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Individual variance in responsiveness to early computerized mathematics 

intervention 

 

We examined the effects of short, intensive computerized intervention in early number 

skills for kindergarteners with poor addition skills (below 1.5 SD). The mathematical 

content of the software was hierarchically organized, starting from one-to-one 

correspondence, comparing and ordering, and proceeding via number concept and 

counting to basic addition. The results showed positive within-group effects for basic 

addition (Wilcoxon ES (r) = .59), verbal counting (.56), and the Number Sets Test 

(.45; see Geary et al., 2009). The effects remained stable over a 9-week follow-up 

period. However, there was no significant between-group difference in terms of gain 

scores as compared to a wait-list control group. Based on game-log data, individual 

variance in responsiveness to the intervention was analyzed. Even though the findings 

suggest that adaptive, hierarchically organized content could provide effective support 

for some children with poor early number skills, more specific instruction and 

feedback system are needed in individualizing interventions. 

 

Keywords: computer-assisted intervention (CAI); kindergarten; early number skills; 

game-log data; response to intervention (RTI) 
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1. Introduction 

Basic arithmetic (i.e., addition and subtraction skills) is an important predictor for 

later school mathematics achievement above and beyond the influence of intelligence 

(Duncan et al., 2007; Geary, 2011a; Geary, Hoard, & Bailey, 2012). Difficulties in basic 

arithmetic and fact retrieval are very persistent (Geary, 2011b), and they constitute a core 

feature of mathematics difficulties (MD) (Gersten, Jordan, & Flojo, 2005). Accumulated 

knowledge about the development of early number skills as a basis for arithmetic has 

helped to advance means of early identification and support (Butterworth, 2005; Morgan, 

Farkas, & Wu, 2009). However, there is still a need to examine effective, evidence-based 

intervention methods (Butterworth, Varma, & Laurillard, 2011; Jordan & Levine, 2009), 

especially among kindergarteners with poor early number skills (performance below 10th 

percentile; Morgan, et al., 2009; Murphy, Mazzocco, Hanich, & Early, 2007). 

Early arithmetic skill seems to develop via different hierarchical modules of sub-

skills. In this regard, approximate magnitude discrimination is the innate skill of 

subitizing small sets of objects and quickly differentiating which of the two sets of 

objects is the larger when the difference between the quantities is significant enough 

(Geary, 2013; Dehaene, 2011). The ability to recite number words evolves later with the 

development of expressive language skills, which thus enables meaningful counting 

(Krajewski & Schneider, 2009). After that, the link between the number words, quantities 

and symbols becomes precise (Geary, 2013; Krajewski & Schneider, 2009). This 

developmental step is required for describing the exact amount of quantities exceeding 

the subitizing range. Furthermore, an explicit number system, including an understanding 
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of the relationships between numbers, is the next vital step for composing and 

decomposing, and thus, basic arithmetic skills (cf. Geary, 2013; Krajewski & Schneider, 

2009). Von Aster (2000) has noted that individual development is also dependent on the 

maturation of semantic, verbal, and visual/symbolic modules, which are all necessary for 

calculation skills. 

Due to the diversity of the deficits associated with MD (e.g., Rubinsten & Henik, 

2009), as well as the heterogeneity among individuals with MD (e.g., Geary, 2004; 

Jordan, Hanich, & Kaplan, 2003; Von Aster & Shalev, 2007), there is a call for tailored 

interventions (Dowker, 2001; Geary, 2011b; Slavin & Lake, 2008), and continuous 

evaluation and identification of children who are not responding to support (Fuchs, 

Fuchs, & Compton, 2012). Therefore, adaptive intervention programs with dynamic, 

simultaneous assessment tools could be beneficial in identifying children with (or at-risk 

for) MD, and for assisting teachers in planning individualized support. 

A well-planned computer-assisted intervention (CAI) offers several possibilities 

for tailored practice (Seo & Bryant, 2009; Slavin & Lake, 2008), even though the main 

trend in terms of the effectiveness of CAI on number skills has been suggested to be in 

decline in recent decades (Cheung & Slavin, 2013). The factors behind CAI’s positive 

effects on arithmetic development are challenging to identify due to variations among the 

target group’s characteristics, group sizes, practiced numerical content and the 

instructional components, and the interventions’ intensiveness in previous studies (see 

Table 1). In order to further develop the use of computers in learning, it is important to 

establish the specific components needed for effective, tailored intervention. 
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The core components of effective numerical intervention for children with (or at-

risk for) MD include explicit instructions; repetitive training in basic concepts; step-by-

step proceeding; early success; immediate corrective, continuous, and cumulative 

feedback; and a motivating environment with which to maintain task-orientation (Baker, 

Gersten, & Lee, 2002; Fuchs et al., 2008; Gersten et al, 2009). Basic skills should be 

addressed before more complex ones (Dowker, 2001; Sarama & Clements, 2009), and 

sub-skills should be integrated rather than addressed separately (Fuchs et al., 2012). 

Further, the relationship between non-symbolic and symbolic notations should be 

emphasized (Griffin, 2004; Van Luit & Schopman, 2000). However, it seems that 

previous CAIs for arithmetic have mainly consisted of drill-based practice used for 

automatizing fact retrieval (see Table 1). Despite generally positive results, the stability 

of improvements stemming from the intervention is rarely reported. Nonetheless, Kucian 

et al. (2011) and Shoppek and Tulis (2010) have demonstrated the delayed effects of a 

short-term intervention that utilized a variety of mathematics content (see descriptions in 

Table 1). 

There is no pre-existing evidence concerning the effects of gradually enhancing 

children’s development of early number skills on learning arithmetic. In addition to 

group-level intervention effects, we wanted to evaluate individual performance during 

practice. Therefore, the study goals were: 1) To investigate the group-level effects of 

short and intensive intervention with a GraphoGame Math program (GGM; see 

description in section 2.4.) and to assess the stability of any effects; 2) To contrast the 

intervention participants’ gain scores with the performance level of a wait-list control 
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group; and 3) To evaluate the responsiveness to GGM intervention at an individual level 

by analyzing the game-log data. 

Insert Table 1 here. 

2. Method 

Kindergarten teachers from 24 different day care centers in southern Finland were 

each asked to nominate two children from their group as candidates most in need of extra 

mathematics intervention. With their parents’ permission, the children (n = 48) 

participated in assessments and computer-assisted intervention. All 48 children were 

individually tested to determine their early number skills. For ethical reasons, all the 

children were included in the intervention, even though the assessments indicated that the 

group of candidates included false positives. Participants were randomized into either 1) 

a GGM group (n = 24) that took part in GraphoGame Math practice during the first 

intervention period and had no practice during the second intervention period; or 2) a 

control group (n = 24) that had no extra practice during the first intervention period and 

participated in another numerical practice during the second intervention period. All 

participants were native speakers of Finnish. 

2.1. Study participants 

Of the 48 participants, 21 children fulfilled the criteria for poor addition skills (1.5 

SD below the normative age level; below 7th percentiles) and were thus included in the 

analyses. The inclusion criterion was being unable to solve more than three simple 

addition problems (e.g., 2 + 1, 1 + 3, 3 + 2) in a time-limited task, as compared to the 
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age-level mean score of 18 out of 45. The reference data had been collected by research 

assistants for another study one month prior to when the data collection for the current 

study was carried out (reference sample n = 77; mean age = 74.2 months, SD = 3.6). A 

sub-sample of 13 children (4 boys and 9 girls; each from different day care centers) 

formed the GGM group (mean age = 78.6 months, SD = 5.4). One participant was not 

present for the third assessment due to illness. The missing data point was replaced by 

adding the mean gain score of the GGM group (the difference between the third and 

second assessments) to the child’s score in the second assessment. This did not have an 

effect on the statistical significance of the findings. A sub-sample of 8 children (5 boys 

and 3 girls; each from different day care centers) formed the control (CTR) group (mean 

age = 76.6 months, SD = 4.3). 

2.2. Design 

The study was carried out in the day care centers for 14 weeks, from November to 

February, including four non-computerized assessment points and two cycles of 

intervention. After the first assessment (Time 1; week 1), the participants were randomly 

divided into two groups (week 2). During weeks 3−5, the GGM group played 

GraphoGame Math, while the CTR group received no extra intervention. After this 3-

week cycle, the second assessment was conducted (Time 2; week 6). Next followed a 

break (weeks 7−9) due to the holiday season. The third assessment was administered after 

the break (Time 3; week 10). During weeks 11−13, the GGM group received no extra 

intervention, while the CTR group was offered another type of numerical intervention. 

Finally, the fourth assessment (Time 4; week 14) was conducted. Due to the different 
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character of the numerical intervention for the CTR group, comparisons are only made 

for the gain scores until the third assessment. 

During the study, all participants followed their normal kindergarten curriculum. 

According to the Finnish National Board of Education (2010; downloadable in English), 

an understanding of concepts, classification, comparison, and sorting are specified as 

objectives for early mathematics in pre-primary education (pp. 11−12). 

2.3. Early number skill measures 

To assess the reliability the measures of early number skills were piloted before 

the study. The pilot study sample consisted of kindergarten children from southern 

Finland (n = 34). Pearson correlation coefficients for test–retest results (over a week) are 

reported here separately for each measure. 

2.3.1. Enumeration 

The enumeration task consisted of a number concept task involving 18 large 

wooden beads (Salminen, Räsänen, Koponen, & Aunio, 2008a). The child was asked to 

pick up the number of beads that the tester had requested and then put them on the table. 

Six different quantities were requested: 3, 6, 8, 10, 13, and 17. The score was the number 

of correct answers (maximum of 6 points). The Pearson correlation coefficient for test–

retest in the pilot study was .72, p < .001 (2-tailed). 

2.3.2. Verbal counting 

Three different verbal counting tasks were adapted from Diagnostic Tests 3 

(Salonen et al., 1994). In the first subtest, the child was asked to count forward starting 
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from 1. A correct response containing number words between 2 and 9 was scored as 1 

point, 10−19 as 2 points, 20−29 as 3 points, and 30 as 4 points. In the second subtest, the 

child counted 4 steps forward from a given number word: 3, 8, 12, and 19. In the third 

subtest, the child was asked to count 4 steps backwards from a given number word: 4, 8, 

12, and 23. In the two latter subtests one point was given for each correctly performed 

number word sequence. A sum score of the three subtests was used in the analyses 

(maximum of 12 points). The Pearson correlation coefficient for test–retest in the pilot 

study was .80, p < .001 (2-tailed). 

2.3.3. Number Sets Test 

The original Number Sets Test (Geary, Bailey, & Hoard, 2009) consists of four 

different parts. In this paper and pencil test, the child was asked to determine as quickly 

and accurately as possible whether pairs or trios of object sets and/or Arabic numbers 

match a standard number (5 and 9). Part A involves objects, Part B objects and numbers. 

Before starting the test, the target number 4 was used when explaining the task. The 

target number 3 was administered as practice. In this study, only the target number 5 was 

used. The child was asked to circle the correct pairs or trios that matched 5. A stopwatch 

was used to measure the time limit of 1 minute per part. The sensitivity for identifying 

matching pairs or trios (correct responses minus incorrect ones) was scored for both parts, 

although only Part A was used for the analyses because of a floor effect in Part B. The 

maximum score was 18 points. The Pearson correlation coefficient for test–retest in the 

pilot study was .82, p < .001 (2-tailed). 
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2.3.4. Basic addition 

The basic addition task included single-digit addition problems (a + b = __) in 

which the sum was 10 or less (Salminen, Räsänen, Koponen, & Aunio, 2008b). The items 

were pseudo-randomly ordered. Problems in which the sum was five or less were 

presented first, while highly similar problems were not permitted to follow each other 

(e.g., 2 + 2 = __ and 2 + 3 = __). Add-zero problems were excluded. The task 1 + 1 = __ 

was administered as practice, while the tasks 3 + 3 = __ and 1 + 5 =__ (presented 

vertically) were used for demonstrating a vertical list. The child was instructed to work 

through the item list as quickly as possible and to respond orally. The time limit of 3 

minutes was measured with a stopwatch. The score was the sum of the correct responses 

(maximum of 45 points). The Pearson correlation coefficient for test–retest in the pilot 

study was .90, p < .001 (2-tailed). 

2.4. Intervention 

The original version of GraphoGame Math (GGM) was designed as part of the 

GraphoGame project at the University of Jyväskylä in Finland (see Richardson & 

Lyytinen, 2014; updated version in Finnish and Swedish at www.lukimat.fi). GGM has 

been modified and further developed as a tool for individual intervention in early number 

skills for children aged 6 and 7 who are at-risk for MD. 

GGM is theory-based and follows the hierarchy of developmental steps in early 

arithmetic development (e.g., Geary, 2013). The task types are created on the basis of 

findings from longitudinal studies. To decrease the risk of MD, one-to-one 
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correspondence, comparing, ordering, and object counting should already be emphasized 

and strengthened at kindergarten age (Desoete & Grégoire, 2006; Jordan, Kaplan, Nabors 

Oláh, & Locuniak, 2006; Reeve, Reynolds, Humberstone, & Butterworth, 2012). Both 

number concept (Geary, 2011a; McClelland, Acock, & Morrison, 2006) and counting 

skills (Aunio & Niemivirta, 2010; Aunola, Leskinen, Lerkkanen, & Nurmi, 2004; 

Koponen, Salmi, Eklund, & Aro, 2013) are also included in GGM. The evidence-based 

intervention principles and components recommended for children with (or at-risk for) 

MD (e.g., Dowker, 2001; Fuchs et al., 2008; Gersten et al, 2009; Kucian et al., 2011) as 

well as a personalized user interface with explicit auditory instructions, non-distracting 

graphics and sound, non-animated stimuli, and corrective and supportive feedback (Seo 

& Woo, 2010) are also embedded into GGM. 

The adaptation in GGM is based on the item difficulty being contingent on the 

child’s performance. The numerical notation proceeds from concrete (objects) to semi-

concrete (dots), and finally, to abstract (number words, symbols). Correspondingly, the 

number range changes from the initial 0−5 to 5−10. An accuracy rate of 85% is required 

in order to pass a level. 

GGM includes six warm-up levels to familiarize the child with the game. After 

that, one-to-one correspondence (levels 1−3), approximate comparison (levels 4−5), 

ordering (levels 6−9), and number word−quantity mapping (levels 10−11) are trained. 

Next, object counting (12−13), exact comparison (14−17), composing (18−19), and 

decomposing (20−21) are practiced. Finally, conceptual (22−23) and mental addition (24) 

then symbolic addition (25−) are practiced. While basic addition is the focus after level 



Individual variance in responsiveness 

 

12 

 

21, GGM provides periodic repetition of all the aforementioned basic number content 

through levels 25−106. Each level consists of approximately 15 trials. 

GGM includes two types of trials: either the child selects (with a mouse) the 

correct target stimulus (e.g., the number 4) among the alternatives to match an auditory 

cue (e.g., “four”), or the child organizes (with a mouse) randomly ordered stimuli (e.g., 

four cards depicting varying numbers of beavers) to match an auditory cue (e.g., “Order, 

the smallest amount first.”). The child clicks the stimuli one-by-one from the bottom of 

the screen to fill four empty places at the top of the screen. In each trial, the child 

confirms their response by clicking the “check” button. In the basic addition tasks, the 

child selects a correct addend/sum to match an auditory cue (selecting trial) or 

completes/formulates different types of calculations (cf. Riley, Greeno, & Heller, 1983) 

by organizing addends/sum and/or the arithmetical symbols plus/equal (organizing trial). 

The two trial types are present throughout the game, but are never featured together 

within a single level. In GGM, all stimuli remain on the screen until the child clicks on 

them. There is no time pressure to make the selections. If the child does not click on any 

stimulus within 30 seconds, the game pauses. These pauses are excluded from the active 

training time. 

GGM provides immediate corrective, continuous, and cumulative feedback. After 

a correct response, the child hears an expression of approval (e.g., “Great,” or “Well 

done!”), and the correct stimulus is highlighted in green, while the incorrect stimuli 

disappear. As corrective feedback after an incorrect response, the child hears a supportive 

expression (e.g., “Not exactly,” or “Try again”), while the incorrect stimulus is 
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highlighted in red and becomes unselectable. The child selects again until the correct 

stimulus is found and highlighted in green. After three incorrect selections, GGM 

provides the correct solution. During each level, continuous feedback is offered in the 

form of a constantly updated bar at the bottom of the screen showing the proportion of 

correct responses. After each level, cumulative feedback is offered in the form of stickers 

available for the child to choose from. The more correct responses the child gives, the 

more stickers are available. These stickers are collected in a personal, virtual sticker 

album. This activity is excluded from the active training time. 

2.5. Procedure 

Kindergarten teachers, trained in the assessment procedure, assessed the 

children individually at each of the four time points. The assessment tasks were 

presented in a fixed order: enumeration, verbal counting, Number Sets Test, and basic 

addition. The assessment sessions took place in a quiet, private room at each child’s 

day care center and lasted approximately 20 minutes. During the 3-week intervention 

periods, the teachers were asked to arrange a total of between 12 to 15 individual 

practice sessions during normal kindergarten hours, with 4 to 5 sessions per week. 

Each session lasted 10 to 15 minutes. The teachers assisted the children with the 

headphones (equalizing the audio levels) and helped them to start and end their 

sessions. Individual game-log data on intervention fidelity and performance during 

practice was collected throughout the study. 
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2.6. Data-analysis 

Non-parametric tests were used in the analysis (with SPSS version 20) because 

the distributions were positively skewed and the sample sizes were small. The Wilcoxon 

signed-rank test was used for analyzing the within-group (GGM) effects. To calculate the 

within-group effect sizes for the Wilcoxon signed-rank test results, the following formula 

was used: ES (r) = Wilcoxon Z/√�, where N is the number of observations (Field, 2013). 

The Mann-Whitney U -test was used to analyze the between-group differences 

(GGM/CTR) at the initial level, as well as to compare the intervention gain scores. 

Further, to calculate the between-group effect sizes for the Mann-Whitney U -test results, 

the aforementioned formula was used. The within-group results and the between-group 

results in gain scores are interpreted with exact, one-tailed p values. The results for the 

initial level group comparisons are interpreted with exact, two-tailed p values. 

3. Results 

The results are presented in three parts. First, the group-level effects are reported 

(GGM = 13). Second, the between-group differences for the GGM and the CTR groups in 

terms of gain scores are presented. Finally, the descriptive statistics for individual 

variance in responsiveness to GGM intervention, as well as individual performance based 

on game-log data are presented. The means of the raw scores, standard deviations, and 

medians of the two groups at different time points, as well as the statistically significant 

intervention effects with the gain scores are shown in Table 2. 

Insert Table 2 here. 
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3.1. The within-group effects of GraphoGame Math intervention 

The Wilcoxon test showed a significant group-level improvement in basic 

addition, verbal counting skills, and the Number Sets Test (Part A) between the first
 

and second assessments (Z = -2.99, p = .001, r = .59; Z = -2.87, p = .002, r = .56; Z = -

2.29, p = .021, r = .45, respectively). There was no significant immediate effect on 

enumeration (the scores were close to ceiling; see Table 2). 

The Wilcoxon test also revealed that the improvement in basic addition, verbal 

counting skills, and the Number Sets Test (Part A) remained stable between the first 

and third assessments (Z = -2.98, p = .001; Z = -2.84, p = .002; Z = -2.36, p = .016, 

respectively), as well as between the first and fourth assessments (Z = -2.94, p = .001; 

Z = -2.92, p = .002; Z = -2.29, p = .019, respectively). 

3.2. Intervention effects as compared to the control group 

At the first assessment point, there were no significant differences between the 

two groups (GGM/CTR) in basic addition, enumeration, or the Number Sets Test (Geary 

et al., 2009). However, the CTR group had better verbal counting skills than the GGM 

group (Mann-Whitney U = 18.5, Z = -2.46, p = .012; Table 2). 

After the GGM intervention, the differences in gain scores between the GGM and 

CTR groups did not reach significance (Table 2). Due to the non-significant differences, 

the between-group comparisons were not analyzed further. 
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3.3. Individual variance in responsiveness to intervention 

The children in the GGM group reached the instructed number of intervention 

sessions (M = 15.31, SD = 1.75, Mdn = 15.00) and minutes (active playing: M = 103.08, 

SD = 25.87, Mdn = 100.00). However, the game-log data of the 13 children showed a 

large variance in their performance. The individual progress through the hierarchically 

organized game content varied greatly, despite initially similar levels of early addition 

skills. Some of the participants needed a lot of time to complete the easiest non-symbolic 

contents. 

Two figures depict the individual performance during the intervention. Figure 1 

depicts the association between the highest played game level (ranging from 12 to 68) 

and the gain scores for the intervention period in basic addition (ranged from -1 to 15 

points). The cases are rank-ordered by the highest played game level they reached in the 

3-week intervention period. Level 21 is marked on Figure 1 as a starting point for basic 

addition contents. In general, it seems that the higher the child progressed in GGM levels, 

the better the gain in basic addition. This notion receives further support from the 

significant correlation between the highest level played and the intervention gain scores 

in basic arithmetic (Spearman’s rho .80, two-tailed p = .001). 

Insert Figure 1 here. 

As seen in Figure 1, all the participants passed the first 11 non-symbolic levels 

(containing one-to-one correspondence, approximate comparison, ordering, and number 

word−quantity mapping). There was a significant correlation between the rank-orders 

based on the highest level played and the minutes used for passing the easiest levels 
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(Spearman’s rho .85, two-tailed p < .001). This reflects the fact that the more time was 

used for the easiest non-symbolic contents, the fewer levels were passed. The time used 

for passing the easiest 11 levels is contrasted with the gain scores of the Number Sets 

Test (non-symbolic task) in Figure 2. 

Analysis of the game-log data reveals at least three kinds of profiles. First, there 

were the children who proceeded rather quickly in both basic number and addition levels, 

and also improved their skills. Second, there were the children who did not reach the 

addition levels and who did not improve their addition skills, but who still improved their 

basic number skills. Third, there were the children who did not seem to respond to the 

intervention at all, and who improved neither their addition nor basic number skills. 

Insert Figure 2 here. 

4. Discussion 

The purpose of this study was to investigate whether intensive computer-assisted 

intervention (CAI) targeting early number skills and utilizing the recommended 

principles of effective interventions (Baker et al., 2002; Fuchs et al., 2008; Gersten et al, 

2009) and a personalized user interface (Seo & Woo, 2010) would produce positive 

intervention effects in kindergarteners with poor addition skills. Over the course of a 3-

week period, daily practices with GraphoGame Math resulted in within-group 

improvements in basic addition, verbal counting, and the Number Sets Test. The effect 

sizes were relatively large (cf. Cohen, 1992), and the intervention improvements 

remained stable over the 9-week follow-up period. However, there was no between-group 

difference in gain scores as compared to a wait-list control group. 



Individual variance in responsiveness 

 

18 

 

Previously, stable effects have been reported mainly for teacher-directed 

training with specific intervention programs (e.g., Dowker, 2001; Griffin, 2004; Van 

Luit & Schopman, 2000; Wright, 2003), but not after relatively short CAI (e.g., Fuchs 

et al., 2006). However, utilizing diverse content Shoppek and Tulis (2010; children 

without mathematics difficulties) and Kucian et al. (2011; children with 

developmental dyscalculia) reported stable effects in primary school-aged children 

after intensive CAI. Baroody, Eiland, Purpura, and Reid (2012, 2013) also used mixed 

training content when introducing CAI to at-risk young children (performance below 

25%), but the authors followed the effect only for 2 weeks. 

Overall, our results are partially in line with earlier studies in which short, 

intensive (Cheung & Slavin, 2013) and repetitive training with immediate corrective, 

continuous, and cumulative feedback has been found to be beneficial for children with (or 

at-risk for) MD (Baker et al., 2002; Fuchs et al., 2008; Gersten et al., 2009). However, 

there were no significant between-group differences in terms of intervention gain scores. 

This could be partly due to the large variance in raw and gain scores revealing individual 

differences in responsiveness to the intervention. In general, a 3-week intervention period 

might be too short for children severely at-risk for problems in math development. Also, 

the sensitivity of assessment tools is often an issue in intervention research. The 

individuality in responsiveness to intervention, and the attention the children and/or 

kindergarten teachers paid to the assessments and daily kindergarten activities during the 

ongoing study, could have affected the variances in outcome measures in such a small 

scale study. The small sample size both reduces the power for revealing less robust 
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effects, and produces over estimated effect sizes (e.g., Cheung & Slavin, 2013; Slavin & 

Lake, 2008). 

The heterogeneity in responsiveness to the intervention and lack of group-level 

differences suggest that closer attention should be paid to individual development during 

the intervention. A dual-discrepancy approach has been suggested for discriminating 

between responders and non-responders to intervention (poor performance level and 

intervention growth rate as compared to age-peers; Fuchs & Fuchs, 1998; McMaster, 

Fuchs, Fuchs, & Compton, 2005). Nonetheless, children with (or at-risk for) MD are not 

homogeneous in terms of the deficits associated with MD and responsiveness to 

intervention (e.g., Fuchs et al., 2012; Geary, 2004; Jordan et al., 2003; Rubinstein & 

Henik, 2009). In order to avoid an inaccurate interpretation of (non-)responding based 

only on the aforementioned criteria, intervention fidelity and/or outcome measures, 

performance during intervention should also be assessed in more detail. The utilization of 

game-log data in CAI provides an opportunity to quantify and evaluate individual 

development during the intervention. However, it has rarely been utilized in analyses or 

described (except cf. Obersteiner, Reis, & Ufer, 2013). In this study, the analyses 

revealed that performance during the intervention varied greatly between participants, 

despite no problems in intervention fidelity according to both the game-log data and the 

kindergarten teachers’ reports. There were also no marked differences in initial levels of 

addition skill observed and assessed by the teachers. 

Figure 1 shows that the intervention participants who reached the higher game 

levels generally improved more in basic addition. Due to the hierarchical structure of the 
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game, addition was practiced after the basic levels were satisfactorily passed (after level 

21; see Figure 1). Participants who passed the basic levels (except in case number 6) 

showed larger gain scores for basic addition. It seems logical that the more the child was 

exposed to basic addition training, the larger the benefit. However, using GGM did not 

result in an improvement in basic addition skills for all participants. 

In sum, it is apparent that children with (or at-risk for) MD would benefit from 

their progress being monitored (Geary, 2011b). From a pedagogical point of view, in 

order to detect the non-responders, individual skill levels should be followed both during 

and after the intervention. In our study, the clearest non-responder was case 9, who used a 

lot of time to pass the basic levels and who did not improve in any early number skill 

measures after the intervention or during the follow-up period. Alternatively, some 

children demonstrated delayed effects in basic addition (cases 6, 12, and 13; Figure 1) 

and in the Number Sets Test (cases 2, and 12; Figure 2). Case numbers 8 and 10 provide 

examples of this delayed change in number skill development. To summarize, the 

performance level of the children who did not respond to the intervention as expected 

needs monitoring. Non-responders may need more time, or a more varied and 

individualized intervention, in order to improve their early number skills. Even though 

the intervention approach used in the current study was based on the theoretical model of 

early number skill development (cf. Geary, 2013) and the recommended intervention 

components (cf. Fuchs et al., 2008), it seems that for ensuring progress through the 

hierarchical content more specific instructional support is needed for overcoming the 
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individual bottlenecks. This could mean a combination of explicit instructions and 

massed practice with scaffolding cues towards correct responses and sustainable learning. 

4.1. Limitations and implications for future research 

Even though the assessments included measures with the test-retest reliability 

information from a pilot study, a baseline would have allowed for a better control for the 

test-retest effects. When proposing any program as an evidence-based practice for special 

education, a baseline should be included in order to control for possible confounding 

factors (Cook & Cook, 2013; Cook, Tankersley, & Landrum, 2009). Obviously, more 

well-controlled studies of the effectiveness of intensive CAI with larger MD samples are 

needed, but also, a triple-discrepancy approach could be discussed as a way of 

identifying non-responders (discrepant from age-peers in performance level and 

intervention growth rate, but also in delayed effect). 

4.2. Conclusions 

The findings of this study suggest that a carefully planned computerized 

intervention can support the development of early number skills in some kindergarteners 

who exhibit poor addition skills. It can provide a tool for close monitoring of the children 

who progress slowly or who are not responding to intervention, and who are thus in need 

of more tailored support. Repetition of basic mathematical concepts, proceeding from the 

concrete to the abstract, and exposure to hierarchically organized content can strengthen a 

child’s early number skills. However, the individual responsiveness to intervention 

(Fuchs et al., 2012) needs to be carefully evaluated. It could also be worth to pay more 
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attention to the adaptation and pedagogically meaningful instruction during the response 

process in order to ensure development during the practice and/or identifying the 

individual needs of (non-)responders to intervention. 
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Table 1 

Descriptions of the trained contents in computer-assisted intervention studies of basic arithmetic 

Study n Age Status Duration Training sessions Description of the training Effect 

Baroody et al. (2012)a 28 5.58 at-riskd 19 weeks 20 + 20 x 30 min Subitizing, enumeration, numeral recognition, transcoding and addition 

+ addition (add-0/1) 

+ 

Baroody et al. (2013)a 64 6.5 at-riskd 20 weeks 20 + 20 x 30 min Transcoding, verbal counting, object counting, numerical relations, 

written numbers, arithmetic + addition (add-1/near doubles) 

+ 

Christensen & Gerber (1990) 60 8.80 LDe 2 weeks 13 x 6 min Drilling of single-digit addition facts + 

Fuchs et al. (2006) 33 6−7 at-risk MDd+RD 18 weeks 50 x 10 min Retrieving addition and subtraction facts + 

Hativa & Shorer (1989) 211 8−11 low SES semester 3 times a week Mixed types of arithmetical contents - 

Kraus (1981)b 19 7−8 TA 2 weeks 5 + 5 x 15 min Filling the missing addends to addition combinations + 

Kucian et al. (2011)b 32 9.5 DD 13 weeks 25 x 15 min Locating numbers of dots, digits, sums and differences to number line ++ 

Käser et al. (2013)b 32 7−11 MD 12 weeks 30 x 20 + 30 x 20 min Number representation, varied types of addition and subtraction tasks + 

Mevarech & Rich (1985) 376 8−11 LA semester once a week Mixed types of arithmetical contents + 

Obersteiner et al. (2013) 147 6.91 TA 4 weeks 10 x 30 min Two versions of Number Race (c.f., Wilson, Dehaene et al. 2006) + 

Okolo (1992) 41 9−12 LD 9 weeks 4 x 20 min + 15 min Mapping presented responds for addition or multiplication facts + 

Schoppek & Tulis (2010) 110 8.7 TA 10 weeks 7 x 60 min Solving arithmetical equations and word problems (addition, 

subtraction, multiplication, division), number comparison, number line 

+ 

Schoppek & Tulis (2010) 94 9.1 TA 10 weeks 7 x 45 min Described above ++ 

Shin et al. (2006) 46 7−8 middle SES 18 weeks 3−4 x 15 min a week Drilling of addition, subtraction or their mixed combinations  + 

Trifiletti et al. (1984) 21 9−15 LDd + MD semester 40 min a day Mathematics readiness, addition, subtraction, multiplication, division 

and fraction 

+ 

Wilson et al. (2009)c 53 5.6 low SES 14 weeks 6 + 4 x 20 min Number Race: Approximate comparison between quantities, number 

symbols and/or addition and subtraction facts 

- 

Wilson, Revkin, et al. (2006) 9 7−9 LAf 10 weeks 20 x 30 min Number Race: Described above + 

Note. Age = Mean age in years (as originally reported). LD = learning difficulties. MD = mathematics difficulties. RD = reading difficulties. SES = socioeconomic status. TA 

= typically achieving. DD = developmental dyscalculia. LA = low achieving. Effect = Immediate (+) and long-term effects (++) on arithmetic. 
a
Training started with manual games. 

b
Training operated at homes. 

c
Training mixed with reading software. 

d
Cut-off point (not always reported) below 25; 

e
16; 

f
37 percentiles. 



Table 2 
Group performance scores in different time points and between-group comparisons 

  Intervention condition  

  GGM (n = 13) CTR (n = 8) Group comparisons
a 

Variable (max.) Time M (SD) Mdn M (SD) Mdn Mann-Whitney U -test 

Enumeration (6) 1 4.77 (1.09) 5.00 5.25 (0.71) 5.00 GGM = CTR 

 2 4.92 (1.32)
b 

6.00 5.25 (1.04) 5.50  

 gain 1−2 0.15 (1.21) 0.00 0.00 (0.53) 0.00 GGM = CTR (.13) 

 3 5.13 (1.20) 5.71 5.00 (1.51) 6.00  

 4 5.31 (1.03) 6.00 NA NA  

Verbal counting (12) 1 3.92 (1.89)
 

4.00 6.88 (2.80) 5.50 GGM < CTR* 

 2 5.54 (2.22)
c 

6.00 8.00 (2.33) 8.00  

 gain 1−2 1.62 (1.19) 2.00 1.13 (1.55) 1.00 GGM = CTR (.14) 

 3 5.63 (1.80) 5.14 7.63 (3.25) 8.50  

 4 7.31 (2.81) 8.00 NA NA  

Number Sets Test (Part A, 18) 1 3.08 (3.33) 3.00 1.75 (1.83) 1.50 GGM = CTR 

 2 5.46 (2.44)
d 

6.00 5.88 (5.14) 4.50  

 gain 1−2 2.38 (3.23) 2.00 4.13 (4.79) 3.50 GGM = CTR (.18) 

 3 5.99 (3.36) 7.86 5.88 (2.30) 6.50  

 4 5.69 (3.23) 6.00 NA NA  

Basic addition (45) 1 1.08 (1.32) 0.00 0.38 (1.06) 0.00 GGM = CTR 

 2 9.00 (6.27)
e 

10.00 5.25 (4.95) 5.00  

 gain 1−2 7.92 (6.05) 7.00 4.88 (5.08) 3.50 GGM = CTR (.25) 

 3 10.18 (7.37) 10.00 6.25 (4.83) 6.00  

 4 12.08 (6.79) 13.00 NA NA  

Note. GGM = Graphogame math; CTR = Performance level control group; NA = non-applicable. 

Significant within-group intervention effects are shown in boldface. 
a
Between-group comparisons are made at time point 1, and for gain scores between time points 1−2 (Wilcoxon ES (r) in parenthesis). 

b
Within-group Wilcoxon ES (r) = .06 (close to ceiling); 

c
.56; 

d
.45; 

e
.59. 

* p < .05. 
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Figure 1 title: 

 

The association between the highest played GraphoGame Math level and the gain scores of 

the intervention period in basic addition. 

 

Figure 1 note: 

 

Figure 1. Case = intervention participants as a rank-ordered list based on the highest played 

game level; T1−T4 = individual raw scores in different assessment points in basic addition; 

Time point 1−Time point 4. 
a
Missing value replaced by adding the mean gain score of the intervention group in basic 

addition to the case’s score in the second assessment. 

 

 

 

Figure 2 title: 

 

The association between the time used for passing the basic levels in GraphoGame Math and 

the gain scores of the intervention period in the Number Sets Test (Part A). 

 

Figure 2 note: 

 

Figure 2. Case = intervention participants’ case number is based on the highest played game 

level (presented in Figure 1); T1−T4 = individual raw scores in different assessment points in 
the Number Sets Test (Geary et al., 2009); Time point 1−Time point 4. 
a
Missing value replaced by adding the mean gain score of the intervention group in the 

Number Sets Test to the case’s score in the second assessment. 


