from volunteers; (4) reinforce desired behaviors; and (5) adjust intervention goals flexibly

during teaching process.

These abovementioned findings provided evidences for better understanding the effectiveness
of intervention outcomes for students with specia needs. This information can be compared with

findings from other nations for providing cross-cultural comparisons.
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