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Abstract 

 

Children with mild intellectual disabilities (MID) appear to have particular problems in 

understanding the numerical meaning of Arabic digits. Therefore, we developed and 

evaluated a numerical domino game that specifically targeted the association between these 

digits and the numerical magnitudes they represent. Participants were 30 children with MID 

(M = 8.36 years), randomly assigned to either the numerical domino game or to a control 

color domino game. Findings revealed that both groups of children improved on a 

non-symbolic comparison and arithmetic task. Most importantly, only children who played 

the numerical domino game became significantly faster from pretest to posttest on a symbolic 

comparison task These findings suggest that numerical magnitude processing can be 

successfully trained in children with MID. 
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Introduction 

Children with mild intellectual disabilities (MID) often show difficulties in the 

development of mathematical skills (Geary, 1994; Kroesbergen & Van Luit, 2005). Because 

mathematical abilities are crucial in modern Western societies (Chiswick, Lee, & Miller, 

2003), it is important to gain insight into the cognitive processes underlying these difficulties. 

It has been proposed that number sense or the ability to understand and represent numerical 

magnitudes plays an important role in mathematical difficulties (e.g., Butterworth, Varma, & 

Laurillard, 2011). Indeed, Brankaer, Ghesquière, and De Smedt (2011) found that children 

with MID had impairments in numerical magnitude processing. Several studies demonstrated 

that game-based interventions have a positive effect on numerical magnitude representations 

in typically developing children (e.g., Whyte & Bull, 2008), children from low-income 

backgrounds (e.g., Ramani & Siegler, 2008) and children with mathematical difficulties (e.g., 

Kucian et al., 2011), but none of these studies focused on children with MID. Against this 

background, the present study aimed to develop and evaluate an intervention to improve the 

numerical knowledge of children with MID.  

According to most classification systems, an intellectual disability is characterized by 

significant limitations in intellectual functioning and adaptive behaviour skills (AAIDD, see 

Schalock et al., 2010; APA, 2000; WHO, 1993). Based on children’s IQ-scores, various 

levels of severity of intellectual disability can be distinguished: mild (IQ level 50-55 to 

approximately 70), moderate (IQ level 35-40 to 50-55), severe (IQ level 20-25 to 35-40) and 

profound (IQ level below 20-25) (APA, 2000). Baroody (1999) reported a series of case 

studies of children with mild to severe intellectual disabilities and observed that these 

children often experience mathematical difficulties. Additionally, Hoard, Geary, and Hamson 

(1999) found that children with a below-average intelligence displayed deficits when they 

had to name and write Arabic digits. These children also had problems with detecting 
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counting errors and with simple addition. The latter was confirmed by Janssen, De Boeck, 

Viaene, and Vallaeys (1999), who showed that children with MID were less accurate when 

solving addition problems than typically developing children. Because mathematical abilities 

are crucial in modern Western societies, (e.g., getting change in a shop, reading timetables to 

catch a bus), it is important to gain insight into the cognitive processes underlying these 

difficulties and to use this knowledge as a scientifically sound basis for appropriate remedial 

teaching and mathematics education.  

Research on individual differences in mathematics achievement has attributed a crucial 

role to the ability to understand and represent numerical magnitudes in the development of 

mathematics skill (e.g., Butterworth et al., 2011 and De Smedt, Noël, Gilmore, & Ansari, 

2013, for reviews). This ability seems to be related to and even predictive of mathematics 

achievement in typically developing children (De Smedt et al., 2013; De Smedt, Verschaffel, 

& Ghesquière, 2009; Halberda, Mazzocco, & Feigenson, 2008; Holloway & Ansari, 2009; 

Reigosa-Crespo et al., 2012). Children with mathematical difficulties are known to have 

problems with the understanding and processing of numerical magnitudes (De Smedt & 

Gilmore, 2011; Landerl, Bevan, Butterworth, 2004; Mussolin et al., 2010) and show 

abnormalities in brain areas that are involved in numerical magnitude processing (see 

Butterworth et al., 2011). More specifically, several studies have demonstrated that especially 

the speed of children’s symbolic magnitude processing is related to their mathematics 

achievement (De Smedt et al., 2009; Holloway & Ansari, 2009). 

Turning to children with intellectual disabilities, Hoard et al. (1999) revealed that children 

with below-average intelligence (MIQ = 78) were less accurate in identifying the larger of two 

Arabic digits, a classic task to investigate numerical magnitude processing in children 

(Sekuler & Mierkiewicz, 1977), compared with their typically developing peers. Recently, 

Brankaer et al. (2011) investigated numerical magnitude processing in children with MID 
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(MIQ = 62) more systematically, by comparing the performance of these children on symbolic 

(digits) and non-symbolic (dot patterns) numerical magnitude comparison tasks with the 

performance of two control groups of typically developing children, one group matched on 

chronological age and one group matched on arithmetic achievement level. Findings revealed 

that children with MID performed more poorly than their chronological age-matched peers on 

both the symbolic and non-symbolic comparison tasks, which indicates that children with 

MID have problems in the development of numerical magnitude representations.  

Various studies in children with a normal intelligence have shown that interventions that 

focus on numerical magnitude processing improve children’s numerical knowledge (e.g., 

Ramani & Siegler, 2011). Some of these interventions were intensive and addressed several 

aspects of numerical magnitude processing and mathematical knowledge, such as ‘Number 

Worlds’ (Griffin, 2004). This program mostly consisted of educational games at classroom 

level and was based on five instructional principles: (a) build further on the current 

knowledge of the child, (b) follow the natural course of development, (c) focus both on 

conceptual understanding and on calculations, (d) make maximum use of exploration, 

problem solving and communication and (e) expose children to all possible representations of 

quantities, such as objects, dot arrays and positions on a number line. A longitudinal study in 

which kindergarteners from low-income backgrounds were followed from preschool to the 

first years of formal schooling showed that the children who practiced with ‘Number Worlds’ 

improved significantly in conceptual knowledge of number and in number sense. 

Recently, Jordan, Glutting, Dyson, Hassinger-Das, and Irwin (2012) developed another 

intervention program that also focused on numerical magnitude processing. During this 

intervention, kindergartners from low-income communities had to follow 24 30-minute 

lessons, in which activities such as number recognition, number sequencing, problem solving 

and linear board game playing, were implemented. Two control groups were included: one 
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group of children who received vocabulary instruction and one group of children who 

received business as usual. Findings revealed that children who received the numerical 

intervention outperformed the control children on several measures of number competencies 

and general math achievement at the posttest. Follow-up data showed that many of these 

intervention effects held eight weeks after the intervention. 

Other intervention studies were less comprehensive and only focused on specific aspects 

of numerical magnitude processing, often presented through numerical board games. For 

example, Siegler and Ramani (2008) showed that playing a linearly organized numerical 

board game for four 15-minute sessions had a positive effect on the numerical knowledge of 

kindergarteners from low-income backgrounds. In this study, children in the experimental 

condition played a board game that consisted of 10 horizontally arranged squares that had the 

numbers 1-10 listed consecutively from left to right. Children had to spin a spinner and then 

move their token the number of spaces indicated on the spinner (one or two), while saying the 

numbers on the spaces through which they moved. In the control condition, children had to 

do the same, but now with colors instead of numbers. The numerical board game improved 

low-income children’s knowledge of numerical magnitudes, as measured by a number line 

task, to the point where they reached the same performance level as middle-income children 

who did not play the game. The color board game did not show this effect. Several studies 

have found similar effects in larger groups of pre-schoolers and by using diverse numerical 

tasks, such as counting, numeral identification, numerical magnitude comparison, number 

line estimation and arithmetic problem solving (Ramani & Siegler, 2008, 2011; Siegler & 

Ramani, 2009; Whyte & Bull, 2008).  

These board games have also been implemented in a computer-based format. For 

example, ‘The Number Race’ game (Wilson et al., 2006a) aims to train children to make 

numerical magnitude comparisons and attempts to strengthen the connections between 
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symbolic and non-symbolic magnitude representations by simultaneously presenting different 

formats of magnitudes (Arabic digits, dot-arrays and number words). The game is adaptive 

and also includes training on the conceptualization and automatization of addition and 

subtraction facts in later stages of the game. Studies in children with mathematical difficulties 

(Räsänen, Salminen, Wilson, Aunio, & Dehaene, 2009; Wilson, Revkin, Cohen, Cohen, & 

Dehaene, 2006b) or children from low-income backgrounds (Wilson, Dehaene, Dubois, & 

Fayol, 2009) have shown that The Number Race has positive effects, particularly it improves 

children’s symbolic comparison performance.  

More recently, Kucian et al. (2011) developed the ‘Rescue Calcularis’ game, in which 

children had to position Arabic digits, addition and subtraction problems or dot arrays on a 

number line from 0 to 100. Twenty-five training sessions of 15 minutes led to an improved 

spatial representation of numbers and better arithmetical skills in children with mathematical 

difficulties. 

The above mentioned studies indicate that specific short interventions can improve 

children’s numerical magnitude representations and, additionally, can have a positive effect 

on their mathematical skills. However, none of these studies focused on children with MID, 

although these children are known to have difficulties in processing numerical magnitudes 

(Brankaer et al., 2011). Therefore, the goal of the present study was to develop and evaluate 

an intervention for children with MID. We presented the intervention in a game-like format 

because previous studies in children with mathematical difficulties (Wilson et al., 2006b; 

Kucian et al., 2011) and from low-income backgrounds (Ramani & Siegler, 2008, 2011; 

Siegler & Ramani, 2008, 2009) have shown that simple short games are particularly effective 

in fostering children’s numerical representations. The intervention comprised eight 

15-minutes sessions, which was somewhat more than in previous interventions in 

kindergarteners from low-income backgrounds (Ramani & Siegler, 2008; Siegler & Ramani, 
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2009). This was done because children with MID are expected to be slower learners than 

children with an average intelligence. 

Brankaer et al. (2011) showed that the difficulties of children with MID were more 

prominent on the symbolic than on the non-symbolic comparison task, suggesting that these 

children have difficulties in understanding the numerical meaning of Arabic digits. Against 

this background, we developed a numerical domino game that particularly focuses on the 

association between these numerical symbols and the quantities they represent. The effects of 

this game were evaluated with a randomized pretest-posttest design with two groups of 

children: one group that played the numerical domino game and one control group that 

played a color domino game, which was comparable to the numerical version with as only 

difference that numerical magnitudes were replaced by colors. Before and after the 

intervention, we examined children’s performance on a symbolic and non-symbolic 

magnitude comparison task as well as their performance on a general standardized test for 

arithmetic. We hypothesized that children who played the numerical domino game would 

improve more in numerical magnitude processing than children who played the control color 

domino game, and that their improvement would be most pronounced on the symbolic 

comparison task because this task specifically targets the connection between Arabic digits 

and the magnitudes they represent. We predicted that especially children’s reaction times on 

this task would improve because response speed is a more sensitive measure that can reveal 

differences in numerical magnitude processing that may not be uncovered when looking at 

accuracy only (see Berch, 2005, for a discussion). In view of the established association 

between symbolic magnitude processing and mathematics achievement (De Smedt et al., 

2009; Holloway & Ansari, 2009), we hypothesized that the intervention would also have a 

positive effect on children’s general arithmetical abilities. 
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Method 

Participants 

Participants were recruited from three special education schools for children with MID. 

To get enrolled in this type of school, children need an attest that reports on their intelligence 

and provides them with a clinical diagnosis of MID. The following three standardized 

intelligence tests were administered as measures of intellectual ability: (1) the Dutch version 

of the Wechsler Preschool and Primary Scale of Intelligence - Revised (WPPSI-RNL; Vander 

Steene & Bos, 1997), (2) the Dutch version of the Wechsler Intelligence Scale for Children - 

Third Edition (WISC-IIINL; Kort et al., 2005), or (3) Snijders-Oomen Nonverbal Intelligence 

Test Revised (SON-R 2.5-7; Tellegen et al., 1998). Against the background of DSM-IV-TR 

criteria for defining MID (APA, 2000), only children with an IQ between 55 and 75 were 

included. The final sample consisted of 30 children with MID (16 boys, Mage = 8.36 years, 

SD = 0.83). Parental consent was obtained for all children.  

Within each school, participants were randomly assigned to either the numerical domino 

game or to the color domino game. The numerical domino game condition consisted of 15 

children (8 boys, Mage = 8.23 years, SDage = 0.98, Rangeage = 6.96 - 9.64, MIQ = 67.20, 

SDIQ = 5.38, RangeIQ = 57 - 75), and 15 children were assigned to the color domino game 

condition (8 boys, Mage = 8.48 years, SDage = 0.65, Rangeage = 7.34 - 9.48, MIQ = 67.00, 

SDIQ = 5.43, RangeIQ = 57 - 73). Groups did not differ in chronological age (t(28) = 0.82, 

p = .42, ηp² = .02) or in intellectual ability (t(28) = 0.10, p = .92, ηp² < .01) and were perfectly 

matched on sex and educational environment. 

Materials and Procedure 

Ethical approval for the study was given by the University ethics committee. The 

intervention consisted of eight 15-minute sessions, two sessions a week, similar to previous 

interventions (Ramani & Siegler, 2011; Siegler & Ramani, 2009). Each child met one-on-one 
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with a trained experimenter and both competed with each other in a domino game. In each 

session, two different versions of the game were played for about 7 minutes to keep 

children’s attention and motivation high. All children met with the same experimenter in all 

intervention sessions. All sessions took place in a quiet room at the school of the children. 

Numerical domino game. The domino tiles were 6 × 3 cm. Each tile consisted of two 

equal 3 × 3 cm squares, divided by a vertical line. On one side of the tile an Arabic digit was 

printed, while the other side showed a dot array or collection of objects (car, star, butterfly, 

ball or a combination). The child and experimenter started each with 5 or 7 tiles, depending 

on the total number of tiles that were used in the game: 25 tiles were used for the quantities 1 

to 5 and 6 to 10 (start with 5 tiles), while 50 tiles were used for the quantities from 1 to 10 

(start with 7 tiles). Then, both players took turns placing a tile on the table. A tile could be 

played when the quantity shown on that tile matched the quantity of the tile on the table, i.e. 

when the Arabic digit matched the dot/object array and vice versa (Figure 1). The first player 

who played all his tiles, or the player with the fewest tiles left at the end of the game, i.e. after 

7 minutes, won the game. In the first three intervention sessions, quantities from 1 to 5 were 

presented. In session 4 to 6, tiles with quantities from 6 to 10 were used. In the last two 

sessions (session 7 - 8), children had to play with quantities in the 1 to 10 range. In session 1, 

4, 7 and 8, only tiles with digits and dot arrays were used. In the remaining sessions, a 

combination of tiles with digits, dot arrays and object arrays was presented. Furthermore, in 

session 3, 6 and 8, a time-limit of 10 seconds to play a tile was introduced, encouraging the 

children to answer as quickly as possible (see Appendix for a more detailed overview of the 

course of the sessions).  

Color domino game. This game was comparable to the numerical domino game, with the 

only difference that colors replaced Arabic digits and colored shapes/cartoon-figures were 

used instead of dot/object arrays (Figure 1). The eight intervention sessions followed exactly 
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the same procedure as the numerical condition and the same playing rules were applied. 

Children had to match the correct color with the correct colored shape/cartoon-figure and 

vice versa. Detailed information about the course of the sessions is shown in the Appendix. 

Pre- and Posttest Measures 

Pre- and posttests were administered one week before and after the intervention. All 

participants were tested individually in a quiet room at their own school during regular school 

hours.  

Computerized tasks. The computerized tasks were presented using the E-prime 2.0 

software (Schneider, Eschmann, & Zuccolotto, 2002) on a 17 inch laptop. Children were 

instructed to perform both accurately and quickly. Stimuli occurred in white on a black 

background in Arial font (size 72). Each trial started with a 250ms fixation cross in the centre 

of the screen. After 1000ms the stimulus appeared and remained visible until a response 

occurred, except for the non-symbolic numerical magnitude comparison task where the 

stimulus disappeared after 840ms, in order to avoid counting. Each trial was initiated by the 

experimenter with a control key. Participants had to respond by pressing a key on a computer 

keyboard that was put in front of the laptop and was connected to it. The left response key, 

labeled with a blue sticker, was ‘d’; the right response key, labeled with a yellow sticker, was 

‘k’. Each task was preceded by three practice trials to familiarize the child with the key 

assignments. Answers and reaction times were recorded by the laptop. 

Symbolic numerical comparison. A classic numerical magnitude comparison task 

(Sekuler & Mierkiewicz, 1977) was administered. In this task, children had to indicate the 

numerically larger of two simultaneously presented Arabic digits, one displayed on the left 

and one displayed on the right side of the screen. Stimuli involved all combinations of the 

digits 1 to 9, yielding 72 trials. Children had to answer by pressing the response key on the 

side of the larger digit. The position of the largest digit was counterbalanced. 
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Non-symbolic numerical comparison. Children had to indicate the larger of two 

simultaneously presented dot arrays, one displayed on the left and one displayed on the right 

side of the screen. Stimuli comprised the same numerosities as in the symbolic comparison 

task, yielding 72 trials. The stimuli were generated with the MATLAB script provided by 

Piazza, Izard, Pinel, Le Bihan, and Dehaene (2004) and were controlled for non-numerical 

parameters, i.e. individual dot size, total occupied area, and density. This was done to reduce 

the likelihood that children would rely on these non-numerical cues or perceptual features to 

make a correct decision. Similar to the symbolic comparison task, children had to select the 

larger numerosity by pressing the response key on the side of the larger numerosity. The 

position of the largest numerosity was counterbalanced. 

Control task: Motor reaction time. This task was included to control for children’s 

response speed on the keyboard. Two figures appeared on the screen, one of which was 

colored white. The child had to press as soon as possible on the side of this white figure. 

Twenty experimental trials were presented. 

Paper-and-pencil test: arithmetical ability. Arithmetical ability was assessed using a 

standardized paper-and-pencil arithmetic achievement test, Tempo Test Arithmetic (de Vos, 

1992). In this test, children had to solve basic arithmetic problems as accurately and quickly 

as possible (e.g., 7 + 2 = ). For each operation, 40 problems of increasing difficulty were 

presented and children were required to solve as many problems as possible within a one-

minute period. In this study, we only presented the addition problems, as our participants did 

not yet receive instruction in subtraction, multiplication and division. The score on this test 

was the number of correctly solved problems within one minute. 

Results 

Table 1 shows the descriptive statistics of both groups at the pre- and posttest. Mean 

reaction times were based on correct responses only. The effect of the intervention was 
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evaluated with a repeated measures ANOVA with Session (pretest vs. posttest) as within-

subjects factor and Group (color vs. numerical) as between-subjects factor on children’s 

accuracy and reaction time. Partial eta-squared was calculated as a measure of effect size. It 

is important to note that no significant group differences were observed on the pretest 

measures (ps > .15), indicating that randomization was successful and that both groups 

started at a comparable performance level. 

Control task 

Accuracy on this task was very high (≥ 97%) and at ceiling. For response speed, no main 

effect of group (F(1,28) = 0.01, p = .99, ηp² < .01), main effect of session (F(1,28) = 0.52, 

p = .48, ηp² = .02) or interaction between group and session (F(1,28) = 0.10, p = .76, ηp² < 

.01) were found. This excludes the possibility that the intervention effects would be due to 

increases or group differences in general response speed. 

Symbolic numerical comparison 

With regard to accuracy, there was no main effect of group (F(1,28) = 0.01, p = .93, 

ηp² < .01) or session (F(1,28) = 1.06, p = .31, ηp² = .04) and no group × session interaction 

was found, F(1,28) = 1.43, p = .24, ηp² = .05.  

Turning to reaction times, there was no main effect of group (F(1,28) = 0.35, p = .56, 

ηp² = .01) or session (F(1,28) = 0.01, p = .92, ηp² < .01) but the expected group × session 

interaction was significant, F(1,28) = 7.75, p = .01, ηp² = .22 (Figure 2). Children who played 

the numerical domino game became significantly faster from pretest to posttest (paired-

t(14) = -2.21, p = .04, ηp² = .26), while children who played the color domino game did not 

(paired-t(14) = 1.77, p = .10, ηp² = .18). 

Non-symbolic numerical comparison 

With respect to accuracy, no main effect of group was found, F(1,28) = 1.65, p = .21, 

ηp² = .06. There was a trend for improvement in the number of correctly solved items from 
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pretest to posttest, F(1,28) = 3.92, p = .06, ηp² = .12, yet the group × session interaction was 

not significant, F(1,28) = 1.02, p = .32, ηp² = .04. 

Turning to reaction time, no main effect of group was found, F(1,28) = 0.02, p = .90, 

ηp² < .01. Children became significantly faster from pretest to posttest, as illustrated by a 

main effect of session, F(1,28) = 6.75, p = .02, ηp² = .19, but no interaction between group 

and session was found, F(1,28) = 0.32, p = .57, ηp² = .01. 

Arithmetical ability: addition 

There was no main effect of group, F(1,28) = 0.76, p = .39, ηp² = .06. Children improved 

in the number of correctly solved addition problems from pretest to posttest (F(1,28) = 6.25, 

p = .02, ηp² = .18), but there was no group difference in the extent of their progress, 

F(1,28) = 1.75, p = .20, ηp² = .06. 

Discussion 

Understanding the cognitive processes underlying mathematical difficulties is important 

to design appropriate interventions. Children with MID are known to have problems with the 

development of mathematical abilities, and these problems may be related to the difficulties 

these children experience with numerical magnitude representations (Brankaer et al., 2011). 

Against this background, we developed an intervention that tried to foster children’s 

numerical representations, and in particular children’s connections between Arabic digits and 

the quantities they represent. Because previous studies in children with mathematical 

difficulties (Wilson et al., 2006b) and from low-income backgrounds (Ramani & Siegler, 

2008, 2011; Siegler & Ramani, 2008, 2009) have shown that short simple games are 

particularly effective in fostering children’s numerical representations, we developed a 

numerical domino game and tested the hypothesis that playing this domino game would 

improve children’s ability to understand and represent numerical magnitudes, and in 

particular their ability to connect symbolic numbers with the magnitudes they represent.  
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Findings revealed that children improved on the non-symbolic comparison and arithmetic 

task from pretest to posttest, regardless of the domino game they played. However, on the 

symbolic comparison task only children who played the numerical domino game became 

significantly faster from pretest to posttest, while children who played the color domino game 

did not. This fits with our expectations and indicates that the numerical domino game 

especially strengthens the connection between Arabic digits and their corresponding 

magnitudes, a particular area of difficulty for children with MID (see Brankaer et al., 2011). 

It is important to point out that the present findings should be treated with great caution. As 

illustrated in Figure 2, it is possible that regression to the mean could have influenced the 

present findings because both groups of children showed a difference of nearly 200ms at the 

pretest in response speed on symbolic numerical comparison, even though this difference was 

not statistically significant. Nevertheless, we would like to stress that our participants were 

randomly assigned to two groups: One group that played the numerical domino game and one 

group that played the color domino game. This random assignment should have reduced the 

effect of regression to the mean, because both groups should be equally affected by this effect 

(see Barnett, van der Pols and Dobson, 2004). 

Contrary to our expectations, the improvement on addition problem solving was not 

larger in the numerical domino group than in the color domino group, suggesting that the 

observed improvement might be due to practice effects. Therefore, one might question 

whether the numerical domino game can lead to true far-transfer effects to arithmetic 

achievement. The absence of this generalization effect is similar to some earlier intervention 

studies on numerical magnitude processing (Räsänen et al., 2009; Wilson et al., 2009), but 

different from others that showed generalization effects to mathematics achievement (Jordan 

et al., 2012; Siegler & Ramani, 2009). A possible explanation for this finding is that the latter 

studies also included arithmetic problem solving training in their intervention, whereas we 
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did not. Future research should therefore investigate whether including an additional 

arithmetic component in the present intervention could lead to larger generalization effects.  

Furthermore, some studies (e.g., Jordan et al., 2012) also included subtraction problems, 

whereas we only focused on addition. The latter was done because our participants with MID 

only received instruction in addition so far. It is possible that subtraction draws more strongly 

on numerical magnitude processing than addition (Wilson et al., 2006b), so that intervention 

effects would generalize more easily to subtraction than to addition problems. It is also 

important to point out that Jordan et al. (2012) and Siegler and Ramani (2009) included 

children with normal intellectual ability. By contrast, the present study comprised children 

with MID, popularly known as ‘slower learners’. These children with MID were enrolled in 

special education schools and already received some years of formal education. It is possible 

that they need more (intensive) training sessions in order to obtain larger generalization 

effects. Future studies, varying in training intensity, should investigate this possibility.  

Another important difference between the present study and previous ones is that the 

numerical domino game did not provide any linear spatial cues, while the other studies did in 

the format of a board game (Jordan et al., 2012; Siegler & Ramani, 2009) or number line 

(Kucian et al., 2011). Although Whyte and Bull (2008) showed that playing a nonlinear 

number game - in which a link between Arabic digits and their magnitudes was provided - 

also improved children’s numerical magnitude understanding, other studies have pointed to 

the importance of these linear spatial aspects (Ramani & Siegler, 2011; Siegler & Ramani, 

2009). Against this background, it might be interesting for future studies to add an additional 

intervention group that practices with a game with linear cues to determine whether these 

linear cues could enlarge the intervention effects of our numerical domino game. Related to 

this, van Nes and Doorman (2011) highlighted the importance of spatial structures in 

children’s mathematical development. Therefore it might be interesting for future studies to 
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include an additional intervention group in which children practice with structured dot 

patterns on their domino tiles.  

It should be noted that the sample size of our study was relatively small, which might 

have impacted on the results of the current investigation. However, our data show that even 

in the current sample, a short intervention can positively affect numerical magnitude 

processing skills in children with MID. Additionally, a post-hoc power analysis for the 

current sample size by means of the G*power program (Erdfelder, Faul, & Buchner, 1996) 

demonstrated that the present study had a power of .98 to detect a medium effect (η² = .13) 

and a power of .76 to detect an effect of a similar size as observed in other intervention 

studies that used slightly different interventions (e.g., Ramani & Siegler, 2008). This suggests 

that the present study had sufficient power to detect meaningful intervention effects. Still, it 

would be useful for future research to investigate the effects of the game in larger groups of 

children with MID.  

The finding that the numerical domino game led to significant improvements in children’s 

symbolic number comparison speed, is promising and it would be worthwhile for future 

studies to intensify the training for children with MID with more and longer sessions. This 

could be done by involving parents more actively in the intervention program and letting 

them practice with their child at home. Alternatively, one could investigate whether the same 

learning effects would occur if children would practice in small groups rather than with one 

experimenter. Ramani, Siegler, and Hitti (2012) already explored this option in children from 

low-income backgrounds and found that small group activities are an effective way to 

promote early mathematical abilities. It is even possible that children will learn more in 

group, as they can learn from each other while playing the game.  

The numerical domino game used in the present study has several advantages that 

recommend it for widespread use. For example, it requires little instruction for (remedial) 
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teachers and parents, because most of them are already familiar with the principles of a 

classic domino game. The game format is motivating and most children really enjoy playing 

these types of games (see Ramani & Siegler, 2008). The difficulty of the game can also be 

easily adapted to children’s individual performance level, which has positive effects on the 

child’s motivation and attention (see Wilson et al., 2006a for a similar rationale). 
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Table 1 

Mean accuracy and reaction times for both groups at pretest and posttest 

    Pretest Posttest 

    M SD M SD 

Motor reaction time (ms) Color 627.11 143.39 614.49 125.35 

 Numerical 637.37 230.47 605.78 154.02 

Symbolic comparison      

   Accuracy  Color 0.81 0.11 0.85 0.09 

 Numerical 0.83 0.09 0.83 0.09 

   Reaction time (ms) Color 1045.82 281.63 1157.37 252.23 

 Numerical 1224.93 392.53 1104.49 317.22 

Non-symbolic comparison      

   Accuracy  Color 0.82 0.14 0.87 0.08 

 Numerical 0.87 0.07 0.89 0.07 

   Reaction time (ms) Color 936.34 314.72 791.00 162.74 

 Numerical 901.72 228.10 808.59 165.37 

Tempo Test Arithmetica Color 6.87 3.11 7.40 4.15 

  Numerical 5.20 3.26 6.93 3.69 

Note. Accuracy is expressed in proportion correct. Reaction time is expressed in 

milliseconds. a Number of correctly solved addition problems within a one-minute period. 
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Figure 1. Example of the numerical domino game (top) and the control color domino game 

(bottom). 
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Figure 2. Interaction between group and session on the symbolic numerical comparison task 

(reaction time). 
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Appendix 

Intervention sessions for the numerical domino game 
 
Session Quantities Course of the sessions Tiles 

1 1 - 5  Game 1: matching numbers to dot arrays (working from left to right) left: numbers/right: dot arrays 
Game 2: matching dot arrays to numbers (working from left to right) left: dot arrays/ right: numbers 

2 1 - 5 
Game 1: matching numbers to dot arrays + vice versa (both directions) left: numbers/right: dot arrays 
Game 2: matching numbers to object arrays + vice versa (working in both 
directions) left: numbers/right: object arrays 

3 1 - 5 

Game 1: matching numbers to dot and object arrays + vice versa (working in 
both directions) 

left: numbers/right: dot and object 
arrays 

Game 2: identical to game 1, with a time-limit left: numbers/right: dot and object 
arrays 

4 6 - 10 Game 1: matching numbers to dot arrays (working from left to right) left: numbers/right: dot arrays 
Game 2: matching dot arrays to numbers (working from left to right) left: dot arrays/ right: numbers 

5 6 - 10 

Game 1: matching numbers to dot arrays + vice versa (working in both 
directions) left: numbers/right: dot arrays 

Game 2: matching numbers to object arrays + vice versa (working in both 
directions) left: numbers/right: object arrays 

6 6 - 10 

Game 1: matching numbers to dot and object arrays + vice versa (working in 
both directions) 

left: numbers/right: dot and object 
arrays 

Game 2: identical to game 1, with a time-limit left: numbers/right: dot and object 
arrays 

7 1 - 10 Game 1: matching numbers to dot arrays (working from left to right) left: numbers/right: dot arrays 
Game 2: matching dot arrays to numbers (working from left to right) left: dot arrays/ right: numbers 

8 1 - 10 
Game 1: matching numbers to dot arrays + vice versa (working in both 
directions) left: numbers/right: dot arrays 

Game 2: identical to game 1, with a time-limit left: numbers/right: dot  arrays 
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Intervention sessions for the color domino game 
 
Session Colors Course of the sessions Tiles 

1 Y, P, Bl, 
Br, W 

game 1: matching colors to colored shapes (working from left to right left: colors/right: colored shapes 
game 2: matching colored shapes to colors (working from left to right left: colored shapes/right: colors 

2 Y, P, Bl, 
Br, W 

game 1: matching colors to colored shapes + vice versa (both directions) left: colors/right: colored shapes 
game 2: matching colors to colored cartoons + vice versa (both directions) left: colores/right: colored cartoons 

3 Y, P, Bl, 
Br, W 

game 1: matching colors to colored shapes and cartoons + vice versa (both 
directions) 

left: colors/right: colored shapes and 
cartoons 

game 2: identical to game 1, with a time-limit left: colors/right: colored shapes and 
cartoons 

4 O, G, R, 
Gr, Pu 

game 1: matching colors to colored shapes (working from left to right left: colors/right: colored shapes 
game 2: matching colored shapes to colors (working from left to right left: colored shapes/ right: colors 

5 O, G, R, 
Gr, Pu 

game 1: matching colors to colored shapes + vice versa (both directions) left: colors/right: colored shapes 
game 2: matching colors to colored cartoons + vice versa (both directions) left: colores/right: colored cartoons 

6 O, G, R, 
Gr, Pu 

game 1: matching colors to colored shapes and cartoons + vice versa (both 
directions) 

left: colors/right: colored shapes and 
cartoons 

game 2: identical to game 1, with a time-limit left: colors/right: colored shapes and 
cartoons 

7 All colors game 1: matching colors to colored shapes (working from left to right) left: colors/right: colored shapes 
game 2: matching colored shapes to colors (working from left to right) left: colored shapes/right: colors 

8 All colors game 1: matching colors to colored shapes + vice versa (both directions) left: colors/right: colored shapes 
game 2: identical to game 1, with a time-limit left: colored shapes/right: colors 

Note. Y = Yellow, P = Pink, Bl = Blue, Br = Brown, W = White, O = Orange, G = Green, R = Red, Gr = Grey, Pu = Purple. 


