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Resumen 

Introducción. El objetivo principal de este estudio fue: a) investigar si los estilos cognitivos y 

la capacidad de memoria de trabajo puede predecir el rendimiento matemático y qué variables 

son más importante para predecir el rendimiento matemático, y b) para explorar si los estilos 

cognitivos y la capacidad de memoria de trabajo puede predecir el rendimiento matemático 

cuando se controlan el impacto del conocimiento previo de los estudiantes de matemáticas y 

la cantidad de tarea de matemáticas terminada. 

Método. La muestra de 183 niñas de la escuela K9 (15-16 años) fueron probados en (1) el 

estilo cognitivo de Witkin (Grupo de pruebas Figura Embedded) (2) Digit Span Backwards 

prueba (3) Cuestionario Homework (4) examen de Matemáticas. Los datos de esta investiga-

ción se analizaron mediante regresión múltiple estándar de SPSS. 

Resultados. Los resultados obtenidos de la regresión estándar indicaron que ambos predicto-

res fueron correlacionados con el rendimiento matemático y consistentemente predijeron el 

rendimiento matemático. Además, los coeficientes estandarizados indicaron que el estilo cog-

nitivo (β = .58) fue más fuerte predictor de rendimiento matemático que la capacidad de me-

moria de trabajo (β = .43). Después de controlar los conocimientos de estudiantes de matemá-

ticas 'anterior y la cantidad de tarea de matemáticas terminado, las pruebas de regresión 

múltiple mostraron que el estilo cognitivo y la memoria de trabajo seguían siendo significati-

vos predictores del desempeño matemático, pero los efectos de estas variables sobre el rendi-

miento matemático disminuido a .21 y .10, respectivamente. 

Discusión y conclusión. De acuerdo con los resultados obtenidos, hacer la tarea de matemáti-

cas y los conocimientos de matemáticas previos, puede disminuir los efectos negativos de ser 

dependiente de campo y la baja capacidad de memoria de trabajo, en el rendimiento matemá-

tico de los estudiantes. 

Palabras clave: estilo cognitivo; capacidad de memoria de trabajo; conocimiento matemático 

previo; cantidad de tarea de matemáticas terminada; rendimiento matemático. 
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The role of mathematical homework and prior knowledge 

on the relationship between students’ mathematical per-

formance, cognitive style and working memory capacity 

Abstract 

Introduction. The main objective of this study is (a) to investigate whether cognitive styles 

and working memory capacity could predict mathematical performance and which variable is 

relatively most important in predicting mathematical performance and b) to explore whether 

cognitive styles and working memory capacity could predict mathematical performance when 

the impacts of students’ prior math knowledge and the amount of math homework completed 

are controlled. 

Method.  The sample of 183 K9 school girls (15-16 years old) were tested on (1) the Witkin’s 

cognitive style (Group Embedded Figure Test) (2) Digit Span Backwards Test (3) Homework 

questionnaire (4) Mathematics exam. Data of this research was analyzed by standard multiple 

regressions from SPSS (Statistical Package for the Social Sciences) software. 

Results. Results obtained of standard regression indicated that both predictors were correlated 

with mathematical performance and consistently predicted mathematical performance. Also, 

standardized coefficients indicated that cognitive style (β=.58) was stronger predictor of 

mathematical performance than working memory capacity (β=.43). After controlling for stu-

dents’ prior math knowledge and the amount of math homework completed, finding of stan-

dard multiple regressions showed that cognitive style and working memory were still signifi-

cant predictors of mathematical performance but the effects of these variables on mathemati-

cal performance decreased to .21 and .10, respectively. 

Discussion and Conclusion. According to results obtained, doing math homework and hav-

ing high prior math knowledge may diminish the negative effects of being field dependent 

and having low working memory capacity on students’ mathematical performance. 

Keywords:  Cognitive style. Working memory capacity. Prior math knowledge. Amount of 

math homework completed. Mathematical performance. 
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Introduction 

 

The review of the literature discovers a consensus that, generally, cognitive style 

(FD/I) and working memory capacity predict mathematical performance. The majority of pre-

vious researches are correlational. That is, the effects of psychological variable (working 

memory and cognitive style) on mathematical performance were explored directly.  It seems 

that the association between these factors and mathematical performance may be moderated 

by exogenous factors such as homework completion and prior math knowledge.  It will thus 

be of interest to investigate the relationship between working memory and cognitive style 

with mathematical performance while controlling for students’ prior math knowledge and the 

amount of math homework completed by them. 

 

Field Dependence/Independence cognitive style  

Cognitive style reflects an individual’s preferred way of actively processing and trans-

forming incoming information, categorizing new knowledge, and integrating it within the 

memory structure. It includes field dependence or independence, scanning, categorizing, con-

ceptualization, simplicity or complexity, reflectivity or impulsivity, risk taking or cautious-

ness, and visual or kinesthetic preferences. Among the dimensions of cognitive style that have 

been identified to date, field dependence/independence (FD/I) has received most attention, 

particularly with regard to its educational implications (Quiroga & González, 1988). 

 

 FD/I or disembedding ability refers to the degree of field dependence/ field independ-

ence, and represents the ability of a subject to dissembed information in a variety of complex 

and potentially misleading instructional context (Pascual-Leone, 1989; Witkin, Dyk, Paterson, 

Goodenough & Karp, 1974). FD/I describes learners along a continuum such that individuals 

at one end are considered to be field dependent (FD), and individuals at the other end field-

independent (FI). Individuals who fall in the middle of the continuum are characterized as 

field-mixed (FM) (Liu & Reed, 1994). Some subjects are dominated by any strong frame of 

reference so that, they have difficulty perceiving elements that cut across the pattern. These 

subjects are characterized as field-dependent, because they insufficiently separate an item 

from its context and accept the dominating field or context. On the other hand, subjects who 

can easily separate an item from its context are characterized as field-independent (Witkin & 

Goodenough, 1981). Field-independent subjects possess more analytical abilities and tend to 
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‘break’ information, paying attention to the partial, while field-dependent subjects focus their 

attention preferably upon the global aspects of the given information (Grigorenko & Stern-

berg, 1995; Tinajero & Páramo, 1998). Therefore, FD/I cognitive style appears important in 

learning science: problem-solving and conceptual understanding (Bahar & Hansell, 2000; 

Kang, Scharmann, Noh & Koh, 2005; Tsaparlis, 2005).   

 

Several instruments have been developed to assess the FD/I construct, including the 

widely used Embedded Figures Test (EFT), the Rod and Frame Test (RFT) and the Group 

Embedded Figures Test (GEFT) (Witkin et al. 1971). The GEFT is a traditional visuo-spatial 

test that involves figure ground segregation, which requires observers to find simple figures 

hidden in complex visual configuration.  

 

Cognitive style has been reported to be one of the significant factors that may impact 

students’ achievement on various school subjects (see, Murphy, Casey, Day, & Young, 1997; 

Cakan, 2000; Altun & Cakan 2006). Tinajero and Páramo (1998) investigated the relationship 

between cognitive styles and student achievement in several subject domains (English, math-

ematics, natural science, social science, Spanish, and Galician).  With the sample of 408 mid-

dle school students, the researchers asserted that cognitive style was a significant source of 

variation in overall performance of students. That is, field independent subjects outperformed 

their field dependent counterparts. Nasser and Carifio (1993) attributed the superiority of 

field-independent subjects to their ability to break the problem into its parts, their tendency to 

pay attention to details and their restructuring abilities. The relationship between FD/I and 

mathematics has been the subject of particular interest, since mathematics is seen as an activi-

ty requiring a high level of disembedding or restructuring ability (Witkin, Moore, 

Goodenough, et al., 1977).  

 

The general finding is that field independent students display superiority in mathemat-

ics achievement compared to field dependent students. Witkin and Goodenough (1981) dis-

cussed cognitive restructuring as an aspect of field dependence independence. Field inde-

pendent individuals have easier time restructuring information from their environment in a 

problem solving situation. Therefore, it would be expected that field independent students 

would have an advantage over field dependent students in solving mathematical word prob-

lems. Solutions to such problems often require cognitive restructuring. Other researchers have 

also demonstrated the importance of field dependency in science education and mathematical 
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problem solving, in particular word problems (Alamolhodaei, 2002, 2009; Ekbia & 

Alamolhodaei, 2000; Johnstone & AI-Naeme, 1991; Witkin & Goodenough, 1981). In a more 

recent study, with the sample of 161 school girls (13–14 years old), Alamolhodaei (2009) also 

found that field independent students achieved higher results in both an ordinary mathemati-

cal exam and a word problem solving exam. Therefore, recent studies showed that cognitive 

styles (FD/I), which are based upon individual differences, had a significant and positive as-

sociation with students’ mathematical performance.   

 

Working Memory  

The concept of working memory that has been widely used in cognitive science refers 

to the human limited capacity system, which provides both information storage and pro-

cessing functions (Atkinson & Shiffrin, 1968), and is necessary for complex cognitive tasks, 

such as learning, reasoning, language comprehension, and problem solving. Baddeley and 

Hitch (1974) advocated that temporary memory processes, despite of involving dedicated 

memory systems, should be viewed within the context of more general cognitive mechanisms. 

 

 According to Baddeley' s (Baddeley & Hitch, 1974; Baddeley & Logie, 1999) multi-

component model, the three primary components of working memory are (a) the central exec-

utive, which is considered to be primarily responsible for the coordinating activity within the 

cognitive system and managing tasks in working memory, (b) the phonological loop, which is 

responsible for the temporary storage of verbal information (verbal working memory); items 

are held in a phonological store of limited duration, and the items are maintained within the 

store via the process of articulation, and (c) the visual–spatial sketchpad, which is responsible 

for the storage of visual–spatial information over brief periods(visual working memory), and 

it also plays a key role in the generation and manipulation of mental images.  

 

Both the phonological loop and the visual–spatial sketchpad are in direct contact with 

the central executive.  Central executive devotes some of its resources to increasing the 

amount of information that can be held in the two other components.  Also, it is believed to 

support a variety of activities including controlling the flow of information through working 

memory, the retrieval of knowledge from long-term memory, the control of action and the 

scheduling of multiple concurrent cognitive activities (e.g ., Baddeley , 1996 ;Baddeley & 

Hitch, 1974; Baddeley, Emslie, Kolodny, & Duncan, 1998 ). In a recent reformulation of the 
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model, Baddeley (2000) proposed a fourth component, the episodic buffer, which is a limited 

capacity system that integrates and provides temporary storage of information from the two 

subsystems and long-term memory. The working memory capacity of the students was as-

sessed by means of the digit backward span (DBS) test, which is part of the Wechsler Adult 

Intelligence Scale (Wechsler, 1955).  

 

Several researches indicated that individuals with higher levels of working memory 

capacity (WMC) perform better on learning tasks because they have more cognitive resources 

(Daneman & Carpenter, 1980; Mayer, 2001; Mousavi, Low, & Sweller, 1995).  Working 

memory is implicated in academic performances, including reading comprehension and math-

ematics in both children and adults (Swanson, 1994). Many recent studies support the notion 

that working memory is related to arithmetic performance ( Fürst & Hitch, 2000; Heathcote, 

1994; Kyoung- Min & So-Young , 2002; Logie, Gilhooly, & Wynn, 1994; Alamolhodaei, 

2009), mathematics problem solving (Cary & Carlson, 2001; DeStefano & LeFevre, 2004; 

Klein & Bisanz, 2000; Seitz & Schumann-Hengsteler, 2000; Swanson, 2004; Swanson & 

Beebe-Frankenberger, 2004; Alamolhodaei, 2009), and even mathematics anxiety (Ashcraft 

& Kirk, 2001).For example, studies reported by Adams and Hitch (1998) suggested that men-

tal arithmetic performance relies on the resources of working memory. It seems that a major 

source of mathematical misunderstanding and errors should be sought in memory transfor-

mation and subjective organization (Alamolhodaei, 2009). In addition, Ekbia and 

Alamolhodaei (2000) reported that schoolboys with higher WM capacity were more success-

ful than those with lower WM in the mathematical problem solving, particularly word prob-

lems. In another study, engineering students with high WM capacity achieved significantly 

better results than those with lower WM in the university mathematics exam (Alamolhodaei 

& Ghazvini, 2003). Working memory is also important for mathematical problem solving on 

arithmetic word problems. Passolunghi and Siegel (2001) concluded that Grade 4 children 

who are poor at problem solving have significant difficulty with central executive tests of 

working memory and with digit span, which is often used as a measure of the phonological 

loop (e.g ., Gathercole et al., 2004 ). 

 

 Also, studies reported by Mabbot and Bisanz, (2008) suggested that digit span back-

ward, that is most often described as a measure of both the phonological loop and the central 

executive (Rosen & Engle, 1997), specifically distinguishes children with severe math diffi-

culties from both children with less severe math difficulties, and children with typical 
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achievement in mathematics.  There is also some evidence that mathematically disabled stu-

dents scored significantly lower on WM Span Tests. Thus, reduced working memory capacity 

is implicated in mathematics (Geary et al. 1991). 

 

Homework and prior math knowledge as control variables 

Homework has been defined simply as “tasks assigned to students by school teachers 

that are meant to be carried out during non-school hours” (Cooper, 1989). Teachers assign 

homework for many different reasons, although researchers have noted that most assignments 

usually serve multiple purposes. Homework provides an opportunity for students to extend 

and reinforce material that has already been presented in class (Cooper, 2007; Paulu, 1998) 

and for teachers to extend the time for learning beyond the hours of formal schooling. It may 

also be to prepare students in advance for work to be done in class the next day or later on, so 

that they obtain maximum benefit when the new material is covered in class (Mulhenbruck, 

Cooper, Nye &Lindsay, 1999) or involve them in the transfer of previously learned skills to 

new situations (Lee & Pruitt, 1979) or other areas of interest (Cooper et al., 2006; Shellard & 

Turner, 2004).  

Using meta-analytic strategies, Cooper (1989) analyzed 17 experimental and quasi-

experimental studies conducted between 1962 and 1987. He concluded that academic 

achievement in classes where homework was assigned was higher than that in no-homework 

classes, and found an overall effect of d = 0.21 favoring homework over no homework. The 

effect of homework assignment was stronger in higher grades (Grades 4–6: d=0.15; Grades 7–

9: d=0.31; Grades 10–12: d =0.64) and weaker in mathematics (overall d = 0.16). In addition, 

Hallam (2004) in her review of studies done on homework suggested that homework should 

be clearly related to ongoing classroom work, be varied, be manageable, be challenging but 

not too difficult, allow for individual initiative and creativity, promote self confidence and 

understanding and there should be recognition or reward for work done and guidance and 

support to complete the work. In Iran, in most mathematics lessons, teachers assign their stu-

dents homework on a regular basis, i.e., after every lesson or after every two or more lessons. 

Also, according to previous researches (e.g., Aminzadeh & Sarmad, 2009) due to the changes 

in the content of the math textbooks and also the more abstraction of the context in compari-

son with elementary mathematics, parents are not capable of helping their children. So, 

homework is usually meant to be done alone. Homework is most frequently done at home, but 
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it may be done in school during study periods or after school hours in the library, or anywhere 

the student so wishes to do. 

According to Ausubel’s theory of meaningful (1963), new knowledge, if it is to be 

meaningful, would need to be incorporated, or subsumed, into existing knowledge structures 

(Ausubel, 1963, 1968). Meaning occurs when new knowledge is tied to relevant concepts and 

propositions in the learner’s cognitive structure. It is from this relationship, or linking, with 

pre-existing concepts that a new concept is understood. If more meaningful materials are an-

chored to the existing cognitive structure, they are better learned and better retained. The most 

important fact for meaningful learning is what learners already know. As Ausubel advises 

(Ausubel, Navak, & Hanesian, 1978), “If I had to reduce all of educational psychology to just 

one principle, I would say this: The most important single factor influencing learning is what 

the learner already knows. Ascertain this and teach him accordingly”. 

 

 Since prior knowledge is regarded as the critical factor influencing learning and aca-

demic achievement and also, several researchers showed that prior math knowledge is the 

most important predictive variable in math performance in comparison to the other variables 

under study (Bandura, 1997) then we consider this factor and variable of the amount of math 

homework completed as covariates in models to explore the main effects of cognitive style 

and working memory capacity on mathematical performance. 

 

Research framework 

Our research question is: Which psychological variables predict mathematical perfor-

mance among adolescents? The review of the literature reveals a consensus that, generally, 

cognitive style (FD/I) and working memory capacity predict mathematical performance. For 

example, it was found that FI students tend to get higher results than FD students in calculus 

problem solving at university level. Moreover, school students with FI cognitive style 

achieved much better results than FD ones in mathematical problem solving, in particular 

word problems (Alamolhodaei, 2002). Therefore, recent studies showed a positive relation-

ship between cognitive styles (FD/FI) and students’ mathematical performance (Witkin and 

Goodenough 1981; Talbi 1990; Johnstone and Al-Naeme 1991, 1995; Alamolhodaei 1996; 

Ekbia and Alamolhodaei 2000; Alamolhodaei 2002; Alamolhodaei 2009).  



Shima Mousavi et al. 

 

- 1232  -                         Electronic Journal of Research in Educational Psychology, 10(3), pp: 1223-1248. ISSN: 1696-2095. 2012, no. 28 

Also, past researches has investigated the underlying cognitive processes that contrib-

ute to individual differences in math performance, the most investigated of which appears to 

be working memory. Several studies have shown that the processes involved in working 

memory, namely, temporary retrieval, processing, and storage, explain much of the variance 

in math performance (e.g., Adams & Hitch, 1998; Ashcraft, 1995; Brainerd, 1983; Hitch, 

1978). Individuals who are more efficient and adept in carrying out these processes are likely 

to perform better on tests of math performance. So, our study will determine the strongest 

predictors of mathematical performance in a general population sample of 183 k9 high school 

girl students.  

It is hypothesized that prior knowledge will directly predict academic performance be-

cause historically students’ performance on standardized tests has been considered an optimal 

predictor of their subsequent success in school.  For example, Pajares’s findings (1996) show 

that pervious attainments in math are strong predictors of subsequent mathematical perfor-

mance. Bandura (1997) attributes a very important role to prior knowledge and its effect on 

students’ subsequent attainment. He also emphasizes the inclusion of prior knowledge in 

causal analyses. Since, in recent studies the effect of students’ prior knowledge was not con-

sidered in relationship between given psychological variables and mathematical performance 

then the researchers of this study used this factor as covariate in models. 

Homework likely has a significant impact on students’ educational trajectories. Most 

educators believe that homework can be an important supplement to in-school academic ac-

tivities (Henderson, 1996). Homework provides an opportunity for students to extend and 

consolidate what they have learnt in school. Since, reinstating and consolidating the previous 

learned math skills and conceptual may decrease overloading on working memory capacity. 

Therefore, it seems to the researchers of this study that homework completion may moderate 

the effects of working memory capacity and cognitive style on mathematical performance. So, 

in this study researchers investigated the possible relationship between these factors while 

controlling for math prior knowledge and the amount of math homework completed.  

Therefore, our hypotheses are as follows: 

Hypothesis 1. Given the strong theoretical support in the literature, cognitive style and 

working memory capacity are expected to be significant positive predictors of mathematical 

performance. 
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Hypothesis 2. Given the strong theoretical support in the literature, cognitive style and 

working memory are expected to be significant positive predictors of mathematical perfor-

mance when the effects of the amount of math homework completed by students and their 

prior math knowledge are controlled. 

 

Method 

Participants 

A total of 209 k9 high school female students (aged 15-16 years old) from 8 classes 

from public schools of Esfehan province (Shahreza city), participated in the study. The data 

from 26 students, who failed to complete the tests, were dropped from the analyses, leaving 

183 students in the final sample. For this purpose, stratified random sampling design was 

used. This study was conducted during regular school hours in intact classes in October and 

November of the 2011/2012 school year. 

Instruments 

The research instruments were: 

Homework questionnaire.Mathematics homework completion was measured by one 

item dealing with amount of percentages of mathematics homework completed: “How many 

percentages of your mathematics homework do you complete really?” Response categories 

were 25% (coded -1), 50% (coded 0) and 75% (coded 1). This item is similar to the most 

widely used measure of students’ quantity of homework in prior research (Cooper et al., 

1999).  

 

Digit span backwards test (DBT).For the measurement of the student’s working 

memory capacity (WMC), DBT has been quoted as the normal test (Case 1974; Scardamalia 

1977; Al-Naeme 1989, Niaz, 1988; Talbi 1990; Johnstone et al. 1993; Alamolhodaei, 2009; 

Raghubar et al., 2010). The sequence of numbers were presented by an expert and the stu-

dents are asked to turn the numbers over in their mind then reproduce the sequence in the re-

verse order of presentation and write it down from left to right on their answer sheets. Stu-

dents were tested by DBT two times within 2 months as a test and retest. WMC was originally 

has five plus or minus two storage unit.  
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Group-Embedded Figures Test (GEFT). The GEFT (Group Embedded Figures Test) 

created by Oltman et al. (1971) translated to Greek was used to measure FD/I. The GEFT is a 

common test used in similar studies to measure field dependence/independence. The GEFT 

examines subjects’ ability to identify a simple figure which is embedded in a more complex 

pattern. There are 8 simple and 20 complex figures, which make up the GEFT.  The estimate 

of reliability of the GEFT is .82 (Witkin, Oltman, Raskin, & Karp, 1971). Students’ cognitive 

styles were determined according to a criterion used by (Scardamalia 1977; Case 1974; Case 

and Globerson 1974; Johnstone et al. 1993; Alamolhodaei 1996, Alamolhodaei 2002, 2009).  

Prior mathematics knowledge.The students' mathematics score on the math test ad-

ministered at the end of the previous academic year (year 2010-2011) was used as the index 

of students’ prior math knowledge. 

Mathematics exam.Math exam was an ordinary class exam that was consisted of 18 

questions based on freshman high school math syllabi. This exam is designed with coopera-

tion and monitoring students’ teachers by the researchers during two weeks. 

Procedure 

In this study, the GEFT (Group Embedded Figures Test) created by Oltman et al. 

(1971) was used to measure FDI. The FDI score for each student was the total number of em-

bedded figures that were correctly. Each correct answer was assigned one point. Within the 

next week, another test was administered to the subjects, to measure working memory capaci-

ty. The tests were conducted in the regular classroom during scheduled class time and direc-

tions were read aloud to students. Beside, students’ prior math knowledge score were col-

lected from their schools at the beginning of semester. In addition, at the end of 6th week, the 

homework questionnaire was administered to the participants to identify the amount of per-

centages of mathematics homework completed by them. Table 1 shows this distribution. Fi-

nally, with the assistance of the various teachers whose classes were used for the study, the 

sample members were administered a mathematics test in order to assess their math perform-

ance at the end of two months. 
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Table1. The distribution of groups of the amount of math homework completed by  

students over the sample 

Group 25% 50% 75% 

Total n = 31 n = 78 n=74 

n = 183 16.9% 42.6 % 40.4% 

 

Data analysis 

 

Data of the present study were analyzed by descriptive and inferential statistics. Table 2 pre-

sents the means (M), standard deviations (SD) and score ranges for all variables in the study.  

Hypotheses of the study were analyzed by standard multiple regressions with the Statistical 

package for the Social Sciences (SPSS). 

 

Table2. Means, standard deviations and ranges of variables for total sample (183). 

 Mean (M) SD Score range 

1.Mathematical performance 13.13 4.86 18 

2.WMC 3.80 1.07 4 

3.Prior math achievement 16.66 3.33 10 

4.GEFT score 7.00 3.6 16 

 

Results 

 

 Correlations among variables (see Table 3) for the total sample showed that working 

memory was positively and moderately correlated with cognitive style (r = .40). Also, The 

Pearson’s correlation between these psychological variables was significant at the 0.01 level. 

The significant correlation among the two variables are not surprising, given the correlation 

found in previous research using similar scales such as Alamalhodaie’s (2009)  study (work-

ing memory and cognitive style, r = .50). The correlations between mathematical performance 

(the dependent variable) with working memory and cognitive style generally conformed to the 

study hypotheses. That is, cognitive style had a strong positive correlation with mathematical 

performance(r=.58), also there was moderate positive correlation between working memory 

and mathematical performance(r =.43). 
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Table3. Correlations among study variables 

 1. 2. 3. 4. 5. 

1.Mathematical performance 1     

2.WMC 0.43
a 

1    

3.Prior math knowledge 0.78
a 

0.35
a 

1   

4.GEFT score 0.58
a 

0.40
a 

0.47
a 

1  

5.Amount of math homework completed 0.53
a 

0.21
b 

0.46
a 

0.31
a 

1 
a Correlation is significant at the 0.001 level 
b Correlation is significant at the 0.01 level 

 
To explore which variables were relatively most important in predicting math perfor-

mance, standard regression analyses were performed by entering the variables that correlated 

with math performance (working memory capacity and cognitive style) and assessing their 

relative contribution to mathematical performance (see Table 4). Models 1 and 2 report the 

bivariate regressions or the effect of each psychological variable on mathematical perfor-

mance. With all the variables standardized, these coefficients represent a measure of effect 

size. A one standard deviation increase in working memory capacity was associated with a 

0.43 standard deviation increase in mathematical performance (p < 0.001). A one standard 

deviation increase in cognitive style was associated with a 0.58 standard deviation increase in 

mathematical performance (p < 0.001).  

 

Models 3 and 4 included working memory variable as predictor but prior math 

knowledge and amount of math homework completed were used as covariates, respectively. 

When controlling for prior math knowledge, the size of the coefficient for working memory 

decrease to 0.17 (p < 0.001). However, this size fell to 0.32 (p < 0.001) after the effect of 

amount of math homework completed was adjusted. 

 

 Models 5 and 6 included cognitive style with prior mathematics knowledge and the 

amount of math homework completed controls, respectively. In model 5, the size of the re-

gression coefficient reduces to 0.26 when the influence of prior math knowledge was con-

trolled. In model 6, this coefficient fell to 0.46 but remained significant at 0.01 level.  Model 7 

included all two psychological variables in the same regression but no covariates. In Model 7 

cognitive style had a larger regression coefficient in contrast with working memory capacity 

(0.49, p < 0.001).  In model 8 and 9, multiple regressions was conducted by entering working 

memory and cognitive style as predictors with prior math knowledge and the amount of math 

homework completed were used as covariates, respectively. After the adjustment for the 
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Table 4. Standard regression models for students’ mathematical performance 

)10) (9) (8) (7) (6) (5) (4) (3) (2) (1)  

 β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B β SE 

B 

B  

          Predictors 

.10b .20 .46 .11b .21 .49 .19b .26 .85 .23a .28 1.03     .32a .27 1.46 .17a .21 .76  .43a .30 1.92 WMC 

.21a .06 .29 .23a .07 .31 .39a .08 .53 .49a .08 .67 .46a .08 .63 .26a .06 .36     .58a .08 .79  Cognitive 

style 

           

Controls 

.57a .07 .85 .64a .07 .96    .67a .07 .99    .73a .07 1.09   Prior math 

achievement 

.17a .31 1.14  .36a .38 2.47  .38a .39 2.61    .46a .40 3.13    Amount of 

math home-

work 

 1.1 -5.1  1.14 -6.89  .96 5.61  1.05 4.51 .58 8.16 1.05 6.87 1.07 -5.90 1.17 -7.98 .64 7.57 1.19 5.79 Constant 

 

.70 

 

.67 

 

.49 

 

.38 

 

.47 

 

.68 

 

.38 

 

.65 

 

.33 

 

.18 

 

Adjusted R2 

 

183 

 

183 

 

183 

 

183 

 

183 

 

183 

 

183 

 

183 

 

183 

 

183 

 

N 

a Correlation is significant at the 0.001 level  b Correlation is significant at the 0.01 level 
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amount of math homework completed, results showed that the beta weight of cognitive style 

and working memory decrease to 0.39 (p < 0.001) and 0.19 (p < 0.01), respectively. But the 

both of these coefficients remained statistically significant. In addition, in model 9,when con-

trolling for the effect of prior math knowledge, these coefficient for cognitive style and work-

ing memory diminish to 0.23 (p < 0.001) and 0.11(p < 0.01), respectively.  

 

Along with all two psychological variables, Model 10 included prior mathematics 

knowledge and the amount of math homework completed controls. The size of the coefficient 

for cognitive style fell to 0.21 but remained statistically significant at 0.001level. Also, the 

size regression coefficient for working memory decrease to 0.10 but was still significant at 

0.01level. Finally, standardized coefficients indicated that both predictors were positively 

correlated with mathematical performance and also, cognitive style was stronger predictor of 

math performance than working memory. 

 

Discussion and Conclusions 

 

Mathematics educators have long recognized the unique differences among individu-

als and the impact these differences can have on learning and performance. Concern for these 

differences led to research on the cognitive variables that individuals possess. The cognitive 

style, field dependence/independence, (Witkin, Moore, Goodenough, & Cox, 1977) and work-

ing memory (Swanson, 1994; Fürst & Hitch, 2000; Heathcote, 1994; Kyoung-Min & So-

Young, 2002; Logie, Gilhooly, & Wynn, 1994) have been recognized as having widespread 

implications for education. Therefore, the first purpose of this study was 1) to investigate 

whether cognitive styles and working memory capacity could predict mathematical perfor-

mance and 2) to explore which variable was relatively most important in predicting math per-

formance. So, we used data of 183 samples of K9 school girls and inferential statistical analy-

sis using standard regression was carried out to identify variables that best predicted students' 

math performance.  

Standard regression results revealed that both predictors were correlated with mathe-

matical performance and consistently predicted math performance. Also, standardized coeffi-

cients indicated that cognitive style (β=0.58, model1) was the strongest predictor of mathe-

matical performance. Also, working memory capacity (β=0.43, model2) appeared to be mod-

erator than cognitive style in the prediction of mathematical performance in k9 grade. Find-
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ings of this study support previous claims that student’ cognitive style (Witkin and 

Goodenough 1981; Talbi 1990; Johnstone and Al-Naeme 1991, 1995; Alamolhodaei 1996; 

Sirvastava 1997; Ekbia and Alamolhodaei 2000; Alamolhodaei 2002; Alamolhodaei 2009) 

and working memory (e.g., Adams & Hitch, 1998; Bull & Scerif, 2001; Siegel & Ryan, 1989; 

Hitch, 1978, Ekbia and Alamolhodaei 2000; Alamolhodaei 2002; Alamolhodaei 2009) could 

predict mathematical performance and also have important implications for the educational 

process.  

Bandura (1997) attributes a very important role to prior knowledge and its effect on 

students’ subsequent attainment. He also emphasizes the inclusion of prior knowledge in 

causal analyses. Therefore, we entered this factor as covariate in the models to identify main 

effects of predictors. Also, it seems that doing math homework may influence on relationship 

between working memory capacity and cognitive style with mathematical performance. So, 

the second objective of the study was to find whether cognitive styles and working memory 

capacity could predict mathematical performance when the impacts of students’ prior math 

knowledge and the amount of math homework completed were controlled. After adjusting for 

the impacts of these factors on relationship between working memory and math performance, 

separately, finding of standard multiple regressions exhibited that working memory was still 

statistically significant predictor of math performance. In addition, as can be seen in model3 

and 4 the beta weights of working memory reduced to 0.32 (p <0.001) and 0.17 (p = 0.02), 

respectively. That is, students’ prior math knowledge and the amount of math homework 

completed may moderate the influence of working memory on math performance. 

 As for the hierarchical nature of mathematical knowledge, it can be concluded that 

students who have high prior knowledge can decrease working memory overload in problem-

solving situations and also during learning. In addition, doing math homework may help stu-

dents to reinforce material and master a subject or skill and it seems that working memory 

loads may be reduced when students’ skill proficiency increase. Therefore, having strong pri-

or math knowledge and completing math homework may diminish the effect of working 

memory on students’ mathematical performance. Also, the results of multiple regressions 

showed that cognitive style predicted students’ math performance when prior math 

knowledge and the amount of math homework completed controls were included, separately. 

It indicated that the impact of cognitive style on mathematical performance was still signifi-

cant and the students who gain high disembedding ability score received significantly better 

mathematical performance than those gain low score. As can be seen in model 4 and 5, the 
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size of the regression coefficients reduced to 0.17 and 0.26, respectively. It showed that re-

gardless of type of students’ cognitive style, having high prior math knowledge can help 

learners to solve math problems and understand math concepts. 

 Also, students can experience different methods of math problem solving, practice 

skills and develop their critical thinking skills when they effort to complete their math home-

work. So, doing homework and having high prior knowledge may diminish the negative ef-

fect of being field dependent on math performance. In model 7, study results discovered that 

cognitive style was stronger predictor of math performance than working memory, that is, 

students who maintain higher levels of disembedding ability score had the largest gains in 

mathematical performance in this sample. Finally, finding of present study exhibited that cog-

nitive style and working memory were still significant predictors of students’ math perfor-

mance when the influence of both students’ prior math knowledge and the amount of math 

homework completed were controlled. In addition, as can be seen in model10 the beta weights 

of cognitive style and working memory reduced to 0.21(p <0.001) and 0.10 (p = 0.02), respec-

tively. That is, students’ prior math knowledge and the amount of math homework completed 

may decrease the influence of individual factors (cognitive style and working memory) on 

math performance. 

 It seems to the researcher of this study that the effect of students’ cognitive style and 

working memory on math performance may be decreased when learner complete their math 

homework frequently and have high prior math knowledge. It seems safe to conclude that low 

WMC or low disembedding ability (that is, field dependency) students who complete their 

math homework or enhance prior math knowledge could improve their math performance and 

compensate deficiency in their cognitive variables. Completing math homework may help 

students learn math skills, practice or review material that has already been presented in class 

(Becker & Epstein, 1982) and relate new information to their prior knowledge. Thus, it seems 

that mathematics teachers should assign homework that strengthens the targeted skills and 

knowledge but in a way that is relevant and interesting to students’ who all too often see 

homework as a costly venture in school (Coutts, 2004). Studies have suggested that students 

are more likely to complete homework successfully when assignments are matched to their 

preferred learning styles (Nuzum, 1998; Paulu, 1998). Thus, preparing math assignment 

homework that takes into account individual students’ learning styles can have a positive in-

fluence on homework completion rates. In addition, according to the present study, it could be 
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suggested that math teachers inform students of hierarchical structure of mathematics 

knowledge and the role of previous math knowledge in understanding new concepts. 

Limitations  

The present research has certain limitations. For instance, the study sampled students 

from a restricted age range (15-16 years old) and is focused on k9 graders. Moreover, all 

samples were drawn from 4 public high schools in one city of Iran and the present study was 

restricted to mathematics lesson. The findings of the present study are based upon female stu-

dent samples. Consequently, further experiments are necessary perhaps under more specific 

conditions for finding more information, in particular for male students. Thus, it seems it’s 

important that mathematics teachers are made aware of the role played by cognitive and affec-

tive factors as predictor variables in determining student success. This study results can be 

used for students’ school guiding, giving mathematical homework to learners and it helps 

teachers to know their students better and to teach in a more effective way. 
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