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Abstract

Background: It is important to provide early educational support for children having weak mathematical skills, in order to prevent possible later mathematical learning difficulties. Currently, there is a lack of research-based mathematical intervention programmes for teachers to use.

Aim: This study investigated the impact of counting skills intervention for Finnish first graders with low performance. In addition, the relations between inductive reasoning, language and mathematical skills were examined.

Setting: This study applied a quasi-experimental design using control groups.

Methods: Intervention was provided in small groups 12 times during 8 weeks. The development of intervention children (LOWi, n = 11) was compared to the development of low-performing (LOWc, n = 26) and typically performing (TYPc, n = 114) children.

Results: The LOWi group made significantly greater gains in their mathematical performance from Time 1 to Time 2, compared with the LOWc and TYPc groups. Children with low performance in mathematical skills showed lower performance also in their inductive reasoning and reading fluency skills than the TYP children.

Conclusion: A relatively short counting skills intervention that applied explicit teaching showed promising effects in improving low-performing children’s mathematical performance as a supplemental instruction.
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Introduction

The performance of children in early mathematical skills varies widely, even before they begin formal schooling (Desoete et al. 2009). Previous research suggests that without adequate support, children performing low in early mathematical skills, that is, scoring at or below the 25th percentile in mathematics tests (Geary 2013), often demonstrate continuing low mathematical performance (Morgan, Farkas & Wu 2009). Hence, the importance of early mathematical support has been emphasised in order to prevent the emergence of possible mathematical difficulties later on. Legal and practical actions have been taken to provide educational support for all children in a country such as Finland. Accordingly, the demand for providing educators with intervention programmes with proven effectiveness in improving learning outcomes has increased.

Over the years, several different models of development of early numeracy skills have been introduced (e.g. Sarama & Clements 2009; Wright et al. 2002). Here, we use the model of Aunio and Räsänen (2015) as it focuses especially on the core numeracy skills that are important from the viewpoint of low-performing children and as it served as a theoretical base for developing our intervention programme. According to this model, the core early mathematical skills for later development are symbolic and non-symbolic number sense (approximate evaluation of magnitudes or symbols representing magnitudes), understanding mathematical relations, counting skills and basic skills in arithmetic (for a detailed description of skills, see Aunio & Räsänen 2015). Of these skills, kindergartners and first graders who perform low in mathematics typically have difficulties especially in counting skills, which includes number word sequence, enumeration with concrete objects and knowledge of number symbols (e.g. Toll & Van Luit 2014), going beyond the memorised counting string that can be recited without comprehension of its numerical meaning. Difficulties in verbal and object counting may be indicated, for instance, when number words are missing in the sequence; for example, when a child counts ’8, 9, 11, 12’. Furthermore, a child may be unable to maintain one-to-one correspondence between counting words and objects and may use immature strategies in counting tasks. Longitudinal studies have shown that counting skills are a significant predictor of later arithmetical skills (e.g. Aunio & Niemivirta 2010; Desoete et al. 2009). Thus, weaknesses in counting skills may delay the development of arithmetical skills and result later on as severe difficulties in basic skills in arithmetic, in other words an inability to retrieve simple calculations from long-term memory quickly, such as 3 + 4 or 9 − 5. Such an inability typically characterises school-aged children with mathematical learning disabilities (Jordan, Hanich & Kaplan 2003).

Mathematics intervention studies concerning low-performing first graders is still quite limited, and most of these have been conducted in the United States (Bryant et al. 2008a; 2008b; 2011; Clarke et al. 2014; Fuchs et al. 2005; 2006; Smith et al. 2013; Yang et al. 2014). These studies with first graders have focused on improving core mathematical skills: number concept, counting skills, addition and subtraction facts learning and the place value concept. In each study, the instruction was delivered in small-group instructional format, usually from two to four times per week for 8–23 weeks, with the exception of one-to-one tutoring in the study of Smith et al. (2013). The instructional elements used in the intervention programmes included explicit teaching (Bryant et al. 2008a; 2008b; 2011; Clarke et al. 2014), using visual representations of mathematical concepts such as manipulatives and/or pictures (Bryant et al. 2008a; 2008b; 2011; Clarke et al. 2014; Smith et al. 2013; Yang et al. 2014), children’s collaboration in solving story problems (Yang et al. 2014) or computer-assisted instruction (Fuchs et al. 2005; 2006). The findings in these studies showed positive effects in boosting the mathematical skills of low-performing children (except for Bryant et al. 2008a). This indicates that rather short, carefully designed programmes that take into consideration the development of mathematical skills and apply elements, such as explicit instruction, visual representations, and use of computers, are cornerstones for an effective mathematics instruction for children struggling in mathematics.

The main aim of this study was to determine whether the mathematical skills of low-performing children could be improved using the counting skills intervention programme, ThinkMath (Mononen & Aunio 2012). To understand mathematics learning in a broader context, we also measured the children’s inductive reasoning (IR) and language skills, namely reading fluency and listening comprehension skills. The research questions were as follows: How do low-performing children receiving counting skills intervention tuition develop in their mathematical skills, compared with the children in two control groups (i.e. low-performing and typically performing children)? What are the relations between IR, language and mathematical skills?

Research methods and design

Participants

In Finland, mathematics instruction is based on the Finnish national core curriculum for mathematics (Finnish National Board of Education (FNBE) 2004). During the first term of the school year, there is a focus on counting, comparison, seriation and addition and subtraction skills in the number range of 0–12. During the second term, children usually practice addition and subtraction skills mainly in the number range 1–20. They also learn basic geometry and measurement and are introduced to numbers up to 100 at the end of the school year. First graders have three mathematics lessons of 45 minutes each per week. Organising educational support in Finland is based on three tiers: general, intensified and special support (Basic Education Act 628/1998, Amendment 642/2010; FNBE 2010), which shares similarities with the Response to Intervention (RtI) approach used in the United States (Björn et al. 2015).

The participants were 151 first graders (mean age = 7 years 2 months, SD = 3.78 months) from nine classrooms located in three cities of Southern Finland. All the children were present at the first and second assessment time (T1 in September and T2 in December) of mathematical skills, but because of illness at T1 and/or T2, the attrition rate of children concerning IR skills was 9.9% (15 children) and that for language skills 6.6% (10 children). The number of children at the third assessment (T3 in March) was reduced by seven children (4.6%) in mathematical and by four children in IR skills (12.6%). All the children had written permission to participate in the study from their parents and the educational authorities of the municipalities.

In order to identify the children who performed low in mathematics, the criterion was set by scoring at or below the 25th percentile (e.g. Geary 2013) in the mathematics test at T1 (see the test description under the Measures section). According to this criterion, the intervention group (LOWi) consisted of 11 low-performing children, the low-performing control group (LOWc) consisted of 26 children and the typically performing control group (TYPc) consisted of 114 children. The children in the control groups received only regular mathematics core instruction. The children’s demographic descriptives (age, gender, language and parental educational level) were collected from their parents (Table 1).
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Measures

Mathematical skills: Mathematical skills were assessed using the test developed for the research project purpose, Assessment of Mathematics Skills in the First Grade (Aunio & Mononen 2012). This group-based paper-and-pencil test includes mathematical tasks in the range from 1 to 100: (1) mathematical relational skills (i.e. number comparison); (2) counting skills (i.e. verbal and object counting) and (3) word problems (i.e. verbal addition and subtraction problems). Single-digit addition and subtraction facts in the range from 1 to 20 are also assessed (within a 2-minute time limit). A sum score for the subscales 1–3 (i.e. a combined scale) was used to identify the low-performing children. Cronbach’s alpha calculations showed a high reliability for combined scale and addition and subtraction subscales at T1: for a combined scale, α = 0.91; for the addition facts scale, α = 0.93; and for the subtraction facts scale, α = 0.93.

IR skills: A set of IR skills was assessed using the test developed for the research project purpose, Assessment of Thinking Skills in the First Grade (Hotulainen, Mononen & Aunio 2012). This group-based, paper-and-pencil test includes tasks measuring two types of IR skills (Klauer 1989): comparing attributes and comparing relations. Each item is a multiple-choice task using pictures with verbal instructions for each item. Six items (four on attributes and two on relations) did not correlate significantly with the combined scale (33 items), meaning that these items measured something other than the rest of the items in the test. After the removal of these items, the reliability of the scale increased to an acceptable level (α = 0.68). Thus, only these 27 items were used in the analysis.

Language skills: Children’s listening comprehension skills were measured using the Ytte test (Kajamies et al. 2003). The test consists of two short stories (non-fiction and fiction) with six and seven verbal claims, respectively. Each story is told twice, and after listening to one story, a child must choose whether the presented claims related to the story are true or not by marking a happy or an unhappy face on the answer sheet. The reliability coefficient in the first measurement was acceptable at α = 0.70 (13 items).

Reading fluency was assessed using a part of the standardised first-grade reading test Allu (Lindeman 1998). The test contains 80 items. In each item, a child needs to select the correct word among four phonologically similar written alternatives corresponding to an adjoining picture that illustrates one of the words. The time limit for the test is 5 minutes. The raw sum score of the test was used, and the reliability (Kuder-Richardson) reported in the test manual was 0.97.

Procedure

Mathematical and IR skills were assessed three times: just before the instruction phase (T1, September); immediately after the instruction phase (T2, December); and 3 months after the instruction phase (T3, March). Language skills were assessed twice (at T1 and T2). The assessment sessions were held during the school day and required approximately three 45-minute sessions on separate days. Two members of the research team and three trained, qualified teachers with several years of teaching experience conducted all assessment sessions; each assessor was responsible for all the assessments conducted with a particular child.

Intervention

The counting skills intervention programme focuses on practicing verbal (oral) and object counting skills in the number range 1–20 (see Appendix) in small groups of children. The theoretical framework for the programme is based on the model of development of core numeracy skills by Aunio and Räsänen (2015). Thus, the content and the approach of the programme relies more on the developmental knowledge of skills development than curriculum standards. The programme applies explicit teaching and uses visual representations of mathematical concepts according to the concrete-representational-abstract levels, as these have been found to be beneficial instructional elements for children performing poorly. Structuring numbers is a key element in representing quantities (i.e. using structured dot cards and 10 frames) in the programme. The instruction manual with detailed activities and procedures includes 12 lesson plans of about 45 minutes each. Each lesson is composed of a teacher-guided activity that introduces the new mathematical subject, peer activities (e.g. games), and a short paper-and-pencil individual activity. The manipulatives are printable material (e.g. dot and place value cards) included in the manual or low-cost, everyday materials that can be found in every classroom (e.g. cubes, egg cartoons).

In addition to the first author, one qualified female special-needs teacher with 20 years of teaching experience volunteered to give intervention lessons. The intervention programme was introduced for that teacher in a professional development day of 6 hours given by the research team. Intervention sessions were held in small groups of five to six children. Following the advice of Gresham and colleagues (2000) concerning indirect assessment methods of treatment integrity, we asked the teachers to fill out a structured logbook sheet for every lesson given in order to assess whether they implemented the instruction as intended. In the logbook, the total amount of time in minutes used for every lesson was reported, and the functionality of every activity in the lesson was rated (1 = not good, 2 = good, 3 = very good, or x = not completed).

Data analysis

Throughout the analysis process, parametric analyses were applied. However, because of the small sample sizes, the results were confirmed using non-parametric analyses. For the sake of simplicity, if the results from parametric and non-parametric analyses did not significantly contradict each other, only the results from the parametric analyses were reported. The preliminary analysis examined the normality of the test scales and the children’s demographic variables. In the main analysis, we first focused on analysing mathematical performance between the groups at T1, followed by development from T1 to T2, and then from T1 to T3. The gain scores for each measure were calculated by subtracting the T1 score from the T2 or T3 score. The mathematics learning background was examined by calculating correlations across samples among the mathematics, IR and language scales. Furthermore, IR and language performance differences between the groups were analysed at different measurement times.

Results

Preliminary analysis

The Shapiro-Wilk test showed that the mathematics combined scale and the IR scales were normally distributed, W (135) = 0.96, p > 0.05 in both scales. The addition and subtraction scales showed non-normal distribution, both having negative kurtosis (−0.29 and −0.91, respectively). The subtraction scale was positively skewed. This indicated a greater number of low scores in the sample than we expected; children at the beginning of the first grade could complete only a few written addition and subtraction calculations. Both language scales were significantly non-normal. The listening comprehension scale showed a negative skewness of -1.65, indicating a near-ceiling effect. The reading fluency scale showed a positive skewness of 1.24; 19.1% of the children were able to read only five or fewer words at the beginning of the first grade.

The results of the analysis of variance (ANOVA) found no difference in age among the LOWi, LOWc and TYPc groups, F (2, 148) = 1.90, p > 0.05. For gender, there was a statistically significant different representation of boys and girls between the LOWc and TYPc groups, χ2(1) = 13.25, p < 0.001; in the LOWc group, girls were in the majority. Regarding Finnish and other languages spoken at home, no differences were found among the three groups, χ2 (2) = 1.77, p > 0.05. The three groups did not differ with respect to the father’s educational level, F (2, 124) = 2.52, p > 0.05. ANOVA indicated a significant difference in the mother’s educational level among the groups, F (2, 127) = 3.22, p < 0.05; however, the finding was not confirmed by the Bonferroni-adjusted multiple comparisons or in the non-parametric analysis using the Kruskal–Wallis test. The three groups seemed rather equal regarding their demographics, and for this reason, none of these variables was used as a covariate in further analyses.

Main analysis

Mathematical skills: Separate ANOVAs (significance level of alpha set at 0.05/3 = 0.017 to reduce Type I error) with post-hoc comparisons with Bonferroni-adjusted corrections were conducted for the T1 mathematics scales in order to determine possible differences in the groups’ performance before the instruction phase. The TYPc group outperformed both the LOWi and LOWc groups in the mathematics combined scale as well as in the addition and subtraction facts scales (Table 2). There were no performance differences between the LOWi and LOWc groups in any mathematics scale at T1, thus making groups comparable regarding initial level of mathematical skills.



[image: SAJCE-6-407-T2.jpg]

To examine the effectiveness of intervention, differences in the mathematics gain scores among the groups were analysed using ANOVAs (significance level of alpha set at 0.05/3 = 0.017) with post-hoc comparisons with Bonferroni-adjusted corrections (Table 2). From T1 to T2, statistically significant differences were found on the mathematics combined scale: the LOWi group had gained statistically significantly more compared to the LOWc and TYPc groups, with large effects of g = 1.06 and g = 0.78, respectively. This gain in favour of LOWi group can be interpreted as an effect of intervention. Despite its improvement, the LOWi group was unable to reach the performance level of the TYPc group at T2.

The gains in the mathematics combined scale at T1 to T3 showed that both LOW groups had improved statistically significantly more than the TYPc group did, with moderate effects. Nevertheless, the performance level of both LOW groups in the mathematics combined scale at T3 was similar to the performance level of TYPc at T1. In the addition and subtraction facts scales, no statistically significant differences were found between the groups on gain scores from T1 to T2 or from T1 to T3. Thus, practicing counting skills had no significant effect for improvement in basic skills in arithmetic.

Inductive reasoning and language skills: The intercorrelation matrix of the mathematics, IR and language scales is presented in Table 3. The Pearson’s correlation coefficient test showed that, at T1 and T2, performance on the reading fluency scale correlated moderately with performance on the mathematics combined scale and correlated weakly with performance on the addition and subtraction scales. Performance in listening comprehension correlated only weakly with performance on the mathematics combined scale, but not statistically significantly with performance on the addition and subtraction facts scales. The IR scale showed a mainly weak correlation with all three mathematics scales at all three times.
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A set of ANOVAs (significance level of alpha set at 0.05/3 = 0.017) was conducted with Bonferroni-adjusted post-hoc tests, which revealed that the TYPc group outperformed both LOW groups in the IR and reading fluency scales at every assessment time point (Table 4). The developmental growth rate seemed similar in every group because no statistically significant differences among the groups were revealed in comparing the gain scores. The three groups did not differ in their listening comprehension scores at any time point.
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Intervention implementation: Both teachers implemented all lessons and tasks in the manual in 12 sessions over 8 weeks. The average lesson time in minutes was 44.6 (SD = 3.6). In both instruction groups, some lessons were conducted during school hours and some before or after school hours so that instruction could be feasibly integrated as part of the schoolwork. Both teachers reported that the functionality of the tasks was good or very good.

Discussion

The purpose of this study was to investigate whether low-performing children’s mathematical skills could be improved using ThinkMath intervention programme. In addition, relations between IR, language, and mathematical skills were examined. In 2 months, the low-performing first graders who received intervention in addition to their core mathematics instruction improved significantly more in their mathematical skills compared to their low- and typically performing peers who did not receive intervention. Irrespective of their improvement, the low-performing children were unable to achieve the same level as their typically performing peers did. In addition to low performance in mathematical skills, these children showed lower performance in their IR and reading fluency skills than the TYP children at all measurement points.

We would like to emphasise that it was possible to increase low-performing children’s performance in mathematical skills, although the intervention phase was shorter in duration compared to that reported in previous intervention studies (Bryant et al. 2008a; 2008b; 2011; Fuchs et al. 2005; 2006). Explicit teaching in small groups, applying the CRA approach in representing mathematical concepts and using structuring of numbers were found to be the potential effective instructional features of the intervention programme, as found also in previous studies for boosting the mathematical skills of the LOW children (Bryant et al. 2008a, 2011). This educational approach seemed to meet the needs of our low-performing children at the beginning of formal schooling. Moreover, the implementation of the intervention did not require a long professional training for the teachers. Thus, special-needs teachers would be able to integrate it as part of their mathematics intensified instruction with relatively easy. In a context such as, for example, South African public schools, the intervention programme can be adapted to serve a whole class in schools where many children struggle at the beginning of the first grade (see the work by Ragpot, Mononen & Aunio, in press).

No intervention effect was shown in the children’s development of arithmetical skills. Even though counting skills are seen as one strong predictor for arithmetical skills (e.g. Desoete et al. 2009), we found no transfer effect. This may be because of a relatively short period (3 months) of time between the end of the intervention and the follow-up measurement. The results of this study also indicate that there appears to be a challenge of long-lasting effects of intervention. The growth in the mathematical skills development of the LOWi group slowed down after the intervention ended, in other words, there was no response maintenance. Regardless of the improvement of the low-performing children, the gap between them and the typically performing children still existed after the intervention. In fact, 3 months after the intervention phase, the performance in mathematical skills of both LOW groups was at the level of the performance of their TYP peers at the beginning of the school year. These results highlight the fact that some low-performing children most likely will need continuous educational support and underline the need for continuous progress monitoring (Olson et al. 2007).

In the future studies, in order to find the intervention with a long-lasting effect to support children, it would be of interest to add more sessions into the programme, to be given either more frequently (e.g. three times per week) or for a longer period of duration (e.g. two times per week for 3 months, or once a week after a 2-month period). Additional sessions would allow to focus more deeply and to do repetition on the content included in the current programme, thus probably strengthening the skills even more. Furthermore, some of the tasks might be adjusted to better meet the everyday mathematics of children (e.g. using more examples of counting-related tasks in everyday life). Of interest would also be to emphasise small-group and classroom teachers’ cooperation: that children would be reminded to use their newly learned skills in small-group instruction also in their regular mathematics lessons.

Along with showing low performance in mathematical skills in the beginning of the first grade, these children also demonstrated weaker performance in their IR and reading fluency skills compared to the TYP children, thus indicating the accumulation of problems in the same children. This is in line with the literature showing that mathematical difficulties are often comorbid, for example, with reading difficulties (Gross-Tsur, Manor & Shalev 1996). Thus, learning of mathematical skills might have been more challenging for these children compared to having weakness only in mathematical skills.

The present study has some limitations, such as, the small number of participants involved in the study, the lack of randomisation in the intervention and the control groups, absence of an active control group receiving another type of intervention and inadequate measures of fidelity. To address these shortcomings, further research is warranted to investigate the findings reported here in more detail by employing a larger sample, randomisation of groups, using active control groups in addition to passive ones and use of observations or video recordings in classrooms.

Conclusion

This study complemented previous research by developing and determining the effects of counting skills intervention programmes for low-performing first graders. A relatively short phase of intensified support on practicing counting skills was beneficial in increasing the early mathematical skills of low-performing children. Our results indicated that some low-performing children would most likely benefit from on-going supplemental support in order to maintain a positive development in mathematical skills.
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TABLE 1-Al: Content of the counting skills intervention programme.

Lesson number Content

Example of activities

1 - Number sequence forward 1-10
- Number word-quantity relation
2 - Counting objects 1-10

- 1-1 correspondence, cardinality
- Number symbols 1-10

3 - Shortened counting 1-10
- 1-1 correspondence, cardinality
- Number word—-quantity—number relation

4 - Ten frame: counting objects
- 1-1 correspondence, cardinality
5 - Ten frame: counting dots
- Quantity-number relation
6 - Number sequence forward and backward 1-20
7 - Number sequence forward and backward 1-20,

counting by 2’s

8 - Counting objects (1-20) in different ways (e.g.,
only with sight, pointing objects, moving objects,
grouping objects)

9 - Quantity-number relation 1-20
- Building and writing numbers 11-20
10 - Quantity-number relation 1-20
11 - Quantity-number relation 1-20
12 - Revision

- Showing quantities in fingers in specific way (e.g., 6 is 5 and 1).
- BINGO game (matching number words and quantities).

- Counting object to a jar according to a number card.
- Two same numbers — card game.

- Getting familiar with 10 frame, counting and grouping objects into an egg cartoon.

- Grouping and counting objects with 10 frame.
- Memory game (matching number words and quantities).

- BANG game (matching number words and quantities).
- Writing dots into 10 frame.

- Counting verbally forward and backward different kinds of number sequences with the help of

number cards.

- Counting verbally forward and backward different kinds of number sequences with the help of

number cards.
- Counting objects with the help of 10 frames.

- Building numbers 11-20 with the help of objects and ten-base cards.

- Building numbers 11-20 with the help of structured dot cards and ten-base cards.

- Dots and numbers—card game (matching quantities and numbers).

- BANG game (matching dot cards and numbers).
- BINGO game (matching dot cards and numbers).

- Snake and ladders game with revision questions of lesson contents.
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TABLE 4: Means, standard deviations and effect sizes for inductive reasoning and language skills by group.

Measure Low Low TYP F (df1, df2) P Pairwise ES'(g) ES(g) ES(g)

Intervention (A) Control (B) Control (C) comparisonst Avs.B  Avs.C Bvs.C
n M (SD) n M (SD) n M (SD)

Inductive reasoning skills (max. 27 p.)

Time 1 10 1540(4.81) 23 1630(3.51) 103 18.78 (3.68) 6.94(2,133) ** B = -

Time 2 10 16.70(4.92) 23 1822(3.63) 103 2022 (3.46) 7.29(2,133) ** 5 =

Time 3 10 18.20 (4.49) 23 19.43(3.82) 99 22.13(2.87) 11.99(2,129) *** - - -

Gain Time 1-Time 2 10 1.30(3.200 23 191(3.17) 103 144(3.07) 0.34(2,132) ns 015  -004 013

Gain Time 1-Time 3 10 2.80(257) 23 3.13(3.52) 99  3.28(3.33) 041(2,129) ns 006 -013  -004

Listening comprehension (max. 13 p.)

Time 1 10 9.80(2.62) 25 9.64(3.11) 106 10.17(231) 051(2,138) ns A=B=C - - -

Time 2 10 9.80(1.87) 25 10.80(1.58) 106 11.27(1.69) 3.94(2,138) ns A=B=C - - .

Gain Time 1-Time 2 10 0.00 (3.37) 25 1.16 (2.51) 106 1.10(2.51) 0.88(2,138) ns A=B=C -0.38 -0.47 0.02

Reading fluency (max. 80 p.)

Time 1 10 12.10(9.53) 25 7.96(7.55) 106 25.63(17.70) 14.31(2,138) *** . = =

Time 2 10 22.40(13.76) 25 21.28(10.45) 106 39.27(17.89) 14.97(2,138) *** - - -

Gain Time 1-Time 2 10 10.30 (8.93) 25 13.32(7.51) 106 13.64(10.23) 0.58 (2, 138) ns -0.36 -0.19 -0.02

LOW, low-performing; TYP, typically performing.
*, Analysis of variance test post-hoc pairwise comparisons: significant differences between groups (p < 0.05) marked as > or <, and no difference between groups marked as = .

1,ES, Effect size (g) calculated as the difference of the mean Time 1 - Time 2 and Time 1~ Time 3 change in the intervention group and the mean Time1 - Time 2 and Time 1~ Time 3 change in the
control group, divided by the pooled within-group Time 1 standard deviation.

*% 1 < 0.01; *** < 0.001; ns, non-significant.





OPS/SAJCE-6-407-T1.jpg
TABLE 1: Demographic descriptives (age, gender, language and parental educational level) by group.

Variable Low Low TYP All
Intervention ( = 11) Control (1 = 26) Control (n=114) (N=151)
Mean age in months (SD) 84.27 (2.76) 85.88 (4.18) 86.50 (3.73) 86.23 (3.77)
Gender
Boys 7 (%) 4(36.4) 5(19.2) 67 (58.8) 76 (50.3)
Girls (%) 7(63.6) 21(80.8) 47 (41.2) 75 (49.7)
Language
Finnish 7 (%) 8(72.7) 19 (73.1) 97 (85.1) 124.(82.1)
Other 7 (%) 1(9.1) 0(0.0) 8(7.0) 9(6.0)
Missing information n (%) 2(18.2) 7(26.9) 9(7.9) 18 (11.9)
Mother’s educational level
Comprehensive school 7 (%) 3(27.3) 3(11.5) 6(5.3) 12(7.9)
Secondary education n (%) 2(18.2) 9(34.6) 41 (36.0) 52(34.4)
Higher education 1 (%) 3(27.3) 7(26.9) 56 (49.1) 66 (43.7)
Missing information 7 (%) 3(27.3) 7(26.9) 11(9.6) 21(13.9)
Father’s educational level
Comprehensive school 7 (%) 1(9.1) 3(11.5) 6(5.3) 10 (6.6)
Secondary education n (%) 5(45.5) 11(42.3) 47 (41.2) 63 (41.7)
Higher education 7 (%) 2(18.2) 5(19.2) 47(41.2) 54 (35.8)
Missing information 7 (%) 3(27.3) 7(26.9) 14 (12.3) 24 (15.9)

LOW, low-performing, TYP, typically performing.
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TABLE 3: Intercorrelation matrix of mathematics, inductive reasoning and language skills at assessment Times 1, 2 and 3.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Mathematics combined scale T1 - - - - - - - - - - B = - - s
2. Mathematics combined scale T2 0.81 - - - - - - - - - - - - - -
3. Mathematics combined scale T3 0.73 0.81 = E e o - - - - - - - - -
4. Addition facts T1 0.65 0.55 0.46 - - - - - - - - - - - -
5. Addition facts T2 0.49 0.51 0.50 0.45 = = - - - - - - - 3 s
6. Addition facts T3 0.57 0.60 0.65 0.48 0.70 - - - - - - - - - -
7. Subtraction facts T1 0.51 0.41 0.39 0.62 0.27 038 = - - - - - - . g
8. Subtraction facts T2 0.51 0.51 0.51 0.43 0.81 0.69 031 - - - - - - - -
9. Subtraction facts T3 0.46 0.41 0.54 039 0.51 0.67 035 0.53 - = = - - - -
10. Inductive reasoning skills T1 0.36 0.36 0.35 031 0.16 0.19 0.26 0.22 0.12 - = - - - -
11. Inductive reasoning skills T2 0.40 0.42 0.45 0.29 0.23 035 0.21 0.34 0.27 0.68 = = = = =
12. Inductive reasoning skills T3 0.40 0.40 0.45 0.29 0.26 033 0.20 0.29 037 0.53 0.63 - - N N
13. Reading fluency T1 0.56 0.49 0.47 0.48 0.36 0.46 041 0.36 037 0.35 0.36 0.39 = = =
14. Reading fluency T2 0.50 0.51 0.53 0.42 0.40 0.52 033 0.42 0.43 0.42 0.45 0.45 0.85 - -
15. Listening comprehension T1 0.22 0.14 0.18 0.14 0 -0.02 0.07 0.03 0.01 0.27 0.19 0.21 0.15 0.11 -
16. Listening comprehension T2 0.17 0.17 0.19 0.01 0.05 0.10 -0.03 0.15 0.07 0.31 0.39 0.30 0.24 0.60 0.28

Values in bold: p < 0.01, values underlined: p < 0.05, otherwise non-signi
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TABLE 2: Means, standard deviations and effect sizes for the mathematics scales at Time 1, 2 and 3 by group.

Measure Low Low P F(df1, df2) P Pairwise  ESi(g) ES(g) ES(g)
comparisonsi  Avs.B Avs.C Bvs.C

intervention (A) control (B) control ()
n M (SD) n M (SD) n M (SD)

Combined scale (max. 42 p.)
Time 1 11 1291(418) 26  13.85(3.84) 114 27.82(5.09) 12099 (2,148)  *** A=B<C - - -
Time 2 11 2209(530) 26 1877(657) 114 3305(5.31)  81.86(2,148) L A=B<C - - -
Time 3 11 27.36 (4.99) 26 26.50 (7.26) 107 36.92 (4.48) 54.30 (2, 141) L) A=B<C - K .
Gain Time 1-Time 2 11 9.18(400) 26  4.92(496) 114 523(4.86)  3.57(2,148) o0 A>B=C 106 078 -0.06
Gain Time 1-Time 3 11 1445(5.61) 26  1265(555) 107  9.36(501)  8.04(2,141) Co0 A=B>C 045 101 067
Addition facts (max. 40 p.)
Time 1 11 6.73 (3.74) 26 5.54 (4.59) 114 12.54 (5.53) 22.30 (2, 148) it A=B<C - - -
Time 2 11 1682(343) 26 1423(5.87) 114 20.23(5.10)  15.40(2,148) **  A=BA=CB<C - - -
Time 3 11 1918(275) 26  1865(5.87) 107 2571(601)  19.39(2,141) x A=B<C - - -
Gain Time 1-Time 2 11 10.09 (3.33) 26 8.69 (6.16) 114 7.69 (6.29) 0.95 (2, 148) ns A=B=C 0.31 0.44 0.19
Gain Time 1-Time 3 11 1245(410) 26 13.12(7.00) 107 13.14(6.47)  0.06(2,141) ns A=B=C 015 013 0.00
Subtraction facts (max. 40 p.)
Time 1 11 1.73(2.76) 26  1.00(2.04) 114 7.00 (6.00) 16.35 (2, 148) & A=B<C - - -
Time 2 11 1209(6.95) 26 11.85(5.18) 114 17.25(4.68)  16.15(2,148) co0 A=B<C - - -
Time 3 11 1427(432) 26  1465(534) 107 19.65(5.56)  12.17(2,141) o A=B<C - - -
Gain Time 1-Time 2 11 1036(816) 26  10.85(545) 114 10.25(6.80)  0.09 (2, 148) ns A=B=C 021 002 011
Gain Time 1-Time 3 11 1254(5.87) 26 13.65(6.28) 107 12.57(6.96) _ 0.27(2,141) ns A=B=C 047 000 020

LOW, low-performing; TYP, typically performing.
f, Analysis of variance test post-hoc pairwise comparisons: significant differences between groups (p < 0.05) marked as > or <, and no difference between groups marked as = .

#,ES = Effect size (g) calculated as the difference of the mean Time 1 - Time 2 and Time 1~ Time 3 change in the intervention group and the mean Time1 — Time 2 and Time 1 - Time 3 change in
the control group, divided by the pooled within-group Time 1 standard deviation.

*x% 1) < 0,001, ** p < 0.01, ns = non-significant.





