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Abstract

Introduction. Differences in learning mathematics between boys and girls are being contro-
versial according to different studies. However, those divergences are not always supported
by empirical studies. One of the specific sources of difficulties on this topic is the fluency
calculation learning, where performance differences between boys and girls need be clarified
by new research, in order to gain more differentiated insights in possibly emerging gender
differ, because the social and gender consequences. The current study analysed the gender

differences in fluency calculation.

Method. Participants were students of second cycle of primary education (n = 138), aged
from 101-133 months old (8 year and 4 months to 11 year). Participants were 50 girls and 88
boys.

Results. Statistical analyses did not showed differences between boys and girls in the 3rd
grade of primary education. However, in the 4th grade the differences did reveal significant
differences in the fluency calculation task. These results were supported by effect size and

mutivariant analysis calculation.
Discussion and Conclusion. Data suggests a gender gap around aged 9 between boys and
girls, that would benefit boys in fluency calculation scores. Results, limitations and future

potential research of the topic are discussed.

Keywords: Fluency Calculation, Gender, Primary Education, Mathematical Skills
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Resumen

Introduccion. Las diferencias en el aprendizaje de las matematicas entre nifios y nifias son
controvertidas segun diferentes estudios. Sin embargo, esas divergencias no siempre son res-
paldadas por estudios empiricos. Uno de los aspectos especificos de dificultad es el aprendiza-
je en la fluidez de célculo: ser capaz de calcular con precision y rapidez. El presente estudio

analiz6 las diferencias de género en la fluidez de calculo.

Método. Los participantes fueron estudiantes de segundo ciclo de educacién primaria (n =
138), con edades comprendidas entre 101-133 meses (8 afios y 4 meses a 11 afios). Los partic-

ipantes fueron 50 nifas y 88 nifios.

Resultados. Los andlisis estadisticos no mostraron diferencias entre nifios y nifias en el 3er
grado de educacion primaria. Sin embargo, en el 4° grado, las diferencias se mostraron signi-
ficativas en la tarea de fluidez de calculo. Estos resultados fueron respaldados por el analisis

multivariante y el célculo del tamaio del efecto.
Discusion and Conclusion. Los datos sugieren una brecha de género en torno a los 9 afios
entre nifios y nifias, que beneficiaria a los nifios en las puntuaciones de fluidez de célculo. Se

discuten los resultados, las limitaciones y las futuras lineas de investigacion.

Palabras Clave: Fluidez de calculo, Género, Educacion Primaria, Habilidades Matematicas.
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Introduction

Adequate knowledge of mathematics is related to progress and future of society, and
institutions are therefore concerned with implementing actions to cope with difficulties that
may arise, among other reasons, because of the high cost involved the low mathematical
competence in the population (Hudson, Price, & Gross, 2009; Schreter-Joensen & Skyt-
Nielsen, 2010).

In order to compare student’s performance between different countries, one of the
most international prestigious educational report is PISA report (OECD, 2014). The last PISA
version provides information on students' knowledge and skills in dealing with problems and
activities of specific content, such as those related to mathematics and problem solving. For
some countries, the results are not truthfully satisfactory, and describes a condition that can be
worse over time. For example, the average score achieved in mathematical competence in for

the Spanish students do not reach the average values of OECD.

The importance of mathematical competence lies not only in the economic implica-
tions (productivity, employability, incomes...) it has on society (Schreter-Joensen & Skyt-
Nielsen, 2010). These competences are fundamental in every daily life, to carry out tasks as
simple as, for example, make a purchase. However, there is a lot of diversity in the students
according to what the level of mathematical competence is concerned. There are studies that
indicate that these differences among students appear in Early Childhood Education and that
basic competencies predict the performance in school some years later (Cerda, Pérez, Navar-
ro, Aguilar, Casas, & Aragon, 2015; Morgan, Farkas, Aunio, Heiskari, Van Luit, & Vuorio,
2015, Jordan, Kaplan, Ramineni and Locuniak & Wu, 2009). Currently, it is estimated that
between 3 and 8% of primary school children have some Math Learning Difficulty (MLD)
(Gonzalez-Castro, Rodriguez, Cueli, Cabeza, & Alvarez, 2014). There are several factors that
should have some empirically identified impact on children mathematics performance. Those
variables were identified as specific and general cornitive predictors of early mathematics.
Over the past decades relevant research could demonstrate students’ gender to contribute to
increase the differences in mathematical learning. First, those studies that highlights on the
existence of gender differences (Bedard & Cho, 2010; Dickerson, McIntosh & Valente, 2015,
Doris, O'Neill & Sweetman, 2013, Fryer & Levitt, 2010; Freeman, 2004, Geiser & Lehmann,
2008, Husain & Millimet, 2009, Jordan, Kaplan, Nabors-Olah & Locuniak, 2006 Levine et
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al., 2005 Penner & Paret 2008 Robinson & Lubienski, 2011). These studies locate the gender
gap between 9 and 10 years of age (Doris et al., 2013, Fryer & Levitt, 2010, Freeman, 2004,
Levine, Vasilyeva, Lourenco, Newcombe, & Huttenlocher, Lubienski, 2011) with children
showing the best skills in mathematics. According to this research, the gap would continue to
grow and, over time, would further differentiate boys from girls as development progressed
(Husain & Millimet, 2009; Penner & Paret, 2008; Robinson & Lubienski 2011). These differ-
ences would also be significant in later stages, i.e. during Secondary Education and in adult-
hood (Dee, 2007, Geary and Lehmann, 2008, Penner & Paret, 2008, Robinson & Lubienski,
2011) when differences would stabilize and the gap would remain constant and stable (Bedard

& Cho, 2010).

Second, other studies support the lack of gender differences in mathematics through-
out the life cycle (Aragon, Delgado, Aguilar, Aratjo & Navarro, 2013; Aragon & Navarro,
2016, Hyde, Lindberg, Linn, Ellis & Williams, 2008; Lachance & Mazzocco, 2006; Lindberg,
Hyde, Petersen & Linn, 2010; Navarro et al., 2010; Worell & Goodheart, 2006). These studies
would be in the line of work that Hyde (2005) called as hypothesis of gender similarity. Her
meta-analysis and a subsequent one (Lindberg et al., 2010) showed that gender was not a dif-
ferentiating factor between males and females in terms of mathematical abilities, and this
condition is extensive at any age or vital stage. Symbolic representation of magnitude is a
critical predictor of academic performance and is the basis of higher order skills, such as cal-
culation (Honoré & Noel, 2016). Consequently, algorithm proper use leads to success in
mathematics (Lyons, & Ansari, 2015). Also, the calculation is thought to provide a foundation
for solving problems (Fung, Swanson, & Orosco, 2014) that are present in daily life. Some
results differences should be consequence of methodological issues. In a well known study by
Tiedemann & Faber (1994) found decreasing gender differences in elementary math perfor-
mance variables, as well as varying gender differences in math subskills (e.g., Carr & Davies,

2001).

Regarding the out-findings on the literature about the existence or not of gender dif-
ferences in mathematical competence, the present work aims to verify the existence of a gen-
der gap in the second cycle of Primary Education (children age average is around 9 years), in
fluency calculation. Calculation was selected as the main aim because it is considered one of
the most important skills in carrying out an arithmetic operation, in a flexible, precise, effi-

cient and appropriate way (Kilpatrick, Swafford and Findell 2001). For this reason, fluency
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calculation is presented as criticalin problems arithmetic solving (Fuchs et al., 2006, 2010).
Problem solving is essential in everyday life, and often difficult for children of school age as

shown by PISA international performance assessment reports (OECD, 2014).

Consequently, if gender is seen as a differentiating factor between boys and girls in
fluency calculation, it should be appropriate to address this issue in order to propose actions to
decrease these differences, and provide the necessary educational support to girls to prevent

possible difficulties.

Aims and hypothesis

The main target of this study was analysing the impact of age (grade level) and gender
on students’ calculation skills. Related with this, the hypothesis was that differences between
girls and boys in mathematic performance should recue with grade level in Primary Educa-

tion.
Method

Participants

The participants were a total of 138 students whose ages ranged from 101 to
133 months (M = 113.36; sd = 7.06) and were distributed in 6 classrooms of Primary Educa-
tion (3™ and 4" grades). The school is located in Cadiz, (Spain) in a middle class socio-
economic level. Participants 64 students were in third grade (M = 107; sd = 3.35) and 74 were
in fourth grade (M = 118.86; sd = 7.06). Third year students, 20 were girls (M = 106.05, sd =
3.96) and 44 boys (M = 107.43, sd = 2.98). The fourth year, 30 participants were girls (M =
117.77, sd = 3.64) and 44 were boys (M = 119.61, sd = 4.45) (table 1). Those students who
showed special educational needs were removed from the total sample. Student participation

was voluntary and there was an informed consent of parents and teachers.
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Table 1. Age distribution according to grade and gender

n Min Max M sd
3" Grade 64 101 112 107 3.35
Girls 20 101 112 106.05 3.96
Boys 44 101 112 107.43 2.98
4™ Grade 74 113 133 118.86 4.22
Girls 30 113 127 117.77 3.64
Boys 44 113 133 119.61 4.45
Total sample 138 101 133 113.36 7.06
Total girls 50 101 127 113.08 6.89
Total boys 88 101 133 113.52 7.19

Instruments

Fluency Calculation. Test. For the present study, a Woodcock-Johnson III-Test of
Achievement (WJ-III-ACH) subtest was used to evaluate intellectual abilities and academic
achievement. A Spanish validated version named Spanish Version of the Woodcock-Johnson
Mathematics Achievement Tests (Battery III APROV) (Diamantopoulou, Pina, Valero-
Garcia, Gonzélez-Salinas & Fuentes, 2012) was completed. This test consists of 160 simple
arithmetic operations distributed in 16 rows with 10 operations each. All operations are pre-
sented on a sheet with two printed sides. On one side we find 80 operations, and on the back
side other 80 operations. The test assesses fluency in addition, subtraction and multiplication
operations of a single digit. The time of administration was 3 minutes. The evaluated student
must complete as many operations as possible. . As a criterion of reliability (internal con-

sistency), the test showed an alpha Cronbach value of a = .90.
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Procedure

Parents gave informed written consent for their child’s participation. An assessment
session was planned by class, as the activity was applied collectively. The total of the session
lasted ten minutes taking into account the duration of the test, the explanation of the instruc-
tion and the possible issues that arose before administration. The assessment session was car-
ry out in the ordinary classroom in which the students received regular classes during school
hours, taking into account the rest periods of the students. The instructions were that students
have to complete the tasks as quickly as possible and without mistakes; in case they had prob-
lems solving any math facts they were encouraged to continue with the next one. Attention

was also paid to mathematical signs to avoid errors, according to the test instructions.

Datal Analysis

The aim of this study was to analyze gender and grade differences in fluency calcula-
tion at Primary Education. The SPSS.22 version was used for data analysis. Through this
software, descriptive statistics of the sample were calculated and inferential analysis’ (Stu-
dent’s t-Test, and MANOVA test was calculated for comparions grade and gender was carried
ou to study differences between boys and girls. Also, the most used in Psychology research

Cohen’s effect size was calculated as complementary information.

Results

The main objective of the study was to analyze the existing gender and grade differ-
ences in fluency calculation at the beginning of the second cycle of Primary Education (3™
and 4" grades), in order to analyse if these differences were maintained or even increased at

the end of the cycle.

First, the students' performance in the provided fluency calculation test was descrip-
tively analysed. For this purpose, we studied the distribution of correct and incorrect respons-
es and efficacy in the fluency calculation test, being this the number of correct responses ob-

tained considering the correction due to the incorrect response (table 2).
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Table 2. Means (M), standard deviations (sd) for the students according to efficacy, correct
and incorrect responses.

Correct Responses Incorrect Responses Efficacy
M (sd) M (sd) (Correct-Incorrect)
M (sd)
3" Grade 50.98 (14.83) 2.28 (3.89) 48.70 (16.54)
4™ Grade 52.59 (12.63) .99 (2.14) 51.60 (13.37)

Then, when the scores are presented using gender as a differentiating criterion, there
were important differences between boys and girls. With regard to success and measure of
effectiveness, both boys and girls improve similarly (about two or three points a year). How-
ever, the data show how the performance of boys is higher than girls, even the performance of

boys in third was better than that of girls in fourth grade.
On the other hand, the incorrect responses followed a similar pattern that did not differ
according to gender. Both boys and girls made a similar proportion of errors that were signifi-

cantly reduced in the fourth year, decreasing them by half (table 3).

Table 3. Mean and standard deviations for participants based on gender and grade.

Boys Girls
3" grade 4™ grade 3" grade 4™ grade
M (sd) M (sd) M (sd) M (sd)
Correct 5332 (1544) 5552 (1287) 4585 (1223) 4830 (11.13)
Incorrect 232 (4.16) 1.07 (2.54) 220 3.31) 87 (:40)
Efficacy (C-T)* 51(17.39) 5445(13.88)  43.65(13.55)  47.43 (11.58)

To determine if the differences were significant on the fluency calculation test results,
a hypothesis test was performed for independent samples, the Student’s t-Test, and the effect

size was calculated. The results are shown in table 4.
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Table 4. Results of hypothesis contrast and effect size (Cohen’s d and r) for gender differ-

ences in fluency calculation.

3" grade 4" grade
p r d p r d
Correct .061 25 .53 .015%* 28 .60
Incorrect 911 .01 .03 .695 .05 .10
Efficacy .100 22 47 .026* .26 .54

*p<.05

Results of hypothesis contrast show the differences between boys and girls in the de-
scriptive analysis. This contrast was not statistically significant in the third graders (p < .061)
in correct responses and efficacy (p < .100). However, the differences in incorrect responses
were significant in fourth graders (p <.015) and in efficacy (p < .026). With regard to incor-
rect responses, there were no significant differences between boys and girls. The girls were
similar to the boys in third grade, and even more accurate than boys in fourth grade although

the number of operations performed was significantly lower.

Likewise, the size of the effect was calculated in order to analyse the results obtained
and the impact of the gender on the performance of fluency calculation. Cohen's d (1988), and
the Pearson's correlation coefficient were used as measures of the standardized effect size. For
its correct interpretation, Cohen (1988) introduced a series of ranges explaining the effect
size. According to the value d, the effect can be classified in: small effect (from r = .10; d =
.20), medium (from r = .24; d = .50), and large (from r = .37; d = .80). The 3rd grade results
showed a moderate effect size for incorrect responses in the fluency calculation test (r = .25; d
= .53) and small in efficacy (r = .22; d = .47). However, in 4th grade results were medium in
correct responses (r =.28; d = .60) and efficacy (r = .26; d = .54). No effect size was observed

on incorrect responses in any of the grade.

To obtain more information on whether the variable gender and grade was able to dif-
ferentiate the performance of boys and girls, a MANOVA analysis was carried out. This sta-
tistical calculation allows verifying if there were significant differences between the levels or
groups of a categorical-factor, by comparing of equality of means. For this calculations, we

used more than one factor (table 5).
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Table 5. Interaction gender and grade MANOVA analysis results

Effect F Sig.  Partial Eta

Squared
Gender Pillai's Trace 5.578 .005* .077
Grade Pillai's Trace 2.698 .071 .039
Gender-Grade  Pillai's Trace .003 999 .000
(*)p<.001

Lévene's test homoscedasticity was computed obtaining equal variance (p > 0.05) for
correct answers (F 3, 1349y = 1.18, p = .317); incorrect answers (F @, 134= 1.77, p = .154), and
efficacy (F (3, 134) = 1.27, p = .286). In this study, the Pillai’s trace was selected (table 4) as a
statistically robust criterion to assess differences between dimensions of the dependent varia-
bles. For this MANOVA, the multivariate contrasts obtained with the Pillai’s trace found dif-
ferences, based on the gender individually taken, but not grade. In addition, no significant
differences were founded according to the interaction of gender versus grade (F (gendery =

5.578, p <.05; F (grade) = 2.698, p > .05).

Tabla 6. Gender and grade MANOVA interaction effects.

Source Dependent Variable F  Sig. Partial

Eta

Squared

Correct 9.426 .003* .066

Gender Incorrect 082 .775 .001
Efficacy 7.491 .007* .053

Correct 946 332 .007

Grade Incorrect 5.379 .022* .039
Efficacy 1.900 .170 014

Correct .003 .959 .000

Gender - Grade Incorrect .006 .940 .000
Efficacy .004 950 .000

(*)p<.05

Intersubjects MANOVA effects indicated that based on the method, there were some
statistical significant differences. The gender showed a significant effect in correct answers

(F=19.42; p = .003), and efficacy (F = 7.49; p = .007). The grade showed a significant effect
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only in incorrect aswers (F = 5.37; p = .022). No significant differences were founded in gen-
der-grade interaction. Table 6 shows the effect size calculating means of the Statistic partial
eta Squared. This establishes the effect differences in the following way: np> = 0.02 small; np?
= 0.13 medium and np? = 0.26 large (Bakeman, 2005). Consequently, the effect of gender was
small in corrects responses (np> = .066) and efficacy (np> = .053). Considering grade, the dif-

ference in errors (np? = .039) had also a small effect size value.

Discussion or Conclusions

Skills in mathematics, and specifically in fluency calculation, are a convenient re-
source in people's lives, because they are involved in many daily activities (Fuchs et al.,
2010). This feature is one of the main reasons for improving calculation skills. Calculation is
not limited to the memorization of numerical facts, but require the acquisition and manage-
ment of rules and concepts that result in an adequate and fluency calculation (Baroody, Ba-
jwa, & Eiland, 2009). Therefore, the interest of researchers is analysing what factors may in-

fluence a higher or lower performance in calculation.

Overall, the descriptive analyses presented in this study showed an improvement in
fluency calculation related to the academic grade, and age. Specifically, it was observed how
from one grade to the next, the correct responses’ mean and efficacy in calculation signifi-
cantly increased, while at the same time the numbers of incorrect responses decreased. There-

fore, fluency calculation become more precise.

Other concern about calculation is the controversial about gender differences existing
throughout third and fourth grade of Primary Education in fluency calculation. Both school
grade are considered essential to this line of research that maintains differences between boys
and girls, as the gap would be around age 9 (Doris et al, 2013; Fryer & Levitt, 2010; Freeman,
2004 Levine et al., 2005; Robinson & Lubienski, 2011). Results in this study support gender
differences in 3 grade (M = 107 months, i.e. 8.9 years), but do not become statistically sig-
nificant (p > .05). However, in the 4" grade (M = 118.86 months, i.e. 9.9 years) significant
differences were found (p < .05). These results were maintained by the mulivariant analysis.
Considering gender a significant effect in correct answers and efficacy in fluency calculation
task was found, but effect size was small. However, no significant differences were founded

in efficacy and correct answers considering grade, and gender-grade interaction. That would
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be explained as at that age girls begin to show a characteristic and distinctive profile in math-
ematic.

On the other hand, the size of the effect also showed quantitative information on the
magnitude of these existing differences between boys and girls. First, the effect size (Cohen’s
d) for the correct responses in the test was moderate in both grades, increasing in the latter.
Second, with regard to efficacy, the size of the effect (Cohen’s d) changed from small, in the
third year, to moderate effect in the fourth year. These results support the existence of a gen-
der gap that it seems to increase as the age advances. Thirdly, with respect to incorrect re-
sponse, it appears that there were no differences between boys and girls. Possibly, the differ-
ences were focus on fluency rather than accuracy when performing the calculation. Other po-
tential explanative perspective comes up from prominent research lines, concerning the role of
social-cognitive or cognitive-motivational factors (self-beliefs) to explain differences (e.g.,
Frenzel, Pekrun & Goetz, 2007; Stipek & Gralinski, 1991; Ross, Bruce & Scott, 2012;
Weidinger, Steinmayr & Spinath, 2018).

Acquisition of such fluency calculation in basic math facts is critical for more com-
plex tasks solving, such as multi-digit operations (Kilpatrick et al., 2001). Consequently, if
girls show less fluency when carrying out simple computation, the more complex calculations
are, the more the difficulty will be. Consequently an increasing gender difference should be

expected.

Although the analyses carried out in this study emphasized the differences in fluency
calculation in 4™ grade of Primary Education among boys and girls, we would like to point
out some of the limitations of the study. Regarding to methodological weaknesses, we can
mention those related to randomness and sample size. In fact, this study is presented as pre-
liminary, with the purpose of expanding the sample of participants. In adition, a comparison
with other grades in primary education should be convenient, specialy between 1% and 6™
grades, using a longitudinal design. Thus, it would confirm whether differences persist or
even increase as school grades and the age of students grows. This should be expected accord-
ing to previous research (Bedard & Cho, 2010; Dickerson, McIntosh & Valente, 2015; Doris,
O'Neill & Sweetman, 2013), and results obtained in this study.
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