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Abstract

Background: The substantive basis of the Reasoning Test Battery (BPR)
is the theory of the hierarchical organization of cognitive abilities and
therefore, it combines a general cognitive factor and specific factors
associated with abstract, numerical, verbal, practical, spatial and mechanical
reasoning. The battery has three forms, covering an age range from 9 to 22
years. Method: The present study analyzes the internal structure of the
Basque version of the battery using exploratory and confirmatory factor
analyses. Factorial invariance studies across gender were performed and
partial differences observed were analyzed in a sample of 1,923 students.
Result: The results concluded: (a) the presence of one general reasoning
factor in each of the forms, (b) partial scalar invariance across gender
affecting mechanical reasoning and numerical reasoning, (c) no differences
in the general reasoning factor, and (d) negligible observed differences in
partial scales. Conclusions: Tests for measurement invariance indicate
differences in factor intercepts, cautioning that comparisons of observed g
scores across gender are not appropriate.

Keywords: Reasoning tests, factorial structure, factorial invariance,
adaptation, gender differences, BPR, CHC.

Resumen

Invarianza escalar parcial y diferencias observadas entre sexos en una
bateria de tests de razonamiento. Antecedentes: construida sobre la teorfa
de la organizacién jerdrquica de las habilidades cognitivas, la Bateria de
Pruebas de Razonamiento (BPR) combina un factor de razonamiento
general y factores especificos asociados con el razonamiento abstracto,
numérico, verbal, prictico, espacial y mecdnico. La bateria tiene 3 Formas
que cubren un rango de edad entre 9 y 22 afos. Método: se analizé la
estructura interna de la version en euskera de la baterfa por medio de
andlisis factoriales exploratorios y confirmatorios. Se llevaron a cabo
estudios de invarianza factorial en funcion del sexo y se analizaron las
diferencias observadas en las escalas parciales en una muestra de 1.923
estudiantes. Resultados: los resultados concluyeron: (a) la presencia de un
factor de razonamiento general en cada una de las formas, (b) la invarianza
escalar parcial que afectan a las escalas de razonamiento mecdnico y
razonamiento numérico, (c) la no diferenciacion entre sexos en el factor
general, y (d) diferencias minimas en las escalas parciales. Conclusiones:
los resultados del test de invarianza factorial apuntaron la presencia de
valores interceptales diferentes, lo cual desaconseja la comparacién de
puntuaciones observadas g en funcién del sexo.

Palabras clave: test de razonamiento, estructura factorial, invarianza
factorial, adaptacion, diferencias de género, BPR, CHC.

Since the birth of scientific psychology, intelligence has been
and continues to be one of the most widely studied psychological
variables. Recent studies on the use of tests carried out both in Spain
and other European countries have shown that the assessment of
intellectual capabilities in educational, organizational and clinical
contexts occupies a central place in professional practice (Elosua
& Iliescu, 2012; Muiiiz & Fernandez-Hermida, 2010).

In intelligence modeling, psychology has played a role in the
debate between defending the general factor (g) (Spearman, 1927)
and considering aptitudes as differentiated autonomous structures
(Thurstone, 1938; Guilford, 1967). Between the two divergent
positions, a conciliatory model has gained ground: the hierarchical
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organization of cognitive abilities (Carroll, 2003; Cattell, 1963,
1971; Horn & Noll, 1997; McGrew, 2005; Schneider & McGrew,
2012; Vernon, 1961). The Cattell-Horn-Carroll (CHC) model
proposes a three-stratum model of intelligence. Stratum I is defined
by narrow-spectrum abilities that are related and grouped together
to form the second strata, consisting of at least nine abilities: (a)
fluid reasoning, Gf ; (b) comprehension-knowledge or crystallized
intelligence, Gc; (c) cognitive processing speed, Gs; (d) reacting or
decision-making speed, Gt; (e) short-term memory, Gsm; (f) long-
term memory storage and retrieval, Glr; (g) reading and writing
ability, Grw; (h) quantitative reasoning, Gq; (i) visual-spatial
processing, Gv, and (j) auditory processing, Ga. These would be
used to form the third stratum or general factor, g.

Using the hierarchical model, the Reasoning Test Battery
(“Bateria de Provas de Raciocinio”, BPR; Almeida & Lemos,
2006) was created. The BPR combines the assessment of a
general reasoning with components associated with skills
which are usually assessed in specific multifactorial intelligence
batteries. The scales that make up the BPR measure: (a)
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abstract reasoning associated with fluid intelligence, Gf; (b),
verbal reasoning associated with comprehension knowledge or
crystallized intelligence, Ge; (c) numerical reasoning, Gq; (d)
special reasoning related to visual processing, Gv; (d) mechanical
reasoning and practical reasoning associated with fluid reasoning,
Gf, and reading comprehension, Grw. In terms of reasoning, the
battery contains analogies, completion series and troubleshooting
tasks. The item content consists of meaningless geometric figures
(figurative-abstract), word meanings (verbal), number sequences
(numerical), movement of cubes (spatial) and practical situations
(concrete-mechanical).

Versions of the BPR have been adapted to Brazil (Primi &
Almeida, 2000) and Spain (Elosua & Mujika, in press). The
reliability coefficients reported for the scales are greater than.70
and, in most cases, the values are above .80. Studies conducted on
the dimensionality of the BPR on the partial scales concluded the
presence of a general factor which explains between 40% and 60%
of the variance of the scores.

Since the early twentieth century, together with the hierarchical
organization of cognitive abilities, analyzing the possible
differences as a function of gender has been a recurring theme in
psychology research (Fryer & Levitt, 2010; Johnson, Carothers,
& Deary, 2008; Lemos, Abad, Almeida, & Colom, 2013; Lohman
& Lakin, 2009), and the accumulation of evidence has kept the
discussion going. The study of differences in observed means
between men and women concludes the presence of differences
in specific dimensions (Halpern et al., 2007). Girls tend to score
higher in verbal abilities (Halpern, 1997; Lynn, Raine, Venables,
Mednick, & Irwing, 2005; Johnson & Bouchard, 2007), and boys
do better in spatial, abstract reasoning and numerical abilities
(Colom, Quiroga, & Juan-Espinosa, 1999; Geiser, Lehman, &
Eid, 2008; Linn & Petersen, 1985; Voyer, Voyer, & Bryden, 1995).
However, there is less agreement when exploring the differences
between sexes in the general reasoning factor. The conclusion
that men achieve higher g factor scores than women (Lynn, 2002;
Jackson & Rushton, 2006) contradicts studies that defend no sex
differences in general intelligence (Dolan et al., 2006; van der
Sluis et al., 2008).

The lack of agreement on differences in the general factor
is accompanied by differences in methodological approach.
The conclusions from research on gender differences are
customarily based on observed score comparison; however,
from a methodological perspective, comparing scores without
accounting for the invariance of the hierarchical factorial structure
of the questionnaire can lead to erroneous decisions. The lack of
equivalence can mask differences and lead researchers to identify
discrepancies where there are none (Finch & French, 2012).
However, studies based on factor models continue to shed light on
the subject. Irwing (2012) compared factor score estimates after
adjusting a hierarchical factor model to the WAIS-III in which he
concluded the presence of differences between males and females,
with the males exhibiting higher values. But using the same test
and studying the factorial invariance of the model in a Spanish
and Dutch sample, a number of studies report no difference in
the g factor (Dolan, Colom, Abad, Wicherts, Hessen, & van de
Sluis, 2006; Van der Sluis et al., 2006). In this regard, and with
respect to the BPR, the studies of factorial invariance published
have concluded no sex differences in the general reasoning factor
in Portuguese and Spanish samples (Lemos, Abad, Almeida, &
Colom, 2013; Elosua & Mujika, in press).

Therefore, the objective of this work is twofold: the first is to
analyze the internal structure of the BPR in a Basque sample, and
the second, after studying the invariance of the factorial structure
across sexes, is to take a closer look at the gender differences.

Methods
Farticipants

The sample comprised 1923 students, 985 females and 938
males. The age range of the students was 9 to 22 years. The mean
age of the participants completing Form-1 was 10.32 years (SD
= 0.98), Form-2, 13.51 years (SD = 0.97), and Form-3, 16.28
years (SD = 1.07). The distribution of the sample is shown in
Table 1.

Instrument

The current version is a battery of tests (Table 2) in three
different forms designed to assess a wide range of ages: BPR
Form-1 consists of four scales aimed at students in grades 4, 5
and 6 (ages 9-12); BPR Form-2 comprises 5 scales and covers the
first three years of secondary education (ages 12-15); BPR Form-3,
with 5 scales, is designed for students enrolled in the fourth year of
secondary education and the 2 pre-university years, known as the
Spanish Baccalaureate or Bachillerato (ages 15-20).

The process of adapting the BPR to Basque followed the
recommendations of the International Test Commission (Muiiz,
Elosua, & Hambleton,2013). The battery was adapted to the Basque
using a double forward translation by two independent translators
and reconciliation by a multidisciplinary team comprised of two
psychometricians, two professional translators and two teachers of
primary and secondary education. The expert committee reviewed
the product through an iterative review process until a final version
was adopted by consensus. Some items of the verbal section were
modified to maintain semantic equivalence in terms of familiarity
and difficulty: 5 items from Form-1, 5 items from Form-2 and 6
items from Form-3.

Table 1
Sample composition

Form Females Males Total
BPR-1 320 343 663
BPR-2 331 351 682
BPR-3 334 244 578
Total 985 938 1923

Table 2

Structure of the reasoning tests nattery

Abstract  Verbal

t s 1 s T s 1 s 1 s 1 5

Spatial Numerical Practical Mechanical

BPR-1 Items 20 20 - 15 15 -
BPR-2
BPR3 Items 25 25 20 20 - 25

Figurative ~ Verbal Cube  Numerical Problem
Problems

Tasks . . . . .
analogies analogies  rotation series solving

297



Paula Elosua and Josu Mujika

Procedure

The data were collected from an incidental sample comprising
fifteen schools in the Basque Autonomous Community which
signed cooperation agreements for the purposes of this research.
The participants, or where applicable their legal guardians,
signed an informed consent document. The questionnaires were
administered by personnel specifically trained for this project.

Data analysis

The study of the internal structure was based on three
complementary approaches: (a) the internal consistency of each
scale was assessed with ordinal alpha; (b) the presence of the
dominant factor for each partial scale was assessed using item
factor analysis on the tetrachoric correlation matrix; and (c) the
factorial structure for each form was analyzed by confirmatory
factor analysis.

The study of gender differences was carried out in two stages:
(a) factorial invariance across gender was analyzed for each of the
forms. The measurement invariance examined the equality of factor
pattern matrices (configural invariance), the equality of loading
matrices (measurement invariance), the equality of intercepts (scalar
invariance), and the equality of factor means; (b) differences in each
of the partial scales were examined as a function of gender using the
Student’s 7-test and Hedges’ g to estimate the size of the effect.

The factorial analyses were conducted using the ‘lavaan’
package (Rosseel, 2012). Model fit was assessed with the chi-
square statistic, the root mean square error of approximation
(RMSEA), the standardized root mean square residual (SRMR)
and the comparative fit index (CFI). Although Hu and Bentler
(1999) suggested that RMSEA should be less than or equal to
06 for a good model fit, recent studies conclude that in models
with small degrees of freedom, RMSEA too often indicates a poor
fitting model (Kenny, Kaniskan, & McCoach, in press). The cut-
off value for the CFI is usually fixed at .90 and for SRMR, at .08
(Hu & Bentler, 1999). Following the criteria proposed by Cheung
and Rensvold (2002), the invariance is rejected if the value of the
difference between the two nested models is higher than 0.01 in
favor of the least strict model.

Results
Internal consistency

Internal consistency values of the scales ranged from .79 to .93
(see Table 3). The highest values in each form were obtained in

the numerical scales (o, = .92; 0, = .93;a, = .88),and
the lowest values were associated with the mechanical reasoning
scales (o =79 a .= .81).

Form2

Unidimensionality of partial scales

Results of the item factor analyses in each of the scales (Table
3) showed that for numerical and practical reasoning scales, the
percentages of variance associated with the one-dimensional factor
were greater than .30. The mechanical reasoning scales showed
slightly lower values; 16% of the variance was explained by the
dominant factor in Form-2 and the explained variance was 19%
in Form-3.
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Factor structure

Table 3 presents the results of assessing the presence of a
general reasoning factor. The values show the regression weights
and their standard errors for each scale. The loadings in all three
forms were statistically significant and greater than .55 except for
the mechanical reasoning scale, which showed lower values (}\sz
= .50; kForms =.39). The SRMR and CFI indices (Table 4) met the
criteria for a good fit in the three BPR test forms, and RMSEA
showed values a little higher than the cut-off point in Form-2
(RMSEA, . =.12). The extracted general factors explained 54%
of the variance in Form-1, 38% in Form-2 and 37% in Form-3.

Gender factorial invariance

Results of the factorial invariance are shown in Table 5. The
CFI indices obtained in evaluating baseline models had values
greater than .93 in all three forms. The poorest fit was obtained by
the male sample in Form-2 (CFI = .93; RMSEA = .13). Configural
invariance models showed a reasonable fit to the data in the three
forms with CFI values over .94. Metric invariance was held for
Form-1, Form-2 and Form-3, where CFI difference values were
lower than the cut-off point of .01. The results from the scalar
invariance analysis were poor; changes in the CFI index in the three
forms exceeded the critical value of 01 (CFI | = .998-954 =
04;CFL, ~~=.94-91=.03;CFL . =.98-95=03). Following
a sequential process of freeing parameters based on examining the
modification indices (Elosua & Muiiiz, 2010), the conditions for
partial scalar invariance were defined for the three BPR forms. In
Form-1, the parameter associated with the numerical reasoning
scale was freed (ACFI = -.001), and in Form-2 and Form-3,
the intercepts of the mechanical reasoning test (ACFI = 0;
ACFI . = 0) were also freed. The parameters from the final
models are shown in Table 6. The intercept values in the numerical
and mechanical reasoning scales were systematically higher for
the male group. After adjusting the partial invariance models, the

Table 3
Internal Structure of the BPR

Form 1 Form 2 Form 3

«, Var % A «, Var % A «, Var % A

'ORD 'ORD ‘ORD

Abstract R. 88 29 065 89 29 55 86 25 63
Verbal R. 85 23 79(05 86 22 .63(06) 87 22 1(.06)
Numerical R. 92 45 70(05) 93 45 65(06) .88 31 54(05)

Practical R. 92 53 79(05)
Spatial R. 88 28 75(07) 85 25 .73(.06)
Mechanical R. 79 16 50(06) .81 .19 .39(.05)
Note: estimation errors in parentheses; o, Ordinal alpha

Table 4

Fit indexes of the confirmatory unidimensional model

e df. p SRMR CFI RMSEA IC,, RMSEA

Form-1 3.80 2 A5 01 998 037 00-.09
Form-2 52.87 5 <01 05 93 12 09-.15
Form-3 15.01 5 01 03 98 059 02-.09
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Table 5
Models for gender factorial invariance
Form-1 Form-2 Form-3
Model b df CFI  RMSEA L df CFI  RMSEA P df CFI  RMSEA
Females. Base model 133 2 998 00 17.24 5 96 09 6.80 5 99 03
Males. Base model 157 2 998 00 339 5 93 13 6.21 5 99 03
Configural Invariance 2.90 4 998 00 47.62 10 94 A1 13.01 10 99 03
Metric Invariance 6.67 7 998 00 53.28 14 94 .10 22.66 14 985 05
Scalar Invariance 52.98 10 954 A1 73.35 18 91 .10 47.67 18 949 07
Partial Scalar Invariance ( nr free) 11.81 9 997 03
Partial Scalar invariance (nr and mr free) 5349 16 94 08 27.76 16 980 05
Equal latent means 18.62 10 991 05 5991 17 935 09 28.40 17 980 049
Note: nr = numerical reasoning; mr = mechanical reasoning
Table 6
Parameter estimates for final models
BPR Form-1 BPR Form-2
Scale M v Ve v Vo s v L
Abstract R. 079 (0.05) 12.81 (0.13) 1.00 15.01(0.14) 1.00 13.09(0.13)
Verbal R. 1.00 11.98 (0.14) 1.24 (0.09) 14.40 (0.16) 1.39 (0.14) 16.04(0.16)
Numerical R. 903 (0.05) 7.82(0.17) 9.12(0.17 1.04 (0.09) 7.83(0.23) 8.74 (0.23) 1.29 (0.12) 9.55(0.18) 10.18 (0.21)
Practical R. 825 (0.04) 899 (0.11)
Spatial R. 1.36 (0.10) 11.52(0.17) 1.57 (0.14) 10.77 (0.16)
Mechanical R. 0.63 (0.07) 9.56 (0.18) 1035(021) 095 (0.10) 8.97 (0.15) 10.18 (0.22)
Note: Standard errors in parenthesis
equality of general factor means was analyzed. The results showed Table 7
that once the mechanical and numerical reasoning parameters were Observed scale means
freed, sex differences were absent in the latent factor (ACFIL = Females Males Hedges'g
-006; ACFL ., =-005; ACFI ., =0) BPR Student’s 95% CI
) Mean SD Mean SD
Observed mean scores by gender Abstract reasoning
Form-1 1300 329 1259 360 t(654)=152p=.12 .11[-03,27]
Table 7 shows the observed means and comparison between Form-2 15.10 376 14.64 366  t(674)=1.59p =.11 .12[-02,27]
each of the groups in the partial scales, as well as a measurement Form-3  13.10 302 1304 361 (570)=0.19;p= 84  01[-.14,18]
of the size of the effect. '
Among the group of youngest students, aged 9-11, results Verbal reasoning
revealed significant differences in the numerical reasoning scale Form-1- 1218 3711170 361 1(632)=1.67:p=09 .13[-02.28]
(M,,, = 8.90; M, = 807: t(659) = -3.02; p = 003), and in Form-2 1;&.66 406 1276 418 669):282,[):1105 21[06,37]
the practical reasoning scale (MM =855 M =9233; t(651) Form-3 1539 371 1521 397  4(565)=054:p=.58  05[-.11,28]
ale Female )
=342; p = .001). In the first case, mean scores were higher for Spatial reasoning
males than for females; in the second case, the females reported Form2 1175 427 1102 447  664)= .15p =03 .16[01,31]
better performance. However, based on Hedges’ g, the size of the Form-3 1054 353 1119 411 (573)=-201:p=.04 -.16[-33-00]
differences was small in both cases (g .., = -23; & iu = -20). In
. . e practied Numerical reasoning
the numerical reasoning scale, gender differences were no longer
significant in Form-2, (M, = 8.44:M____=8.05; 1(653) = -1.16; Form-1 807 348 890 352 1(659)=-302;p=.003 -23[-38-08]
. A emae Form-2 8.05 408 8.44 465  t(653)=-1.16;p = .24 -09,[-.24,06]
p = .24) but were again significant among the older students (MMMe Form3 052 340 1022 357 570)=23 ® -190.36.03]
. orm- . : . 3. t =-233:p= -.19 [-.36.-.
=10.22; M. = 9.52; «(570) = -2.33; p = .02); the size of the P
effect was negligible in both cases (g, =-09; g, .= .-.19). Mechanical reasoning
As for verbal abilities, comparisons were significant in favor Form-2 936 329 1015 377 1(659)=-187;p =.06 -.14[-29,00]
of girls in Form-2 (M, . = 13.76; M = 14.66; t(669) = 2.82; Form-3 898 294 1018 359  t(567)=-4.34;p<001 -36[-52,-.19]
p = .005), although the size of the effect was small (g = .21). The
. .. I Practical reasoning
rest of the comparisons were statistically non-significant; however,
. . Form-1 933 272 8.55 306 t(651)=342;p=.001 26[.11,42]
as expected, the values were higher for the female groups in both
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BPR forms (M, .com = 11.70; M,
1521, My, oo = 15:39).

In the mechanical reasoning scales, the boys scored higher than
the girls in the two forms in which this skill is assessed (M
= 1015’ MFemaleFormZ = 936’ MMaleFurm3 = 1018’ MFema]eForm—Z =
The greatest differences were associated with the older students
(Eporms = —-36).

In the spatial reasoning test, which contains items requiring
students to mentally rotate cubes, gender differences were observed
(p<.05). Whereas the mean scores were higher among females in
the 12-15 year-old group (M, = 11.02; M = 11.75; t(664)
=2.15; p = .03), the results were the opposite among students in
the older group, with males scoring higher than females (M, =
11.19; M, =10.54; t(573) = -2.01; p = .04). In both cases, the
differences were not of practical significance (g, . = .16; g, .
=-.16).

In the abstract reasoning tests, the girls scored higher in all cases
than the boys M, kot = 12.59; M. erormt = 13.00; M, ekorms =
14.64; MFemaleFormZ =15.10; MMalesFurmS =13.04; MFemaleForm3 =13.10),
but the differences were of neither statistical (p > .05) nor practical
significance (g, = 115 &u o = 125 8oy = O1)-

= 12.18; M =

FemaleForm1 MaleForm3

MaleForm2

Discussion

Validity refers to the degree to which evidence and theory
support the interpretation of test scores for proposed uses of
tests (AERA, APA, & NCMEA, 2014); given that the BPR, in its
different forms, was constructed to assess general cognitive ability,
the validation of the scores should provide arguments for the
conceptual framework that supports the BPR, that is, the structure
for reasoning.

In studying the internal structure of the three BPR forms,
homogeneity was first assessed for each partial scale. The
consistency indices ranged from .79, which was obtained
for Mechanical Reasoning Form-2, to the highest reliability
coefficients for the numerical reasoning scales in the three BPR
forms (o, =920, - =.93; 0, .=.88). These results agreed
with the reliability studies carried out with the BPR (Almeida &
Lemos, 2006; Baumgartl & Primi, 2006; Elosua & Mujika, in
press). The high values of the numerical reasoning scales may be
explained by the fact that the scales are the only ones that require
a constructed response instead of multiple choice items. As some
authors noted (Primi, Couto, Almeida, Guisande, & Miguel, 2012;
Primi, Rocha da Silva, Rodriguez, Muniz, & Almeida, 2013),
numerical reasoning scales also contain items that combine two
numerical sequences, which could require visualization to identify
both sequences.

The hypothesis of the presence of one dominant factor for
each partial scale was assessed by using item factor analysis on
the tetrachoric correlation matrices. The lowest values were
related to the mechanical reasoning scales, with percentages of
16% for Form-2 and 19% for Form-3. The percentage of variance
explained by the rest of the dominant factors ranged from .28 in the
abstract reasoning scale Form-2 to .48 in the practical reasoning
test Form-1. The values shown in the mechanical reasoning test
were somewhat lower than the 20% usually adopted to define scale
unidimensionality. Recent studies on BPR have suggested that
the heterogeneity of situations presented by the items may allow
students to respond through practical intuitive or tacit knowledge
and through a process of visualization (Amaral, Almeida, &
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Morais, 2014), which could generate the presence of a specific
factor associated with visual capacity (Lemos, Abad, Almeida,
& Colom, 2013; Primi, Rocha da Silva, Rodrigues, Muniz, &
Almeida, 2013).

According to the theoretical model on which the BPR was
built, a common general factor was predicted which would reflect
the importance of reasoning in the resolution of any of the test
tasks. The confirmatory factor analyses for each of the BPR
forms confirmed this hypothesis. The general factor explained a
percentage of variance of 60%, 44% and 42% for Form-1, Form-2
and Form-3, respectively. As noted by Almeida, Guisande, Primi
and Lemos (2008), the percentage of explained variance decreased
slightly as the students’ grade level increased and as the mechanical
reasoning scales, which lower coefficients in the general factor,
were included in the model. Similar results were confirmed by
Elosua and Mujika (in press) in a Spanish sample.

Gender differences in the structure of each form of the BPR
were assessed through a factorial invariance study. Configural
and metric invariance models provided a good fit to the data
in all of the BPR forms, but the results of the scalar invariance
models were not good. The analyses showed that none of the
BPR forms demonstrated scalar invariance across gender. Only
after freeing the numerical and mechanical reasoning parameters
were adequate adjustment indices obtained. In these cases, the
estimated parameters were higher in the male group. Focusing on
BPR Forms-2 and Form-3 (age range 13-22), it is interesting to
note that the results concur with earlier research conducted in a
Portuguese sample (Lemos, Abad, Almeida, & Colom, 2013), but
differ somewhat from the findings of a Spanish sample (Elosua &
Mujika, in press). The Spanish version of the battery confirmed
the gender invariance associated with mechanical reasoning, but
also found different intercept parameters in the abstract reasoning
test in Form-3. In studying the origin of the differences between
versions, it would be interesting to extend this research with an
in-depth analysis of the differential item functioning between the
three language groups in order to evaluate the existence of possible
biases related to translation or curriculum. It is important to point
out that despite divergences found in the partial scales, the three
samples (Spanish, Portuguese, Basque) concluded that there were
no differences in the general reasoning factor.

The results of the study of the observed differences in the partial
scales between male and female scores were consistent with meta-
analytic studies of gender differences. These studies concluded:
(a) higher scores for males in numerical abilities (Hyde, 2005;
Spelke, 2005), and (b) higher averages in verbal abilities among
females (Halpern, Benbow, Geary, Gur, Hude, & Gernsbacher,
2007), but with smaller effect sizes. The results were not as clear,
however, for abstract reasoning and spatial reasoning scales: (a)
No differences were found in abstract reasoning in any of the BPR
test forms, and the average scores were slightly higher among the
group of females; (b) In spatial reasoning, the differences found
between boys and girls were negligible (g<.16) and showed no
homogeneous pattern. The differences favored the females in
Form-2 M vo.o = 11.02; M - =11.75), but were reversed
in Form-3, with the males obtaining higher mean scores (M
=119 M e =10.54).

The mechanical reasoning tests warrant more detailed attention.
On the one hand, their unidimensionality was called into question
and on the other, these are the scales that produced the greatest
differences between genders (g = -.36). The mechanical and spatial

MaleForm3
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tasks included in the BPR can be considered part of the group
of visuospatial abilities at which literature has found males to
perform better (Voyer, Voyer, & Bryden, 1995) and with different
effect sizes depending on the task. Meta-analytic studies on spatial
visualization ability conclude that the greatest gender differences
are concentrated in mental cube rotation tasks; however, although
this is the type of task included in the spatial reasoning test, the
effects found in our study were negligible. This result, together with
the behavior of the mechanical reasoning test, turn the focus back
to two points of interest: (a) a more in-depth intercultural analysis
that enables us to explore the differences among populations where
the BPR is used, (b) the possibility that, together with the spatial
reasoning test, a factor associated with visual ability is created.

In sum, the empirical evidence supports the presence of a general
reasoning factor and is consistent with earlier studies on different

samples which suggest that mechanical and spatial reasoning tests
may define a group-specific factor. Differences between Spanish,
Portuguese and Basque samples affecting these results should be
further analyzed for differential item functioning. Although the
presence of a general factor was confirmed in the three samples,
the structure of the battery shows variations between samples; the
main aim of BPR was to construct items with the least possible
curricular baggage. The results reported open the door to a possible
source of differentiation.
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