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Abstract: The current study investigated whether a domain-specific intervention targeting maths 

and executive functions of primary school children with a Roma background would be effective in 

improving their scholastic performance and executive functioning. In total, 122 students attending 

Grade 4 of elementary school took part in the project. The study concerned a pretest-intervention-

training experimental design with three conditions: the experimental condition, an active and a pas-

sive control group. The results suggested that both maths performance and executive functions im-

proved over time, with no significant differences between the three conditions. An additional cor-

relational analysis indicated that pretest performance was not related to posttest performance for 

the children in the experimental and active control group.  

Keywords: executive functioning; domain-specific cognitive stimulation; math; low-performing stu-

dent; Roma ethnic group. 

 

1. Introduction 

In many countries, poor mathematics achievement is often seen in students from low 

income and ethnic minority backgrounds [1; 2; 3]. One of these groups in the Slovak Re-

public concerns the Roma. Roma are “an extraterritorial ethnic group living in the ethnic 

environment in the form of an intra-differentiated diaspora” [4]. The Roma originated 

from the Indian subcontinent. The oldest known written reference to the Roma in Europe 

dates back to 1068. The oldest known reports of the Roma in Slovakia are from the second 

half of the 14th century [5]. In this context, it is important to note that the Roma ethnic 

minority in Slovakia is highly structured and heterogeneous in terms of ethnic subgroups 

and dialects (e.g. Rumunger, Olas, Valachrom), but also in terms of their social integration, 

economic status and education [6]. 

In the Slovak Republic, levels of mathematical achievement tend to be much lower in 

Roma children than in the general school population [7; 8]. Moreover, failure rates 

amongst the Roma are higher than among the general school population, and they are 

often placed in special education programs [9; 10; 11].  
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In general, performing well in mathematics seems to be related to various external 

factors, such as the education system, school, teacher, and family, as well as internal fac-

tors, such as the child’s personality traits, motivation, attitude, and math anxiety [12]. One 

important internal factor influencing mathematics achievement concerns the child’s exec-

utive functioning (e.g., [13]). Several studies suggest that children with weaker executive 

functions tend to perform poorly on mathematics, at the preschool age [14], in primary 

[15], as well as in secondary education [16]. A study [17] suggested that children with a 

Roma background in Slovakia did indeed score significantly lower on executive functions 

than children with a majority background. However, to date it has not been researched 

yet whether an intervention targeting executive functioning would also be effective for 

the mathematics performance of children with a Roma background. Therefore, the current 

study aimed to investigate whether a newly developed intervention stimulating executive 

functioning, ExeFun-Mat (executive functioning stimulation via mathematics), would be 

beneficial in improving Roma children’s executive functioning and scholastic perfor-

mance in the field of maths.  

2. Theoretical framework 

2.1. The influence of executive functioning on achievement in mathematics 

The term “executive functioning” refers to the mechanism by which performance is 

optimized in situations requiring the operation of a number of cognitive processes [18]. 

The term is generally used to represent an umbrella construct that includes a collection of 

interrelated functions that are responsible for purposeful, goal-directed, problem-solving 

behavior [19]. 

Research on the impact of executive functions in relation to school performance 

shows that they are a better predictor than IQ scores, mathematical skill, or level of read-

ing literacy (e.g., [20]; [21]). Specific executive functions found to influence mathematics 

performance include working memory [22], inhibition [23], cognitive flexibility [24], as 

well as the higher-order function attention [25; 26]. Moreover, a meta-analysis by Cragg 

and Gilmore [27] further showed that skills linked to executive functions, such as moni-

toring and manipulating information in the mind (working memory), suppressing un-

wanted stimuli (inhibition) and flexible thinking (cognitive flexibility), played an im-

portant role in the development of mathematical knowledge and skills.  

2.2. Executive function training 

In recent studies, it was found that executive functioning can be strengthened as a 

consequence of intervention [28; 27; 29; 30; 31]. In general, two types of interventions are 

distinguished when it comes to executive function interventions: domain-general and do-

main-specific interventions. Several studies indicated that interventions aimed at 

strengthening executive functioning have a positive effect on children’s mathematical per-

formance [32; 33; 34]. In a study by Goldin and colleagues [35] it was further found that a 

computer-based intervention targeting executive functioning had an equalizing effect on 

the academic and mathematics achievement of children from lower social-economic back-

grounds.  

In coherence with this opinion group the current study sought to investigate whether 

ExeFun-Mat, a newly developed domain-specific intervention for mathematics, could 

stimulate math performance and executive functioning of low performing students with 

a Roma background.  

3. The current study 

Building on previous research, utilizing a pretest-training-posttest design with an ex-

perimental condition, and active control and a passive control condition, the current study 

aimed to investigate whether the ExeFun-Mat (executive functioning stimulation via 
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mathematics) intervention had an effect on Roma children’s executive functioning and 

scholastic performance.  

The first research question concerned the potential effect of the ExeFun-Mat program 

on children’s executive functioning. It was hypothesized that those children who were 

administered the ExeFun-Mat intervention would show more improvement in their exec-

utive functions, specifically inhibition, cognitive flexibility, self-regulation, attention con-

trol, and planning, than those in the two control conditions [27; 28; 36; 29]. 

The second research question concerned the potential effect of the ExeFun-Mat pro-

gram on children’s mathematical performance. In accordance with previous studies, it 

was expected that the children who received the ExeFun-Mat program would show more 

improvement in their mathematics performance than those in the two control conditions 

[37; 32; 33; 34].  

The third research question concerned the potential effect of the ExeFun-Mat pro-

gramme on the relationship between children’s executive functioning, math abilities and 

math performance in school. Based on several studies [38; 39; 40], it was expected that the 

relationship between executive functioning and math performance in school would be-

come weaker for children who received the ExeFun-Mat program from pretest to posttest, 

but not for those in the two control conditions. Similarly, it was explored whether the 

relationship between children’s mathematical abilities and math performance in school 

would become weaker for children who received the ExeFun-Mat program from pretest 

to posttest, but not for those in the two control conditions.  

3. 1. Materials and Methods 

3.1.1. Participants 

The participants were low-performing students from segregated Roma communities 

in Slovakia, attending Grade 4 of mainstream elementary schools in rural areas of Slo-

vakia. Students were selected if, according to their teachers, they had achieved below av-

erage results on Math tests in the three years prior to the intervention (performance was 

below average, mark 3 and lower). Three elementary schools were involved in the project, 

all of which were located in segregated Roma communities located on the outskirts of a 

town or settlement. None of the students in any of the schools spoke Slovakian as their 

first language. The students’ home language was Romani. All the students attending 

Grade 4 took part in the project – 122 students in total once parental consent for the child’s 

participation in the project had been obtained. The research sample consisted of (very) 

low achievers in Math, many of them with (1) a history of a grade repetition, (2) low con-

duct of the language of instruction, (3) observed low level of motivation. The Cognitive 

Ability Numerical Battery [41] was used at the pretest to objectify mathematical perfor-

mance, consisting of three subtests: numerical relations, series of numbers, and compila-

tion of equations. These measures offer an overview of the child's basic quantitative con-

cepts and ability to see relationships between them. The results showed an average result 

of 21.33 (SD = 9.4), which represents 80 points of the weighted score and points to the 

mathematical abilities of the observed group at average and below average performance 

levels. In the frequency analysis, up to 60% of students showed a deficit result (z = -2). The 

122 children were then randomly divided into three groups (the experimental group and 

two control groups – active and passive). A mixture of equalization and random selection 

was used, based on the child’s characteristics (sex, place of birth/type of settlement, and 

mathematics grade, pretest data). Following pretest data, children with equal scores were 

randomly allocated to one of the three conditions. The division of participants can be 

found in Table 1. 

Table 1. Number of children by group and sex  

Condition Boy Girl Total 
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experimental 
19 21 40 

(active) control 1 19 23 42 

(passive) control 2 19 21 40 

total 57 65 122 

 

Children’s executive functions and maths abilities were tested twice - before the ex-

periment (pretests) and two weeks after the experiment to assess short-term transfer of 

the experimental effect (posttests). There was a 3.5-month interval between the pretest 

and posttest. The tests were clinically administered: individually and during lesson-time 

at the student’s school and took approximately 60 minutes. Ten trained data collectors 

(school psychologists) participated in the project.  

3.1.2. Design and procedure 

The study utilized a pretest-intervention-posttest experimental design with three 

conditions: experimental group (EG), active control group (C1G), and passive control 

group (C2G). The EG was administered the original domain-specific intervention pro-

gram. The intervention consisted of 30 units, and each unit took 45 minutes. The interven-

tion was conducted in the school during school time, and was administered twice per a 

week. The active control group was given 30 extra hours of mathematics education in ad-

dition to the compulsory school curriculum. The teacher, employed at the project school, 

worked with a regular mathematics textbook. In the active control group, there was no 

specific stimulation of executive functioning. The C2G (passive control/contrast group) 

did not perform any additional tasks. 

3.1.3. Materials 

Executive functioning (EF). To assess the children’s level of EF, the Delis–Kaplan Exec-

utive Function System [42] D-KEFS test battery was used. The D-KEFS test battery was 

adapted for use with the Slovak population, and the psychometric characteristics were 

tested and described by [43]. The internal consistency was below 0.70 in the individual 

indicators of all battery tests, which from a psychometric point of view tends to be consid-

ered as the lower limit of "good" reliability. The individual D-KEFS battery indicators 

showed moderately high correlations with the W-J battery indicators. In this study, the 

following subtests from the D-KEFS battery were used: (1) D-KEFS Trail Making Test – a 

test of attention organization and flexibility in five test conditions, capable of abstracting 

interference factors of visual searching and motor speed; (2) D-KEFS Verbal Fluency, which 

measures the ability to fluently generate verbal responses to letter prompts and categories 

within 60 seconds; (3) D-KEFS Design Fluency Test, a test of figural fluency (in three control 

conditions) in the visual domain; (4) D-KEFS Color–Word Interference Test, a version of 

the Stroop test in four test conditions that measures the ability to inhibit “learnt” behavioral 

responses. 

Mathematical achievement. To assess children’s mathematical achievement, the follow-

ing instruments were used: 1. Cognitive Abilities Test (CogAT) [41] – the numeracy bat-

tery (quantitative relations, number series, equation building, pictures). Reliability of the 

Cognitive Abilities Test numeracy battery is 0.85 [44]; 2. ZAREKI [45; 46] – a neuropsy-

chological test battery for numerical processing and calculation that provides information 

on deficits in mathematical ability. ZAREKI has 11 subtests containing 59 tasks in total. 

These map the basic mathematical skills: perceptual, memory, spatial, verbal, operational 

as well as mathematical reasoning factors. Internal consistency of ZAREKI test in a nor-

mative sample is 0.90 as recorded in [47].   

 

Exefun-Mat stimulation program in the mathematical domain. The Exefun-Mat program 

consisted of an intervention, in which one trained administrator worked with two stu-

dents. The intervention was based on the principles of the reciprocal teaching approach 
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[48; 49; 50], scaffolding and self-questioning. This included (1) focusing on the student´s 

ability to generate questions, (2) clarifying and summarizing the information they have 

read, (3) moving from being passive observers of learning to active teachers, (4) becoming 

involved in the learning experience as peer tutors.  

For the content of the intervention program, the Slovak national mathematics curric-

ulum was used as a source. The program consisted of: (1) Application of tasks and tasks for 

developing mathematical thinking (sequences, combinatorics, propositional logic); (2) Num-

bers and operations involving natural numbers; (3) Geometry (basic geometric shapes, two-di-

mensional and three-dimensional orientation).  

According to [51], two key content areas for younger children in learning mathemat-

ics are numbers (numbers, operations, relationships) and geometry (spatial perception and 

thinking, measurement). Based on these criteria, 25 items were constructed. For the selec-

tion of the items, 25 expert teachers scored the pool of items based on (1) importance (with 

regard to national academic standards in Math); (2) difficulty to teach (perceived methodo-

logical problems to deliver this part of curriculum); (3) difficulty to learn (observed difficul-

ties in students to reach the standard in this area). The 10 highest scoring items were se-

lected.   

The domain-specific content was divided into modules. Each module consisted of 

a set of graded tasks. The criteria for the grading and hierarchical organization of the tasks 

were based on (1) level of cognitive difficulty [52] and (2) type of representation - enactive, 

iconic and symbolic modes [53]. The way the items were structured is shown in Table 2.   

Table 2. Level of difficulty - example of items structure   

 Level of difficulty 1 

Three elements, enactive mode 

 

 

Item 1 

  

We built three-color towers of three cubes (red, 

yellow and blue). Check that all solutions are cor-

rect. (Towers build as the illustration shows). 

 […] 2nd and 3th level of difficulty 

Item 4 Level of difficulty 4 

Four elements, iconic mode 

 Check which buildings in the picture are built according to this rule: 

The building has three floors 

and cubes of three colors - 

red, blue and yellow. 

Item 5 Level of difficulty 5 

Three elements, enactive mode 

 You have a green, yellow and purple square. Draw all the ways you can or-

der them side by side. 

Item 6 Level of difficulty 6 

Three elements, symbolic mode 

 Three children Janka, Adam and Beata went to the cinema. They sat side by 

side in one row. Write down all the options/combination how they could sit 

down. 

 […] 7th level of difficulty 

Item 8 Level of difficulty 8 

Three elements, symbolic mode 

 Make all three digits number from digits 4, 7, 5. 
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The intervention was conducted by trained university students studying for a Mas-

ter’s degree in teacher training. The students were supervised by the members of the re-

search team. Training of administrators consisted of 30 hours, it was organized in several 

recursive cycles while reflecting on the intervention issues and unexpected problems that 

arose.    

3. 2. Results 

3.2.1. Effects of training on executive functions 

  Initially, the effects of the intervention on children’s executive functioning were in-

vestigated. A Repeated Measures MANOVA was conducted, with one within factor: Time 

(pretest and posttest) and one between factor: Condition (experimental condition, control 

condition 1, and control condition 2). Dependent variables were TMT Motor Speed Time, 

Letter Fluency Total Correct, Category Fluency Total Correct, Switching Fluency Total Ac-

curacy, Design Fluency Total Correct, and Stroop Interference Time of the Delis Kaplan 

tests. The results of the RM MANOVA were presented in Table 3. The multivariate main-

effect of Time was significant (Wilks’ λ =.40, F(6,110) = 27.26, p <.001, ηp2 = .60), indicating 

that overall all children showed gains on the measurements from pretest to posttest. How-

ever, the multivariate interaction effect of Time x Condition was nonsignificant (Wilks’ λ 

=.89, F(12,220) = 1.12, p = .346, ηp2 = .06), indicating that overall the conditions did not differ 

regarding progression from pretest to posttest.  

Follow-up univariate analyses (see Table 3) revealed that overall children showed 

significant differences from pretest to posttest on most measures, namely TMT Motor 

Speed (p <.001), Letter Fluency (p <.001), Category Fluency (p <.001), Switching Fluency (p 

= .005), Design Fluency (p <.001), Stroop Interference (p <.001). When inspecting the means 

and SDs, it can be seen that overall children showed a reduction from pretest to posttest 

on TMT Motor Speed (∆M = -13.7) and Stroop Interference (∆M = -13.1), which indicates 

that children needed less time to complete these tasks. It can also be seen that overall chil-

dren showed an increase from pretest to posttest on Letter Fluency (∆M = 1.5), Category 

Fluency (∆M = 2.1), Switching Fluency (∆M = 0.7), Design Fluency (∆M = 4.5). 

 
Table 3. Results of the repeated measures MANOVA for executive functioning. 

 Wilks’ λ F p ηp2 

Multivariate effects     

Time .40 27.26 <.001 .60 

Time x Condition .89 1.12 .346 .06 

Univariate effects (Time)     

TMT Motor Speed  18.24 <.001 .14 

Letter Fluency  15.13 <.001 .12 

Category Fluency  39.89 <.001 .26 

Switching Fluency  8.25 .005 .07 

Design Fluency  80.17 <.001 .41 

Stroop Interference  36.45 <.001 .24 

 

Table 4. Means and standard deviations for the measures of executive functioning and math abilities. 

 Pretest Posttest 

 Experi-

mental 

M (SD) 

Active con-

trol 

M (SD) 

Passive con-

trol 

M (SD) 

Experi-

mental 

M (SD) 

Active con-

trol 

M (SD) 

Passive 

control 

M (SD) 
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Executive functions       

TMT Motor Speed 73.15(30.51) 74.40(33.07) 75.20(33.19) 57.82(25.90) 64.41(34.86) 60.42(30.50) 

Letter Fluency 8.77(4.07) 8.18(4.83) 6.57(4.28) 10.00(4.65) 10.08(4.64) 7.82(4.74) 

Category Fluency 17.38(4.07) 18.31(4.61) 14.90(5.23) 20.25(5.36) 19.77(4.87) 16.80(4.14) 

Switching Fluency                          6.57(2.22)                5.79(2.46) 5.62(1.93) 7.32(2.07) 6.08(2.36) 6.22(2.11) 

Design Fluency 3.35(1.87) 3.59(2.01) 2.28(1.59) 4.55(1.97) 3.79(1.98) 3.22(2.07) 

Stroop Interference 106.18(23.54) 109.92(30.78) 110.79(25.75) 93.70(22.65) 95.28(24.30) 98.10(20.56) 

       

Math Abilities       

Quantitative Reason-

ing 

12.08(4.31) 11.00(4.56) 9.75(4.72) 13.82(4.53) 12.25(3.93) 10.42(5.03) 

Inductive Reasoning 6.92(4.38) 7.08(4.60) 4.16(2.83) 9.27(4.64) 7.55(4.91) 5.63(3.20) 

Arithmetical Ability 

Total 

5.38(2.95) 4.20(2.51) 2.61(1.64) 6.25(3.25) 4.92(3.15) 3.21(2.59) 

Enumeration                 1.71(.57) 1.77(.60) 1.83(.38) 1.92(.27) 1.89(.40) 1.69(.67) 

Counting Backward  1.45(.80) 1.58(.77) 1.50(.62) 1.58(.79) 1.56(.81) 1.65(.70) 

Writing Numbers 9.42(2.97) 9.08(3.33) 9.41(3.03) 8.82(3.23) 8.61(3.42) 8.37(3.61) 

Mental Calculation 8.45(3.09) 8.11(3.29) 8.37(3.57) 8.82(3.23) 8.61(3.42) 8.37(3.61) 

Mental Calculation 

Deduction  

5.68(3.92) 7.11(3.86) 6.44(3.60) 6.47(3.90) 6.53(4.02) 7.28(4.36) 

Reading Numbers 10.16(2.52) 10.39(2.85) 10.53(2.24) 11.00(2.36) 10.61(2.53) 10.53(2.35) 

Number Line Esti-

mation 

5.74(2.42) 6.50(2.88) 5.25(2.82) 7.16(2.89) 7.56(2.49) 5.88(2.92) 

Magnitude Words 10.84(4.15) 12.22(2.83) 12.12(2.14) 11.95(3.46) 12.44(2.69) 12.56(1.81) 

Perception Quantity 3.11(1.52) 2.94(1.31) 1.75(1.81) 3.05(1.29) 3.28(2.40) 2.25(1.59) 

Context Magnitude 5.47(3.80) 4.89(2.81) 3.75(2.63) 6.42(3.89) 5.39(3.48) 4.25(2.77) 

Problem-Solving 1.74(1.69) 1.78(1.84) 2.12(1.61) 2.34(2.07) 2.25(1.75) 2.22(1.34) 

Magnitude Arabic 

Numbers 

12.95(3.34) 13.11(3.56) 12.87(2.92) 13.53(2.52) 13.17(3.33) 13.06(2.73) 

 

3.2.2. Effects of training on math performance 

In order to investigate the effects of the intervention on math abilities, a Repeated 

Measures MANOVA was conducted. The RM MANOVA had one within factor: Time 

(pretest and posttest) and one between factor: Condition (experimental condition, control 

condition 1, and control condition 2). Dependent variables of the Cogat test were Quanti-

tative Reasoning Total Correct and Inductive Reasoning Condition 3 Total Correct. De-

pendent variables of Arithmetical Ability were Arithmetical Ability Total, Enumeration, 

Counting Backward, Writing Numbers, Mental calculation, Mental Calculation Deduc-

tion, Reading Numbers, Number Line Estimation, Magnitude Words, Perception Quan-

tity, Context Magnitude, Problem-Solving, and Magnitude Arabic Numbers.  

The results of the RM MANOVA are presented in Table 5. The multivariate main-

effect of Time was significant (Wilks’ λ =.57, F(15,86) = 4.40, p <.001, ηp2 = .43), indicating 

that overall all children showed gains on the measurements from pretest to posttest. How-

ever, the multivariate interaction effect of Time x Condition was nonsignificant (Wilks’ λ 

=.75, F(30,172) = .88, p = .657, ηp2 = .13), indicating that overall the conditions did not differ 

regarding progression from pretest to posttest.  

Follow-up univariate analyses (see Table 5) revealed that overall children showed 

significant differences from pretest to posttest on most measures, namely Quantitative 

Reasoning (p <.001), Arithmetical Ability Total (p <.001), Enumeration (p = .022), Writing 

Numbers (p = .006), Reading Numbers (p = .015), Number Line Estimation (p = .001), Mag-

nitude Words (p = .039), and Problem-Solving (p = .032). However, children showed no 

significant differences from pretest to posttest on Inductive Reasoning (p = .054), Counting 
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Backward (p = .325), Mental Calculation (p = .322), Mental Calculation Deduction (p = .434), 

Perception Quantity (p = .288), Context Magnitude (p = .056) and Magnitude Arabic Num-

bers (p = .127). Overall children showed an increase from pretest to posttest on Quantita-

tive Reasoning (∆M = 3.4), Arithmetical Ability Total (∆M = 5.2), Enumeration (∆M = .1), 

Writing Numbers (∆M = .6), Reading Numbers (∆M = .4), Number line Estimation (∆M = 

1.0), Magnitude Words (∆M = .6), and, Problem-Solving (∆M = .4). These findings indicate 

that children had more items correct at the posttest compared to the pretest.  

 
Table 5. Results of the repeated measures MANOVA for math abilities. 

 Wilks’ λ F p ηp2 

Multivariate effects     

Time .57 4.40 <.001 .43 

Time x Condition .75 .88 .657 .13 

Univariate effects (Time)     

Quantitative Reasoning  22.28 <.001 .18 

Inductive Reasoning  3.79 .054 .04 

Arithmetical Ability Total  30.92 <.001 .24 

Enumeration  5.42 .022 .05 

Counting Backward   .98 .325 .01 

Writing Numbers  7.97 .006 .07 

Mental Calculation  .99 .322 .01 

Mental Calculation Deduction   .62 .434 .01 

Reading Numbers  6.10 .015 .06 

Number Line Estimation  11.83 .001 .11 

Magnitude Words  4.39 .039 .04 

Perception Quantity  1.14 .288 .01 

Context Magnitude  3.74 .056 .04 

Problem-Solving  4.73 .032 .05 

Magnitude Arabic Numbers  2.37 .127 .02 

 

3.2.3. Effects of training on relations with math school results 

Correlations were used to test the relationship between children’s executive functions 

and their math results in school, and changes in this relationship as a result of training. 

TMT Motor Speed, Letter Fluency, Category Fluency, Switching Fluency, and Stroop In-

terference were used as measures of executive functions. The results are displayed in Ta-

ble 6. On the pretest, only Design Fluency (r = -.29), and Stroop Interference (r = .23) were 

significantly related to school results in math. Posttest measures for executive functions 

were split by condition, to test whether different patterns of relationships emerged as a re-

sult of training. Here, the only significant correlation was found between Design Fluency 

and math results for the experimental condition (r = -.48). No other correlations were 

found between the measures of executive functions on the posttest and math results, for 

any of the conditions.  

Additionally, correlations were used to test the relationship between children’s math 

abilities and their math results in school, and changes in this relationship as a result of 

training. Quantitative Reasoning, Inductive Reasoning, Arithmetical Ability Total, Enu-

meration, Counting Backward, Writing Numbers, Mental calculation, Mental Calculation 

Deduction, Reading Numbers, Number Line Estimation, Magnitude Words, Perception 

Quantity, Context Magnitude, Problem-Solving, and Magnitude Arabic Numbers were 

used in the correlation analysis. On the pretest, Inductive Reasoning and Counting Back-

ward were weakly (both r = -.27) related to math results, Quantitative Reasoning, Mental 
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Calculation Deduction, Reading Numbers, Number Line Estimation, Magnitude Compar-

ison Words, Problem Solving, and Magnitude Arabic Numbers all showed moderate re-

lationships with math results (between r = -.32 and r = -.41). Arithmetical Ability, Writing 

Numbers, and Mental Calculations showed strong relationships with math results (rang-

ing from r = -.50 to r = -.55). No relationships were found between Enumeration, Perceptual 

Quantity and Context Magnitude, and math results.  

Next, the participants were split by condition to investigate the posttest relations with 

the same variables. For the experimental conditions, moderate correlations between post-

test measures of math ability and math results in school were found for Arithmetical Abil-

ity and Mental Calculation Deduction (r = -.36 and r = -.39 respectively). The other rela-

tionships were not significant. For the control 1 condition, moderate correlations (between 

r = -.41 and r = -.50) were found for Enumeration, Counting Bakcward, Mental Calculation 

Deduction, Magnitude Comparison Word, and Perceptual Quantity. Strong correlations 

(ranging between r = -.56 and r = -.68) were found for Quantitative Reasoning, Arithmetical 

Ability, Writing Numbers, Mental Calculation, Reading Numbers, Problem Solving, and 

Magnitude Arabic Numbers. Inductive Reasoning, Number Line Estimation, and Context 

Magnitude were not related to math results. For the control 2 condition, only Arithmetical 

Ability, and Magnitude Arabic Numbers showed significant moderate correlations with 

math results (r = -.37 and r = -.40 respectively). The other measures were not significantly 

related to math results. Overall, the control 1 condition appeared to show a similar pattern 

of relations between math abilities and math results on the posttest, as was found on the 

pretest. For both the experimental and control 2 condition, considerably fewer and weaker 

correlations were found on the posttest.  

Interestingly, and in contrast with other studies [25; 26; 22; 23; 24]only few executive 

functions were (moderately) correlated with maths performance. 

 
Table 6. Correlations between pretest and posttest measures and school results on math. 

 Correlation pretest 

x school result 
 Correlation posttest  

x school result 

 Total  

(N = 102) 

 Experimental 

condition  

(N = 38) 

Control con-

dition 1    

(N = 35) 

Control 

condition 2  

(N = 29) 

Executive functions      
TMT Motor Speed -.01  -.02 -.06  .08 

Letter Fluency -.02  -.08 -.27  .05 

Category Fluency -.07  -.17 -.17  .02 

Switching Fluency -.08  -.07 -.30 -.02 

Design Fluency -.29**  -.48** -.10 -.28 

Stroop Interference -.23*  -.03 -.13  .08 

Math abilities      

Quantitative Reasoning -.38***  -.25 -.68*** -.16 

Inductive Reasoning  -.26**  -.23 -.09 -.21 

Arithmetical Ability  -.52***  -.36* -.67*** -.37* 

Enumeration -.16  -.05 -.41* -.23 

Counting Backward -.27**   .08 -.47** -.19 

Writing Numbers -.50***  -.26 -.63*** -.33 

Mental Calculation -.55***  -.30 -.66*** -.30 

Mental Calculation Deduction -.38***  -.39* -.48** -.33 

Reading Numbers -.41***  -.24 -.65*** -.17 
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Number line Estimation -.32**  -.24 -.20 -.30 

Magnitude Words -.37***  -.32 -.50** -.35 

Perception Quantity -.13  -.29 -.50** -.04 

Context Magnitude  .09   .09 -.10  .35 

Problem-Solving -.33**  -.22 -.58*** -.04 

Magnitude Arabic Numbers -.40***  -.31 -.55** -.40* 

Note: * = p < .05. ** = p < .01. *** = p < .001 

 

4. Discussion 

The current study sought to investigate whether ExeFun-Mat, a newly developed do-

main-specific intervention for mathematics, could stimulate math performance and exec-

utive functioning of low performing students with a Roma background. In accordance 

with [54] it was considered that high quality mathematics education may have the dual 

benefit of on the one hand teaching Math and on the other hand facilitating executive 

function stimulation. Regarding the effect of the ExeFun-Mat program on executive func-

tioning, it was found that executive functions improved over time, but there were no dif-

ferences between conditions. These findings indicated that in all groups of children, both 

for those who received the ExeFun-Mat program, and those in the control conditions, ex-

ecutive functions seemed to improve over time, but the experimental condition did not 

bring about significant improvement. This finding was not in line with studies conducted 

by [55; 56; 57; 58; 59] who studied the potential influence of math domain-specific experi-

mental interventions targeting executive functioning in students and found a positive ef-

fect of their interventions on the participants’ executive functioning.  

Potential explanations for this finding could lie in [60] Jacob and Parkinson’s obser-

vation that although the literature demonstrates a strong correlation between executive 

function and achievement, the two may not be causally related. In the current study, it 

was even found that most executive functions were not, and some only weakly related to 

mathematical performance in school. This finding was unexpected; however it corre-

sponds with previous findings children from special populations such as those with learn-

ing problems, severe difficulties in arithmetic or language difficulties [61; 62], with math 

anxiety problem [63; 64] or children from disadvantaged backgrounds [65]. Our findings 

are in line with Blakey et al. [66] who found that executive functions mediated the relation 

between socioeconomic status and mathematical skills. Children improved over training, 

but this did not transfer to untrained executive functions or mathematics. Executive func-

tions may explain socioeconomic attainment gaps, but cognitive training directly targeting 

executive functions is not an effective way to narrow this gap. Executive functions could 

simply be a proxy for other background characteristics of the child, such as socioeconomic 

status or a parent’s level of education, each of which is highly correlated with both 

achievement and executive functions. Moreover, researchers have found evidence that 

both socioeconomic status and family factors are associated with the development of ex-

ecutive functions [67; 68; 69] which may have played a role in the current study as well.  

With regard to findings of the current study in the domain of mathematics perfor-

mance, it was found that all groups of children demonstrated an improvement over time, 

but no differences were found between the conditions. Although Naglieri and Johnson’s 

[70] findings indicate that students with learning disabilities and mild mental impair-

ments, in particular, could benefit from verbalizing and reflecting on their strategies on 

arithmetic computation, this was not observed in the current study, in spite of the fact that 

the ExeFunMat program includes extensive verbalizing, thinking aloud and metacogni-

tive monitoring.  

A possible explanation regarding this finding concerns the notion that the program 

was too limited in time to bring about changes in mathematics performance. The research 
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sample consisted of 4th graders who were (very) low achievers in Maths, many of whom 

who were associated with either (1) a history of a grade repetition, (2) low mastery of the 

language of instruction, (3) low levels of motivation. When problems accumulate over 

several years, a 30-hour program probably does not have the capacity to change both the 

executive functioning and math skills. Perhaps the results demonstrated a bottom effect; 

as language issues and deficiencies in basic mathematical concepts could act as barriers to 

benefit from metacognitive instructions. More importantly, it cannot be disregarded that 

the participating children live in conditions of severe poverty. Their living conditions are 

exacerbated in the winter months, when they suffer from the cold, sleeping problems and 

malnutrition. In other words, the basic living conditions to facilitate learning may have 

been absent, nullifying any potential effects a training program might have. It is a known 

fact that in the case of former travelers and nomads, the school is perceived as a foreign 

institution, far removed from their needs [4; 71]. Considering that the intervention was 

semi-structured, it was not possible to tailor to the individual needs of the participating 

Roma pupils. Although this warrants further research, it seemed as if these were so sig-

nificant that the current competencies of the intervention administrators (trained Master 

students) did not allow for a flexible response to problematic behavioral manifestations 

related to students' mathematical abilities (eg. in task administration: place a square be-

tween 2 triangles, the administrator found that the student did not have a developed spa-

tial concept for “between”). A program that connects more closely to the Roma culture 

and language might be more suited to remediate such issues. Additionally, future pro-

grams might try to actively determine children’s ability level and adaptively provide the 

program to connect more closely to children’s individual instructional needs, for example 

by incorporating a dynamic testing procedure at the start of the program in order to tap 

into the children’s potential for learning and zone of proximal development [72]. Possible 

inspiration could serve the ideas based on OPEN-MATH project, a conceptual framework 

for inclusion in mathematics. At the core of the inclusive frameworks lies the dialectics 

between two facets: social interaction and individual self-determination [73].  

The intervention was provided relatively late, as the children already had significant 

delay in mathematical skills compared to their peers. Devoting extra opportunities to 

teaching and learning could seem promising, but the timing is very important. As mathe-

matics becomes increasingly difficult in school, the deficits in certain areas become more 

obvious and, without early diagnosis and stimulation of the relevant processes, the ability 

to correct and compensate these deficits declines. In future research it seems worthwhile 

to implement a training intervention such as Exefun-Mat in a much earlier stage.   

 The relationships between the different measures and measurement moments, 

showed that the factors related to the performance of the passive control group had not 

changed from pretest to posttest. In contrast, for both the group that had received the 

training and the active control group past performance was no longer related to or pre-

dictive of arithmetical performance after training. The fact that the trained children did 

not seem to differ substantially from the active control group could be explained by a 

ceiling effect in progress (i.e. the program offered for the active control group was suffi-

cient to “saturate” their instructional needs and provide maximal growth). Taken to-

gether, it seems that intervention of some shape or form does “defeat prediction” based 

on their previous, static results. However, these changes did not lead to improved perfor-

mance on any of the posttest measures.  

In conclusion, the current research found that the ExeFun-Mat program that was im-

plemented among children from Roma backgrounds in grade 4 did not lead to substantial 

improvements in their executive functions, nor their math abilities, over and beyond those 

brought about by an alternative educational program. Although previous research has 

shown that executive functions and math performance were closely related, this finding 

was not replicated amongst this specific population of children, calling to question 

whether the relationship between EF and math performance develops in the same way as 

for children from other populations, or whether this was related to the instruments and 

program chosen. Additional research is required to investigate this further. In addition, 
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providing an intervention program, did appear to defeat prediction based on prior math 

performance only, indicating that children from Roma backgrounds are susceptible to in-

terventions to improve their maths abilities. This finding suggests that a different or mod-

ified intervention program, perhaps delivered at a different age, might be helpful for these 

children’s to unfold their potential in maths.  
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