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vital ‘component in predicting Academ:c achievement. These authors,
however; used Academic achievement tests .and not SG, which nght have
-resulted in higher correlations between mental speed and achievement due to
time limits in the latter. Gender-ratio-did not display a signifi jcant effect, with -
.a single exception: At the grouplevel; classrooms w:th a hzgher proportion of
. boys recezved better mean Ianguages SG.~ e .

This was posszbly a resilt of the hzgher proportzon of boys int the higher

_ tracks; 'which'in turn on average received better:SG. The mediating effect of

-reasoning ability was not moderated by gender-ratio, however, nor was the

direct effect. It appears that for the ‘assessment of Academic achzevement
using SG, gender-ratto in the classroom bears no relevance.

‘?‘

Limitations. - -~ - *- . R A

"8G were assessed retrospectively ‘in this . study, therefore -‘causal
" conclusions cannot be drawn, The statistical equivalence. of a mediator and a
confounder variable (MacKinnon et al., 2000), however, ensures that the
“resilts obtained in this study can be interpreted in a different way, with.
. - reasoning ability as a confounding variable obscurmg the true relattonshtp

between gender and -mental speed. Because of convenience, however,

'_reasomng abzhty was. designated a mediator in this study.- .

‘ ' Latent’ variablé models” were not usedhere because it is: currently
_infeasible to estimate lower level mediation-models with.random direct and

" indirect effects. among lalent variables, because.random slopes. cannot be_

’ estmzated (e.g., Bentler & Yiang, 2003). However, because our focus was on *

- multilevel modelling here and due to the satisfactory scale reliabilities, we
' chose to work with single variables -

ot

Gender, reasonmg abthty, andAcademtc acluevement I 9

A Sfinal pomt worth menttomng refers to the fact that we used d fferem
school ‘forms in this study, which varied with respect to educational
standards. The same grade, thérefore, might imply di ﬂ'erent degrees of

.- Academic - achievement. - This" might have lowered the effects observed,

' although they were of satisfying magmtude Future studies should combine
~ §G with Academic aptitude tests in order to provide a more complete picture
of Academic achievement and its relationwith gender and reasoning ability, -

whilé taking the multilevel data structure oﬂen encountered in educanonal
‘ settmgs zm‘o account : :
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gender differences in Academic achievement, and if so, are these moderated
by reasoning ability? SG were investigated here, because they are relevant
real-life criteria and often requested for selection purposes. Because of the
clustered data structure, we used multilevel analyses in order to exclude
erroneous parameter estimates and biased statistical tests, as would have
been obtained using standard regression ‘models.

Further, the combination of mediation analysrs with multilevel modelling
allowed us to extract substantial evidence from the data that otherwise would
have gone unnoticed.

In line with prewous ‘results reported, we found gender differences in
" languages, favoring girls. However, boys were found to have higher SG in
sciences. This might be due to the fact that the sample investigated consistent.
to large degrees of highly intelligent students, many of whom were visiting
specialized schools for the gifted. It is a well documented fact that males are
over-represented in programs and schools for the gified (Kerr& Nipcon,
2003). However, when investigating gender differences in scierices for each
school type, ‘we found that girls in the gifted track actually had better
sciences SG than boys (d = - 0.24). In line with previous research, we found
a small advantage of boys in reasoning ability, whereas girls surpassed their
male peers in meéntal speed, albeit not to a significant degree. Reasoning
ability mediated the effect of gender on both languages and sciences.
Whereas for sciences, we observed a fully. inconsistent mediation, resulting in
a total effect that was not significant,:the positive partial mediation of
languages SG by reasoning ability could ot fully neutralize the direct effect
of gender on languages SG, producing a total effect favoring girls.
Reasoning ability, obviously, was not a decisive factor in languages SG, but
it was so for sciences, countervailing the direct effect of gender on grades
Savoring girls.

Two possible explanations can be given for this. Firstly, as can be seen in
Figure 2, in classrooms with a lower average reasoning ability, the
relationship between reasoning ability and languages SG was sometines
especially low, but no significant variation in the effect of reasoning ability
on sciences SG between classrooms was found. Secondly, girls are known to
exhibit a higher degree of self-discipline (Duckworth & Seligman, 2006),
which was shown to mediate the effect of gender on SG. We did not include
any measures of self-discipline or other persondlity traits in this study,
therefore the remaining advantage of girls in languages after controlling for
reasoning ability cannot be easily explained.

Mental speed did not significantly lower the indirect effect exerted by
reasoning ability for either sciences or languages. This contradicts the
results reported in Luo et al. (2003, 2006), who report that mental speed is a

Emm e oA il — el o] el — 08 3dd] — Epaudid] k) sl i el b ti(15)==
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3 (Table 6), which were very close to those in Model 4. Two results were
especially striking, and differed from the analysis in 3.1. Firstly, the direct
effect of gender on languages SG was not constant across classrooms, as
indicated by the significant variance of ¢'. Gender therefore is more.
important for languages SG in some classrooms than in others. Secondly, the
slope of languages SG regressed on reasoning ability varied between groups
as well, as shown in Figure 2. The latter fact reveals that reasoning ability
predicted languages SG to differing degrees across-classrooms: In those with

a higher average intelligence (of female students), the predictive power of
reasoning is higher, as evidenced by the covariance between dM and b.

Table 6: Variances and covariances of random effects in Model 3

d - a dy b ¢’
v A —
e 003 005
P TV T R T ‘
BT ol - 00 . 003 004
¢ o0 oo- 40 Com  ope

Nore. **p < 0. *p < 05,

In order to assess the significance of direct and total effects in Model 3
and Model 4, we once more utilized the parametri¢c bootstrap procedure -
outlined above. Results were similar for Model 3 and Model 4, therefore only
results for Model 3 are reported. The average indirect effect differed from -
zero and was positive (CI lo = 0.02, CI_hi = 0.13), whereas the average
total effect-was negative (CI_lo = -0.54, CI_hi' = -0.24). Again, the effect of
reasoning ability partly mediated the effect of gender on languages SG;

although the direct effect was large enough to yield a strong negative total _

effect, thereby resulting in inconsistent mediation.

In a final step, we again used the regression residuals of reasoning (with * -
mental speed as a predictor) and recalculated Models 3 and 4 using these
residuals as predictor. This did not in any way alter the results, neither for
the indirect effect (CLlo = 0.02, CI_hi = 0.1 3) nor the total effect (CI 1o = -
0.54, CI_hi =-0.24). o '

4. Discussion

.

In this paper, we took a new look at an old question, that is, are there
(14T o Sl — i (pobbll adad) — 04 il ki) st sl 2t sl Al
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3.2 Multilevel mediation analy.sﬁ for,[angudges

Table 5 summarizes the fixed effects in the lower level mediation model
gender — reasoning ability — SG sciences (Model 3) and the moderated
lower level mediation model (Model 4)..Model fit was again very similar,
although the BIC slightly favored Model 4 (BIC = 5056 Jfor Model 3, BIC =
5046 for Model 4). As seen before; gender predicted reasoning ability, which
in turn predicted languages SG. However, a significant negative direct effect
of gender on languages SG could be observed, indicating that girls got
higher grades -in languages irrespective of reasoning ability. Gender-ratio
was found to directly affect languages SG: Classrooms that had a larger
proportion- of boys received higher grades than classrooms with lower
proportions of boys. No other effects of gender-ratio were found, and the
indivect effect was not moderated significantly, f 2(2) = 0.09, p = 0.96.

Table 5: Fixed effects of lower level mediation (Model 3) and moderated
lower level mediation (Model 4) of gender — reasoning ability —

SG languages
Model 3 - - Model 4
Parameter Estimate ~ SE - { | Estimate  SE T
du 009 010 083 009 [83) 087
dr 0.13 006 216 016 006 2.50%
a 02 005 Ase 023 0.05 4,518
b 039 - 004  897°* 0.39 0.04 9.14**
¢ 043 007 663 046 007 685
mdy . ‘ 091 070 13
mds . 087 040 20557
m*a o , ~on 0.34 0.30
B R A LS | 0.28 005
mee " 008 045 0.18

Note, d\y= intercept of mediator equation (reasoning), dr intercept of ouleome aguation {sciences 5G), m =
moderator (gender-tatio} F
nep o 01, *p < .05, !

We then analyzed the variances‘bf covariances of random effects in Model
¥ oo ol — i o] ! — 08 il — Aummtidf el it ot ] Al li(13)=
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reasoning ability varied in magnitude between classrooms, as indicated by
the variance of parameter a, providing evidence for the fact that mean
gender differences in reasoning were not equal across classrooms. Finally,
the significant negative covariance between parameters dM and ¢’ points to
the fact that in classrooms with brighter females, the effect of gender on
science grades tends to be stronger, i.e. males receive better science grades
in such classrooms even when controlling for reasoning ability.

Table 4: Variances and covariances of random effects in Model 1

duy a . dr b ¢’
dy 05™ \
a 0.03 0.05*
d 000 . DM o
b 0.05 0.00 0.01 001 .
Tt 000F 008 - 005 0.01 - 006

Note. ¥"p < 01. *p <.03.

We then used the parametric bootstrap procedure (10,000 draws) outlined
in MacKinnon et al. (2004) to estimate 95% confidence intervals (Cls) of the
indirect and total effects in Model 1 and 2, respectively. Results were similar,
we therefore only report the Cis of Model 1. Cls showed that the indirect
effect significantly differed from zero in both models (CI lo = 0.06, CI hi =
0.19), whereas the total effect did not differ from zero in both models (CI lo
= -0.09, CLhi = 0.20). In this case, therefore, inconsistent mediation
occurred, with countervailing direct and indirect effects, that is, no gender
differences in scrences grades were observed after taking reasoning abrlu‘y
inte account,

Finally, we regré.;sed reasoning ability on mental speed and recalculated
Models 1 and 2 using the residuals as predictors, thereby eliminating all
mental speed variance in reasoning ability. We found the pattern of direct
and indirect effects to be similar as above, with an indirect effect
significantly different from zero (CI lo = 0.06, CI_hi = .15), and a total
effect that was not significant (CI_lo = -0.10, CI_hi = 0.20). Mental speed
therefore did not appear to play a decisive role in predicting science SG.

m=(12)mt oA il — yui el il — 09 33l — kil ] 328 Gt il A Vs
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reasoning abdny which in turn predzcted sciences SG weII Interestmgly, the -

indirect eﬂ’ect ¢’ of gender on sciences SG was no longer significant when
taking reasoning abzlu'y into account, although it was negative. However,
there was no significant mteractlon between gender-ratio and any other™
variables, and the statistical test of the moderation of the indirect effect did
not reach significance either, ¢ 2(2) = 0: 41 p =081 Gender-ratzo does not .
seem to affect direct or indirect eﬂ“ects oh sc:ences SG. T '

Table 3: Fixed g)_"fects of lower. level medmtmn (]'llodel 1) and modemted .
-lower level mediation (Mode! 2) of gender — reasonmg ab:h{y —

SG sciences | o '
\_.Modell_ﬁ; — ~Niodel 3

Parameter “Esfimate SE — 1 Esmwe SE 1
TR T R ¥ | K 055 ’
dy 003 006" 043 003 006 = 052"
a 024 005 Lo 023 0.05 sar
¥ 05 003 1 0.56 003 - 1652% |
¢ 007 606 16 007 006 -L1§
mdy '1 ST Lo o 131
wedr o T ess em . A
wa . o 008 03 02
. m*b" R T o 0.23 0.57
m*c’ . o . ) ' 043 041 106

Note. di,= intercept of medtator eqununn {reazoning), dy = intercept of outcome equiti on( ciances SG). m =
moderator (gender-ratic)
=25 < 0L ®p < 05,

As a next step. we investigated the level 2-vartances and covariances of
the random effects in Model 1 (Table 4) that were nearly identical with those
in Model 2. As can be seen, the variances of both .intercepts (dM and dY,
respectively) significantly differed from zero, Gender, reasoning ability, and
Academic achievement 14 indicating that females differed in their mean
reasoning ability and that mean science grades differed Significantly across.
classrooms, respectzve!y F urther the relanonshtp between gender and

=T oA Sl — gl gal.dl lad] — M aaad] - q.m.n.ll ot el Gt il | a.lall=(11)_
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3. Restilts

Table 2 shows standardized effect sizes of mean differences between male
and female students in SG and cognitive abilities across the entire sample.
Effect sizes were generally small; and gender difference in mental speed
Jailed to reach statistical significance, although femiales had slightly higher

- means. In line with previous assumptions, females had significantly better SG
in languages, while boys excelled in reasoning ability. Unexpectedly,
however, boys showed signifi cantly better grades in sczences

Table 2: Standardized mean di [ferences in cognitive abtltttes tmd Academtc
cluevement between male and fema!e students )

Ability'SG A d t
. Reasoning ability _ L g . 567
Ment'alspeed‘ L 02 193 ]
Languages ‘ R - R X
Sciences. - 0.13 R5i

Note. Gendar was dunmey-coded withmale =1,
< 05, %%p < 0L

Next, we computed the intra-class correlations (ICC) in order to assess
the effect of class membership on outcome variables. The ICC reflects the .
degree of variance that is explained by group membership, and therefore can
be used as an indicator of when multilevel analyses are required. Hence, we
calculated empty multilevel models without predictors, estimating group and
residual variances in order to determine the ICC. The ICC for languages and
sciences were .26 and .17, respectively, and all group-level variance
~ components_significantly differed from zero. Multilevel analyses therefore
U were required “in order. to achieve adequate standard errors and effect

- estimates. :

3.1 Multtlevel medtatum ana{vs:s for sciences

‘Table. 3 prowdes an overview of the fixed eﬁ’ects obtamed for the lower
level mediation model (Model 1) and the moderated lower level mediation .
model (Model 2) for the mediated relationship gender — reasoning. ab:hty —
SG sciences, with gender-ratio being centered to the population mean (0.53).

- Model fit was comparable (BIC = 5133 for Model I, BIC = 5130 for Model
2). ds can be seen, in both moc?els gender was a significant predictor of
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Figure 1: Lower level mediation (upper panel) and moderated lower level
mediation (lower panel)
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and Kenny (1986) to analyze mediation in this paper, because it suffers ﬁom
several shortcomings. For example, these authors mention that the direct
effect of the predictor on the outcome should be significant. However, this -
procedure can obscure the fact that a countervailing mediation effect could -
lower the direct effect, thus rendering it statistically insignificant (Edwards
& Lambert, 2007). Instead, we estimated all direct and indirect effects -
simultaneously in this paper, as proposed by Bauer et al. (2006). '

Multilevel mediation analysis was initially conducted without using level
2-predictors. - In this lower level mediation model, as initially proposed by -
Kenny et al. (2003), we allowed all intercepts (both those of the mediator and
outcome equation) and all regression coefficients (aj, bj and cj in Figure 1,
respectively) to vary between classrooms in the model (the subscript j.
indicates that these parameters can take different values across groups). That -
is, we estimated level 2-variances of the direct effect of gender.on SG (c’j),”
level 2-variances of the components of the indirect effect of gender on SG
mediated by reasoning ability (af and bj) and intercept variances ‘and then .
tested whether these significantly différed from zero. In order to estimate
- confidence intervals for the average indirect (aj D bj) and total effects (qj bj°
+ ¢’j), we utilized the Monte Carlo procedure outlined in MacKinnon,
Lockwood and Williams (2004), }m which the: samplmg dtstr:butrons of the
effects are not assumed to be narmal

5

Addzttonally, we tested whether d:rect and indirect effects in the lower
level mediation model were moderated by gender-ratio as a level 2-predictor
We therefore mvestzgated the statistical interactions of gender-ratio with
_ parameters aj, bj and cj, respectively, and further checked whether gender-
" ratio explained variance in the intercepts (i.e., we tested the assumption that
gender-ratio was related to average reasoning ability in the classroom or to
average Academic achievement). In .order to statistically test a possible
moderation of the indirect effect by gender-ratio, we followed the
multiparameter testmg strategy outlined in Raudenbush and Bryk (2002, pp.
57-61), testing the null hypothesrs that the effect of gender-ratio on both aj
and bj is zero. Lt

In a final step, we regt‘éssed reasoning ability on mental speed, and used
the residuals in the same &nalyses as above to predict SG. Hence, we could
check whether the magnitude of the indirect effect was drastically lowered, as -
predicted by hypothesis 2.
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2, Method

2.1 Participants

1,098 students in 53 classrooms were retained from the original sample,
with 9 classrooms from the lower track, 8 classrooms from the middle track,
20 classrooms from the higher track and 18 classrooms from the gified track.
516 students were female, 582 were male. Students came from grades 7 fo 10,
with a mean age of 14:46 years (SD = 1.06). Table 1 provides the number of
male and female students for each school type, along with means and .
standard deviations of gender-ratio per classroom and classroom size.

Table 1: Number of male and female students and means of gender-ratio
and classroom size per school type

School type Males Females Gender-ratio® . Classroom size
Towertrack 86 79 52(12) 15.95 (3.96)
Middle track 86 | 94 48(13) 24100330
Higher track 208 225 43(16) 228364
Gifedtrack 202 118 63(12) 18.48(349)

Note. Standard deviations ara given in brackets, “Gender was dummiy-coded with male = |,

2.2 Academic achievement

Participating students reported their most recent SG, which were
aggregated into two different composite scores: Sciences (mathematics,
physics and chemistry) and languages (English as well as Spanish and
French as foreign languages). Spanish SG range from 1 to 6, with 1 being the
best grade a student can obtain and 6 the worst. This scoring system was
reversed in our analysis in order to enhance interpretation of results.

2.3 Procedure and statistical analysis

Prior to all analyses, composite SG scores and cognitive ability scores
were transformed using normal scoring in order to approximate multivariate
normality as closely as possible. All variables were standardized (M = 0, SD
= 1) across the entire sample. We did not conduct within-classroom
standardization of SG in order to refrain from masking between-classroom
differences, which is diametrically opposed to the purposes of a multilevel
analysis.

We did not follow the classical causal steps procedure outlined in Baron
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In the case of consistent mediation, direct and indirect effects have the
same sign, whereas in inconsistent mediation, they have opposite signs,
resulting in a possibly nonsignificant total effect. A third aspect of mediation
analysis refers to the role of potential moderators of a mediating effect,
implying that the strength of an'indirect effect depends on the magnitude of a
moderator variable, resultmg in moderated medmnan (Edwards & Lambert,
2007). :

Methods of mediationalfanalysis have been developed mainly in the
context of linear regression and path analysis (e.g., Baron & Kenny, 1986;
Shrout & Bolger, 2002). The independence assumption of such models,
« however, is violated in case of correlated data in clustered observation units.
For example, it is highly likely that students in the same classroom share
many experiences. Therefore, it can plausibly be dssumed that scores on
outcorne variables are correlated across students within this same classroom.
Because the independence assumption is violated in this case, standard
errors in multiple linear regression models will be underestimated, resulting

‘in alpha inflation (e.g., Hox, 2002),

, Recently, several papers have extended mediation analysis to the case of
multilevel modelling (Bauer, Preacher, & Gil, 2006; Kenny, Korchmaros, &

Bolger, 2003; Krull & MacKinnon, 2001). Multilevel models explicitly take
clustered data structures into account and therefore are capable of
accurately estimating effects and standard errors. Extending mediational .
analysis to a multilevel modelling framework enables researchers to let.
direct and indirect effects vary randomly across groups, to statistically test
the magnitude of this variation, and to integrate higher-level predictors into
their models in order to explain between-group variability in these effects.
Bauer et al. (2006) present a multivariate multilevel model to simultaneously
estimate direct and indirect e_ﬁects in the case of clustered data. We follow

. this approach here. :

L5 Research liypotheses in the prese:;t study

Based on the literature’ review above, the following hypotheses were
explored: ~

(1) The direct effect of gender on SG is med:ated by reasoning ability.

(2) When statgst:ca!bi controlling for mental speed, the mediating effect of

reasoning ability shows a significant drop in size.
(3) Direct and.indirect effects significantly vary between classrooms.
{4) Gender-ratio mode.rates the mediating effect of reasoning.
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memory and spatial reasoning, whereas females tend to score higher on
perceptual speed and verbal ability.

1.3 Specific cognitive abilities and Academic achievement

Reasoning ability has proved to be a core component of general
intelligence, while simultaneously showing higher correlations with working
memory. components than other facets of intelligence (Carroll, 1993).
Reasoning was shown to predict variance in SG above working memory, but
not vice versa (Rohde & Thompson, 2007). Some authors report evidence
supporting the idea that reasoning ability is a better predictor of Academic
achievement than the g factor itself  (Wittmannl999). Importantly,
performance in mathematics and natural sciences usually depends more
heavily on reasoning capabilities than other subjects like languages or
humanities, presumably because those subjects are more hierarchically
structured (Deary et al, 2007, Rindermann & Neubauer, 2004). In
predicting Academic achievement, reasoning ability therefore is of central
importance. ' .

Several papers have investigated the effect of mental speed on Academic
achievement. For example, Luo, Thompson and Detterman (2003) showed
that mental speed effectively mediated the relationship between WISC-R
intelligence scores and Academic achievement, dramatically reducing the
shared variance of intelligence and Academic achievement. In a later study,
the same authors report results supporting this evidence (Luo, Thompson,
Detterman, 2006): A compound factor of working memory and mental speed
surpassed the explanatory power of fluid intelligence. A study conducted by
Rindermann and Neubauer (2004) adds to the fold, as these authors report
results most supportive of a model in which the effect of mental speed on
Academic achievement is largely mediated by intelligence and creativity,
although the direct effect of mental speed on SG was relatively modest.
Mental speed therefore appears to play a decisive role in predicting
Academic achievement.

1.4 Mediation and moderated mediation in hierarchical data structures

Mediation refers to the effect that a key predictor exerts on an outcoine
variable through an intermediate variable. For example, Duckworth and
Seligman (2006) investigated the effect of gender on Academic achievement
as mediated by self-discipline. Depending on the pattern of relations between
the variables inspected, the intermediate variable may be called mediator,
confounder or suppressor (MacKinnon, Krull, & Lockwood, 2000). The main
aim of mediational analysis is to determine whether the effect of the predictor
on the outcome variable can be ascribed, wholly or in part, to the
intermediate variable. A further goal is to determine whether consistent or
inconsistent mediation is present (Tzelgov & Henik, 1991).
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to the worst (norm-referenced grading). In sum, SG therefore often reflect a
mixture between norm-referenced and criterion-referenced grading. As a -
consequence, students in different classrooms who have obtained the same
SG might differ in their actual degree of Academic achievement. This fact
could partially dilute the relationship between SG and intelligence. However,
Stricker et al. (1993) found that adjusting GPA for course-by-course '
differences in grading standards did not significantly affect the relat:onshrp _
between gender and grades in a sample of university students. ‘

An additional factor potentially affecting Academic achievement is class
gender-ratio. A recent study showed that gender-ratio in the classroom
negatively affects the academic self-concept of girls, but not of boys (Preckel,
Zeidner, Goetz, & Schleyer, in press). The academic self-concept is largely -
shaped by social comparison processes among students and shows a positive .
correlation with Academic achievement (e.g.,- Zeidner & Schleyer, 1999).
Girls’ academic self-concept is especially vulnerable in case they form a,
minority in the classroom. Therefore, the assumption that boys gain higher
SG in classrooms with a higher percentage of boys seems warranted. To our
- knowledge, this question has not been investigated extensively in the
literature.

1.2 Gender differences in intelligence

An overwhelming portion of the literature supports the notion that gender
différences in general intelligence (g) are practically nonexistent (Halpern,
2000, Jensen, 1998; Mackintosh, 1996). There are reliable differences in -
specific cognitive abilities, however. For example, females. have been
reported to outperform males on perceptual speed (Kimura, 1999) and
components of verbal ability (Hyde & Linn, 1988), whereas males
outperform females in spatial abilities. Differences in specific tests or
subtests have been reported as well. Male university students score higher in
the Raven Progressive Matrices (Irwing & Lynn, 2005), and males
outperform females on the working memory factor in the WISC-IIl. In
contrast, female schoolchildren surpassed their male counterparts in verbal
reasoning, but the effect was small (Strand, Deary, & Smith, 2006).

Further, female students aged 14 to 18 had significantly higher means
than males'in the subtests Spelling and Language of the Differential Aptitude
Test (Feingold, 1992). .

Gender differences in specific cognitive abilities appear more pronounced
when g is statistically controlled for, thereby supporting the idea that g-might
mask the actual magnitude of gender differences in specific cognitive abilities
(Johnson & Bouchard, 2007). In sum, although gender differences in g have
usually not been found, males often excel in subtests requiring working
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GPA of about half a standard deviation, with a smaller gender difference in a
standardized achievement test (d = .30). In a sample of high school students,
similar results were observed (Wright & Houck, 1995). Even in subject areas
such as math and science, girls have often been found to outperform boys
with respect to SG (Dwyer & Johnson, 1997, Halpern, 2000). Results look
different when focusing on standardized achievement test scores. There is
some evidence that boys often score higher than girls in achievement tests
such as the SAT (e.g., Stricker, Rock, & Burton, 1993). Further evidence
Jrom a meta-analysis and large-scale assessments supports the notion of a
moderate advantage for males with respect to math achievement test scores
in later youth and adult age, which appears most pronounced in
mathematical problem solving and understanding of mathematical concepts
(Hyde, Fennema, & Lamon, 1990; Johnson, 1996; Mills, Ablard, & Stumpf,
1993). With respect to general verbal ability, a female advantage ofd =.20
has been reported (Hyde & Linn, 1988).

The different relationships of gender with SG and standardized
achievement scores, respectively, can have different reasons. There has been
some controversy with respect to SG as measures of educational
achievement, which have been criticized for their sometimes-mediocre
psychometric properties compared to standardized achievement tests.
However, SG are valid predictors of real-life criteria such as academic or
vocational training success (Schuler, Fri{gke, & Baron-Boldi, 1990), and high
correlations between SG and achievement tests have been reported.
Moreover, teachers are able to validly predict their students' academic
achievement (e.g., Feinberg & Shapiro, 2003). Further, standardized’
achievement tests often are measures of g without explicitly stating so (see,
Jor example, Frey & Detterman, 2004), which could at least partially explain
the higher correlations between intelligence tests and Academic achievement
tests compared 1o the relationship between SG and intelligence (e.g.,
Schaefer & McDermott, 1999).

A related point of criticism with respect to SG pertains to the fact that
assessment

standards can vary between classrooms. Basically, teachers in Germany
are supposed to

compare the performance of a student to standards defined by the
educational authorities

(criterion-referenced grading; T ent, 1998). However, while taking these
standards into

account, in practice, teachers often choose a class-specific frame of
reference Jfor assessment, assigning good SG to the best students and bad SG
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1. Introductmn !

A large body of psychologzcal research has focused on the prediction of
Acadenic and educational achievement from intelligence test scores (e.g.,
Deary, - Strand, Smith, & Fernandes, 2007; Jensen, 1998; Rohde &
Thompson; 2007). This is not surprising, because one of the-main motivations -
for the'development of the first intelligence scales was the prediction of
school examination scores (Spearman, 1904). Generally, intelligence has -
been shown to be one of the best predictors of Academic performance, with
an average correlation of IQ scores and school performance between 0.4 and
0.7 (Kuncel, Hezlett, & Ones, 2004; Mackintosh, 1998; Naglieri & Bornstein,
2003; Neisser et al.,. 1996; Rindermann & Neubauer, 2004, Sif3,” 2001).

. Results pertaining to gender differences in specific cognitive abilities have:
been reliably reported as well, with girls usually performing better in tests
requiring verbal and speed abilities, while boys often excel in tasks requiring
spatial abilities (Hyde & Lynn, 1988; Voyer, Voyer, & Bryden, 1995) -,

However, the literature investigating the relationship of specific cogmt:ve
abilities

~ with Academic achievement while szmultaneously taking gender
di ﬁ'erences into account is sparse. In addition, the fact that the clustered data
structure of students within classrooms. has often been ignored in past
analyses might have resulted in possibly biased results. This study therefore
is concerned with a systematic analysis of gender effects on Academic
achievement as mediated through various specific cognitive abilities. In
order to investigate whether possible mediational effects were homogenous
across different classrooms,. and whether predictors on classroom level®
moderated the magnitude of this effect, a multtlevel mediation analysis wu‘h
moderators was conducted. %

1.1 Gender and Academic achievement

It has been a'consistent finding in the literature that girls receive better
school grades (SG) than boys. In a study with elementary school children, for
example, Pomerantz, Altermatt and Saxon (2002) reported standardized
mean differences between female and male students’ SG ranging from d =
0.14 (math) to d = 0.28 (language arts), favoring girls. In a sample of eight-

- grade students, Duchvor!h and Seligman (2006) found gender d:jferences in
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English Abstract :

The présent. study investigates gender differences in Academic
achievement (school grades in sciences and languages) as mediated by
reasoning ability in a large sample with a clustered data structure from an
educational context. Whereas girls outperformed boys in languages, boys
excelled in sciences and reasoning. Multilevel analyses indicated a small
indirect effect of gender on school grades mediated by reasoning ability.
Gender differences in sciences, but not in languages were largely explained
by reasoning ability, but not by factors such as gender-ratio in the classroom
or mental speed, The predictive power of reasoning ability for languages, but
not sciences was larger in classrooms with higher mean reasoning ability,
whereas gender- differences in languages, but not scieénces varied
significantly across classrooms. Reasoning ability appears to be important
Jor predicting Academic achievement in sciences, whereas languages are
more affected by gender. .
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