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In this study, we aimed to estimate the effect of phonological processing in the emergence of 

specific maths or combined maths and reading difficulties during the first year of schooling. We 

also estimated whether the high level of phonological processing could be a resource for coping 

with math difficulties. The study was conducted on a large sample of Russian first-graders (N=3296 

pupils, mean age 7.3 years, 49% of them were girls). Pupils were tested twice, at the beginning and 

at the end of the first grade in their level of maths performance, reading performance, phonological 

processing, and number recognition skills. In each test, four groups of pupils were identified 

regarding their level of maths and reading performance: a group with mathematical difficulties only 

(MD), pupils with reading difficulties only (RD), pupils with both maths and reading difficulties 

(MDRD) and pupils without difficulties (TD). The probability to move into the MD group, the 

MDRD group and in the TD group was estimated for pupils regarding their group status at Time 1 

and their level of phonological processing. Results revealed that at first grade, phonological 

processing did not correlate with specific maths difficulties, but associated with both maths and 

reading difficulties. At the same time, a high level of phonological processing may prevent typically 

developing pupils from moving into the MD group. Moreover, a high level of phonological 

processing increases the probability to move into the TD group for pupils who had specific maths 

difficulties at the start of schooling. 
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Acquisition of maths skills in elementary school is an important factor for future academic 

progress in different domains (Clements & Sarama, 2016). Moreover, difficulties in mathematics 

acquisition during primary school can be followed by further difficulties in other domains like 

reading (Gersten, Jordan, & Flojo, 2005), or problem-solving (Geary, Brown, & Samaranayake, 

1991). Furthermore, maths difficulties may lead to the emergence of mathematical or learning 

anxiety, which prevents students enrolling on math-related courses and the choice of STEM 

education (Ramirez, Gunderson, Levine, & Beilock, 2013).  

There exist different approaches to the identification of maths difficulties. Early studies 

identified several types of difficulties, regarding the severity of disabilities or their content. One of 

the most severe disorders in the acquisition of maths is dyscalculia. Dyscalculia reflects sustainable 

difficulties in the acquisition of mathematics knowledge, operations and concepts for individuals 

with normal intelligence and working memory (Butterworth, Varma, & Laurillard, 2011).  

There are also students who do not have severe problems like dyscalculia, but they still have 

difficulties in mathematics acquisition. They have low mathematical performance due to the 

moderate deficit in maths knowledge or deficit of different maths skills. The majority of students 

with a low level of maths performance do not have dyscalculia, but rather such difficulties (Peard, 

2010). There are different ways of identifying groups with maths difficulties. Some studies refer to 

different assessment instruments, assuming that the students in the lowest quartile (<25 percentile)  

have difficulties in mathematics acquisition or are predisposed to them (Peng, Congying, Beilei, & 

Sha, 2012). 

It is a common practice to differentiate between children with only mathematics difficulties 

(MD), children with mathematics and reading difficulties (MDRD), and typically developing (TD) 

children (Peng et al., 2012). Researchers assumed that different mechanisms exist underlying 

difficulties both in maths and reading or in maths only (Ashkenazi, Black, Abrams, Hoeft, & 

Menon, 2013; Light & DeFries, 1995). Regarding the stability of difficulties over time, several 

groups can also be identified.  Children who demonstrated persistent mathematics difficulties (MD-

p) differ from children with transient mathematics difficulties (MD-t) and typically developing 

children (Vukovic & Siegel, 2010). 

Much attention is paid to the cognitive predictors of the emergence of maths difficulties in 

children. Particularly, several domain-specific cognitive factors are identified. In particular, children 

with MD demonstrated deficit in different aspects of number sense such as magnitude comparison, 

number recognition or nonsymbolic arithmetic (Dyson, Jordan, & Glutting, 2013; Gersten et al., 

2005; Kroesbergen, Van Luit, Van Lieshout, Van Loosbroek, & Van De Rijt, 2009), and calculation 
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fluency was proved to be connected with MD, but not with MDRD (Jordan, Hanich, & Kaplan, 

2003). It was also demonstrated that a deficit of spatial ability was revealed in children with MD 

(Maria Chiara Passolunghi & Mammarella, 2012). 

Some researchers also identified nonspecific (or domain-general) cognitive factors. Usually, 

these factors are connected to both reading and mathematics, but some of these factors can have an 

independent influence on the emergence of mathematical difficulties. In particular, children with 

MD demonstrated a deficit of working memory and executive function  (Andersson & Lyxell, 2007; 

Swanson & Beebe-Frankenberger, 2004; Toll, van der Ven, Kroesbergen, & van Luit, 2011).  

Among domain-general factors phonological ability was also identified as a possible 

predictor both maths and reading achievement (Melby-Lervåg, Lyster, & Hulme, 2012; M. Chiara 

Passolunghi, Vercelloni, & Schadee, 2007). Phonological ability refers to the sensitivity for the 

sounds of language and to capacity to use these sounds to decode linguistic information and the 

ability to process and understand the sound structure of oral language (Torgesen & Wagner, 1987). 

Researchers have identified three main dimensions of phonological ability: phonological awareness, 

lexical access or rapid automatized naming (RAN) and phonological memory, which is the 

temporary memory storage of phonological information similar to the phonological loop in models 

of working memory (Baddeley, 1992, 2010).  

The findings regarding the role of phonological abilities in the emergence of difficulties in 

the acquisition of math skills or in dyscalculia are rather controversial. Robinson, Menchetti, and 

Torgesen (2002) proposed that poor phonological processing can be a source of the deficit of fact 

retrieval in children with dyscalculia. Other studies have confirmed this suggestion and have 

demonstrated that children with dyscalculia suffer from poor phonological processing (Boets & De 

Smedt, 2010; Vukovic, Lesaux, & Siegel, 2010; Vukovic & Siegel, 2010). Vanbinst, Ghesquière 

and De Smedt (2015) demonstrated that children with dyscalculia, who exhibited persistent 

difficulties in arithmetic fact retrieval, performed significantly more poorly on all dimensions of 

phonological processing, and these differences were significant even when controlling for IQ, 

working memory (WM) capacity or reading achievement (Vanbinst, Ceulemans, Ghesquière, & De 

Smedt, 2015). 

Some researchers supposed that phonological deficit is not the main cause of the emergence 

of specific maths difficulties but could be an additional risk factor for developmental maths 

difficulties (De Smedt, 2018; Landerl, Bevan, & Butterworth, 2004). Some studies also indicated 

that there is no connection between phonological processing and maths difficulties. In particular, 

studies have shown that children with both maths and reading difficulties usually demonstrated a 
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deficit in phonological processing, while children with maths difficulties only often did not show 

phonological impairments (Geary, 1993; Moll, Snowling, Göbel, & Hulme, 2015; Rourke & 

Conway, 1997). In line with these results, phonological processing was found to be a unique 

predictor of reading difficulties but not specific mathematics difficulties (Bryant, MacLean, 

Bradley, & Crossland, 1990; M. Chiara Passolunghi et al., 2007). Maths difficulties might arise as a 

secondary deficit of reading difficulties (Gersten et al., 2005; Jordan et al., 2003). Thus, the role of 

the phonological deficit in the emergence of specific maths difficulties remained unclear. 

Since there is evidence about the link between the deficit of phonological processing and 

maths difficulties, it is possible to assume that a high level of phonological processing can be a 

resource for improvement in maths performance and overcoming of maths difficulties. However, 

we could not find any studies on that. So, little is known about the role of phonological processing 

in persistence or reduction of maths difficulties in elementary school.  

The current study has two main goals. We used the two-wave longitudinal study of the large 

sample of first-graders and identified four groups of children (MD, RD, MDRD, and TD) at the 

beginning of the first grade and traced their transition to a specific group at the end of the first 

grade. Firstly, we aimed to estimate the role of phonological processing in the emergence and 

persistence of specific maths difficulties or combined maths and reading difficulties from the start 

to the end of the first grade. The second goal is to evaluate if the high level of phonological 

processing can be a source of overcoming of MD at the end of the first grade. We also checked if 

the role of phonological processing varied for pupils depending on their group status at the start of 

the first grade. We also control for number identification as the important predictor of maths 

performance in order to accurately estimate the effect of phonological processing.   

 

Method 

Participants 

The study was conducted in the Tatar Republic during the 2017-2018 academic year. The 

socioeconomic characteristics of the Tatar Republic are similar to the average in Russia (based on 

the 2015 census, Russian Federal Statistics Service).  

The research was conducted in two stages – the first one took place at the beginning of the 

school year, in October 2017 (Time 1) on first-graders. The second stage took place at the end of 

the first year of schooling, in May 2018 (Time 2). The initial sample consisted of 3450 pupils, the 



 
 

6 

 

resulting sample consisted of 3296 pupils (49% of them were girls). Sample size reduction was due 

to the transition of pupils at another school or illness in the day of testing. The mean age was 7.3 

years at the beginning of the school year and 7.8 years at the end. 

The data were collected anonymously; the parents of the pupils gave their informed consent 

before the survey. The Institutional Review Board at the Higher School of Economics approved the 

study, and the data were collected according to the guidelines and principles for human research 

subjects. 

 

Procedure 

The testing procedure was computer-based and was conducted on a one-on-one basis by a 

trained tester. The assessment lasted from 15 to 20 minutes and was localized at school in a separate 

quiet room. The software employed an adaptation algorithm which defines which items the students 

will receive during the test, based on their performance.  

Each section in testing is organized so that it starts from the easy items, and the difficulty 

increases as the pupil moves along the test. When the child makes three consecutive or four 

cumulative errors in the section, the assessment proceeds to the next section.  

 

Instruments and measures 

The results were obtained by means of a baseline and follow-up assessments using the iPIPS 

(international Performance Indicators in Primary Schools) instrument. iPIPS was originally 

developed by the Centre for Education and Monitoring at Durham University in the UK (Tymms, 

1999; Tymms, Merrell, & Wildy, 2015), and the Russian version was developed and validated from 

2013 to 2015 (Ivanova, Kardanova, Merrell, Tymms, & Hawker, 2018). 

 The IRT technique was used for examining the achievement level of students, particularly, 

the anchor item equating, using the dichotomous Rasch model (Kolen & Brennan, 2004). The items 

were equated so that it was possible to measure student achievement on a continuous scale from 

Time 1 to Time 2. 

Math performance 

For the estimation of maths achievement, a total of 19 tasks were presented. These tasks 

included word problem-solving tasks and two-digit arithmetic tasks. The scale appeared to be 
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unidimensional, with items highly correlated, and test reliability (Cronbach’s alpha) varied from 0.8 

to 0.9 for Time 1 and Time 2. 

Phonological processing 

We used two types of tasks to assess phonological processing: rhyming tasks and 

word/pseudoword repetition tasks. For a rhyming task, the child had to select a word that rhymed 

with a target word from three options. In total, five target words were presented. As incorporated in 

the software, each word was illustrated with a picture and pronounced by a professional narrator. In 

the word/pseudoword repetition task, the child was asked to repeat a word or pseudoword (for 

example, “frigliyaga” (pseudoword) and “stop” (word)) immediately after hearing it pronounced by 

the assessment software. There were five items for word repetition and three items for pseudoword 

repetition. The reliability was 0.7 at Time 1 and 0.9 at Time 2 assessment. 

Number identification 

The number-identification tasks included single-, two- and three-digit numbers. The child 

was asked to name numbers that were presented visually. A total of 9 one-, two- and three-digit 

numbers were presented. The scale appeared to be unidimensional, with items highly correlated, 

and test reliability (Cronbach’s alpha) varied from 0.8 to 0.9 for Time 1 and Time 2. 

Reading performance 

The reading performance scale was constructed based on tasks that included letter 

recognition, word decoding, and reading comprehension. First, for letter recognition estimation, 

children were asked to name letters presented on the screen, 8 letters in total. Tasks for the 

estimation of word decoding skills included fluent printed word recognition and the reading of a 

simple short story that the child was asked to read aloud. The words were of high frequency. For 

words and the short story, each word that was recognized and read correctly was counted as a 

correct answer. In the story reading task, the child had to read a short story of 34 words divided into 

three parts accompanied by related pictures. If the child was able to read half of the words in each 

part correctly, the item was scored as correct. 

The reading comprehension task included two more difficult texts where the child was 

required to read a passage and, at certain points, to select one word from a choice of three that fit 

the story best (in total, 36 choices were scored). The reliability of the reading scale was higher than 

0.9 for both Time 1 and Time 2. 
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Statistical approach 

Firstly, we identified four groups of pupils at the start of the first grade and the end of the 

first grade using the threshold of 25 percentile. Pupils who had only maths achievement lower than 

25 percentile were identified as only MD group. Pupils who had only reading achievement lower 

than 25 percentile were identified as only RD group. Pupils who had both maths and reading 

achievement lower than 25 percentile were identified as MDRD group. Other pupils were identified 

as the TD group. We estimated what proportion of students within each group at the start of 

schooling moved to another group or stay in the same group (MD, RD, MDRD or TD) at the end of 

the school year. We compared the level of phonological processing between groups at the start and 

at the end of the school year using one-way ANOVA with Bonferroni multiple corrections. 

Further, we estimate the effect of phonological processing on the probability to move in a 

different group at the end of the school year using multinominal regression. The dependent variable 

was the group status at Time 2 (MD, RD, MDRD, TD), MDRD was a reference group. The 

predictors were group status at Time 1 (TD was the reference), Phonological Processing at Time 1 

(PP1), Number Recognition at Time 1 (NR1) and gender (0 = boys; 1 = girls). We conducted this 

analysis to understand if PP had an effect on the transition to MD group, MDRD group and TD 

group at Time 2 under control of group status at Time1, NR at Time 1 and gender. 

We also estimate if the effect of PP1 varied for pupils with different group status at Time 1 

and included an interaction between status at Time 1 and PP1. We calculated predicted probability 

to move into MD, MDRD and TD groups for students with different levels of PP1 and group status 

at Time 1. 

 

Results 

Descriptive statistics 

Table 1.  

Descriptive statistics for math, reading, phonological achievement and number recognition 

Variables Mean 

(in logits) 

SD Min Max 

Math performance at Time 1 -1.06 2.05 -8.01 6.61 
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Math performance at Time 2 0.80 1.93 -6.63 6.63 

Reading performance at Time 1 -.02 2.61 -7.01 6.89 

Reading performance at Time 2 2.45 2.12 -7.2 6.91 

Phonological processing at Time 1 0.81 1.45 -5.24 4.36 

Phonological processing at Time 2 1.96 1.78 -5.22 4.36 

Number Recognition at Time 1 2.02 4.79 -9.08 8.34 

 

Descriptive statistics demonstrated that all measures increased from Time 1 to Time 2, while 

all standard deviations reduced. These results indicate that our sample became more homogenous in 

terms of academic achievement. 

Further, we traced the transition between different groups from Time 1 to Time 2.  

Table 2.  

Transitions between different groups from Time 1 to Time 2 (percent from a group at Time 1)  

 Group status  

 

TD at Time 2 MD at Time 2 MDRD at 

Time 2 

RD at Time 

2 

Overall  

N % N % N % N % N % 

TD 1 1560 76% 162 8% 96 5% 228 11% 2,046 62% 

MD at Time 1 175 43% 125 30% 57 14% 53 13% 410 12% 

MDRD at Time 1 101 22% 92 20% 203 44% 65 14% 461 14% 

RD at Time 1 168 44% 48 13% 70 18% 93 25% 379 12% 

Overall 2,004 61% 427 13% 426 13% 439 13% 3296 100% 

Note:  

TD – typical development (without any difficulties); MD – only maths difficulties; MDRD – 

maths and reading difficulties; RD – only reading difficulties 

The results revealed that the majority of TD children remained at this group at Time 2. A 

considerable number of children with separate MD or RD at Time 1 moved to TD group at Time2 

(43%) whereas only 22% of children with both MD and RD moved to the TD group. At the same 

time, 11% of children without any difficulties at Time 1 moved to a group with RD and 8% moved 

into the group with MD. 

Comparison of the level of phonological processing within each group demonstrated that at 

Time 1 and Time 2 children from the TD group had a significantly higher level of phonological 

processing (Table 3).  



 
 

10 

 

Table 3.  

Level of phonological processing in different groups at Time 1 and Time 2 

Groups TD MD MDRD RD F 

 Mean  

[95% CI] 

Mean  

[95% CI] 

Mean  

[95% CI] 

Mean  

[95% CI] 

 

Time 1 1.18  

[1.12; 1.24] 

0.35 

[0.22; 0.48] 

-0.05 

[-0.17; 0.08] 

0.33 

[0.20; 0.47] 

140.01*** 

Time 2 2.55 

[2.49; 2.62]  

1.62 

[1.47; 1.77] 

0.41 

[0.26; 0.55] 

1.07 

[0.92; 1.22] 

282.21*** 

***p<.001 

Post-hoc comparisons, using Bonferroni correction, revealed that there were no difference 

between MD and RD group in the level of phonological processing, whereas the MDRD group had 

the significantly lower level of phonological processing in comparison with the MD and RD groups 

(mean difference = -0.40, 95% CI -0.64; -0.15). However, at Time 2 children from the MD group 

had a significantly higher level of phonological processing in comparison to the RD (mean 

difference = 0.56; 95% CI 0.27; 0.84) and MDRD groups (mean difference was 1.22; 95% CI 0.93; 

1.50). 

Next, we estimated if the phonological processing had the effect on transitions in the TD, 

MD or RD groups at Time 2 under control of group status at Time 1, number recognition and 

gender (Table 4). 

Table 4. 

 Results of multinomial logistic regression analysis for status at Time 2 (MDRD is a reference 

group) 

 Outcomes 

TD Time 2 MD Time 2 RD Time 2 

Constant 1.87*** (0.13) 0.07 (0.16) 0.38* (0.16) 

PP1 0.19*** (0.05) 0.08 (0.06) 0.07 (0.06) 

Gender 0.32* (0.13) 0.60*** (0.15) 0.07 (0.15) 

NR1 0.20*** (0.02) 0.04* (0.02) 0.16*** (0.02) 

MD1 -0.89*** (0.20) 0.38 (0.22) -0.38 (0.24) 

RD1 -1.15*** (0.19) -0.67** (0.24) -0.08 (0.21) 

MDRD1 -2.03*** (0.19) -1.00***(0.21) -0.96*** (0.22) 

Log likelihood -3192.10 

Pseudo R-square .15 

Note: *p<.05, **p<.01, ***p<.001 
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The results of multinomial regression analysis revealed that phonological processing has a 

positive effect on the probability to have no difficulties in maths and reading. In comparison with 

MDRD, phonological processing did not distinguish pupils with different types of difficulties at 

Time 2. In comparison with boys, girls have a higher probability to have no difficulties or have MD 

only. There is no gender difference with having only RD difficulties in comparison with the 

probability of having both MDRD. 

To make the picture of changes more clear, we calculated the predicted probability to move 

into the group with MD only, with RD only, with both MD and RD and in TD group at Time 2 for 

pupils with different types of difficulties at Time 1 (Table 5).  

Table 5.  

The predicted probability to move into the group with only maths difficulties or in the group 

without difficulties at Time 2 with 95% CI 

 

 

The results revealed that pupils with MDRD at Time 1 have the lowest probability to have 

no difficulties at Time 2, whereas pupils with MD or RD only have an equal probability to move 

into the TD group or into the MDRD group. 

We also tested if the effect of phonological processing on the transition into the TD group or 

into groups with different types of difficulties varied for pupils depending on their group status at 

Time 1 (Table 6).  

Table 6. 

 Results of multinomial logistic regression analysis for maths and/or reading difficulties at 

Time 2 (MDRD is a reference group) 

 MD at Time 1  RD at Time 1 MDRD at 

Time 1 

TD at Time 

1 

Mean predicted 

probability to move into 

MD group at Time 2 

.24 

[.20; .28] 

.11 

[.08; .14] 

.15 

[.11; .18] 

.11 

[.09; .12] 

Mean predicted 

probability to move into 

RD group at Time 2 

.13 

[.10; 17] 

.24 

[.19; .28] 

.19 

[.14; .23] 

.12 

[.10; .13] 

Mean predicted 

probability to move into 

MDRD group at Time 2 

.11 

[.08; .14] 

.15 

[.12; .18] 

.26 

[.22; .30] 

.07 

[.05; .09] 

Mean predicted 

probability to move to 

TD group at Time 2 

.51  

[.47; .56] 

.50  

[.45; .55] 

.41 

[.36; .47] 

.70  

[.68; .72] 
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 Outcomes 

TD Time 2 MD Time 2 RD Time 2 

Constant 1.91*** (0.14) 0.16 (0.17) 0.42* (0.17) 

Phonological 

processing 

0.13 (0.08) -0.04 (0.10) 0.01 (0.09) 

Gender 0.32* (0.13) 0.61*** (0.15) 0.07 (0.15) 

Number recognition 0.20*** (0.02) 0.04* (0.02) 0.16*** (0.02) 

MD Time 1 -0.93*** (0.21) 0.31 (0.23) -0.43 (0.25) 

RD Time 1 -1.09*** (0.20) -0.67** (0.25) -0.05 (0.23) 

MDRD Time 1 -2.07*** (0.20) -1.08*** (0.22) -0.98*** (0.23) 

MD1 * phonological 

processing 

0.05 (0.16) 0.08 (0.17) 0.08 (0.19) 

RD1 * phonological 

processing 

-0.24 (0.14) -0.17 (0.18) -0.14 (0.16) 

MDRD1 * 

phonological 

processing  

0.29* (0.14) 0.45** (0.15) 0.13 (0.15) 

Log likelihood -3074.96 

Pseudo R-square .15 

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

The results of multinomial regression with interaction effect demonstrated that the effect of 

phonological processing on transition into the MD group and into the TD group varied depending 

on the pupil’s group status at Time 1. In particular, phonological processing had a positive effect on 

probability to move into the MD group for pupils with MDRD and had a negative effect for other 

pupils (Figure 1). 

 

Figure 1. The effect of phonological processing at Time 1 on the probability to move into the 

group with maths difficulties only depending on group status at Time 1 

.0
5

.1
.1

5
.2

.2
5

.3

P
ro

b
a

b
ili

ty
 t
o

 m
o

v
e
 i
n

to
 M

D
 g

ro
u

p
 

-1 0 1
Phonology at Time 1 (Z-scores)

TD1 MD1

MDRD1 RD1



 
 

13 

 

We also calculated the predicted probability to move into the MD group for pupils with 

different levels of phonological processing and types of difficulties at Time 1 (Table 7).  

Table 7.  

Predicted probability of transition into the group with MD only with 95% CI depending on 

status and level of phonological processing at Time 1 

 TD at Time 1 MD at Time 1 MDRD at Time 1  RD at Time 1 

Low phonology 

(-1 s.d.) 

.13 

[.10; .15] 

.26  

[.21; .32] 

.13 

[.10; .17] 

.13  

[.09; .17] 

Medium 

phonology  

.11  

[.09; .12] 

.24 

[.20; .28] 

.17 

[.13; 21] 

.11 

[.08; .14] 

High phonology 

(+1 s.d.) 

.09  

[.07; .11] 

.22 

[.15; .29] 

.20 

[.13; 28] 

.09 

[.04; .14] 

 

As these results demonstrated, at the low level of phonological processing, pupils with MD 

at Time 1 have a higher probability to remain in this group at Time 2, in comparison with other 

pupils. At the high level of phonological processing, pupils with MDRD at Time 1, and pupils with 

MD, have the same probability to be in the MD group at Time 2. 

In order to compare transitions to the MD and to the MDRD groups, we also calculated the 

probability to move into the MDRD group for pupils with different group status and the level of 

phonological processing at Time 1 (Table 8). 

Table 8.  

Predicted probability of transition into MDRD group with 95% CI depending on status and 

level of phonological processing at Time 1 

 TD at Time 1 MD at Time 1 MDRD at Time 1  RD at Time 1 

Low phonology 

(-1 s.d.) 

.08 

[.06; .09] 

.12 

[.09; .15] 

.27 

[.23; .31] 

.15 

[.11; .18] 

Medium 

phonology  

.07 

[.06; .09] 

.11 

[.08; .14] 

.23 

[.19; .27] 

.16 

[.12; .19] 

High phonology 

(+1 s.d.) 

.07 

[.05; .08] 

.10 

[.06; .14] 

.18 

[.13; .23] 

.17 

[.12; .22] 

 

As we can see from these results, phonological processing reduced the probability to stay in 

the MDRD group for pupils from the MDRD group at Time1. Independently from the level of 

phonological processing, pupils from the MD and RD groups did not significantly differ in their 

probability to move into the MDRD group at Time 2.  
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The effect of phonological processing on the probability to move into the TD group, also 

varied depending on status at Time 1. In particular, the effect of phonological processing was 

significant for pupils who had MD or MDRD, while the effect was not significant for pupils with 

RD only (Figure 2). 

 

Figure 2. The effect of phonological processing at Time 1 on the probability to move into 

group with no difficulties depending on status at Time 1 

We also calculated the predicted probability to move into the TD group for pupils with 

different levels of phonological processing and types of difficulties at Time 1 (Table 9).  

Table 9.  

Predicted probability of transition into the group without difficulties with 95% CI depending on 

status and level of phonological processing at Time 1 

 TD at Time 1 MD at Time 1 MDRD at Time 1  RD at Time 1 

Low phonology 

(-1 s.d.) 

.67 

[.63; .70] 

.47  

[.40; .53] 

.34 

[.28; .41] 

.49  

[.42; .55] 

Medium 

phonology  

.71  

[.69; .73] 

.51 

[.46; .56] 

.43 

[.37; 49] 

.49 

[.44; .54] 

High phonology 

(+1 s.d.) 

.75  

[.72; .77] 

.56 

[.47; .65] 

.51 

[.40; 62] 

.49 

[.40; .58] 

 

These results revealed that at the low level of phonological processing at Time 1, differences 

in probability to move into the group without difficulties were significant, only between the MDRD 

group and the RD group. In comparison with MDRD, pupils from the RD group or the MD group 

had a higher probability to move into the TD group at Time 2. At the high level of phonological 
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processing at Time 1, pupils from the MD group had small advantages in comparison with pupils 

from the RD group to move into the TD group. It is worth noting, that increasing the level of 

phonological processing related to a larger probability to move into the TD group for pupils with 

MD or MDRD but not for the RD group. 

 

Discussion 

Our study had two main goals. The first goal was to estimate the effect of phonological 

processing on the origin of specific maths difficulties or combined math and reading difficulties 

during the first grade. The second goal was to estimate the phonological processing effect on the 

probability of overcoming the existing maths difficulties. Despite the large body of studies 

regarding relations between phonological processing and maths achievement, we did not find, in 

previous studies, any evidence that phonological processing had any effect on coping with 

mathematics difficulties.  

To fulfil these aims, we implemented a longitudinal design on a large sample of first-graders 

in Russia (N=3296) and identified four groups of pupils regarding their level of maths and reading 

achievement at the start and at the end of the first grade. Thus, the first group was the group with 

only maths difficulties (MD); the second was the group with only reading difficulties (RD); the 

third was the group with both maths and reading difficulties (MDRD) and typical development 

pupils without any difficulties were combined into the TD group. We traced the transition between 

groups from the start to the end of the first grade and estimated the probability of moving into 

different groups, for pupils with different levels of phonological processing and group status at 

Time 1.  

We had several findings regarding these goals. First, our results revealed that at the 

beginning of the first year of schooling, the MD and RD groups do not significantly differ at the 

level of phonological processing while MDRD children had a significantly lower level. However, at 

the end of the first grade the MD and RD groups became different in the level of phonological 

processing. Among children with difficulties, at the end of the first grade, MDRD children had a 

lower level of phonological processing and MD children had a higher level of phonological 

processing in comparison with RD or MDRD children.  

Thus, at the start of schooling, the deficit of phonological processing is rather related to 

difficulties, both in maths and reading, than in one separate domain. This finding may be supported 
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by the results of the research, which showed that phonological awareness might be the factor 

associated with the conjunction of both math and reading difficulties and explained the overlap 

between maths and reading skills (Lopes-Silva et al., 2016; Peterson et al., 2017). In particular, 

Child and colleagues (2019) demonstrated that, at the second grade, phonological awareness 

accounted for the overlap between maths and reading, even when working memory and processing 

speed were controlled for.  

There exists some hypothesis regarding neurobiological underpinning of the overlap 

between maths and reading difficulties. In particular, Ashkenazi and colleagues (2013) identified 

three possible pathways of maths and reading difficulties comorbidity. The additive model posits 

that MD and RD difficulties originate from unique for each domain impairment and comorbidity 

arises from the addition of two effects. The “verbally mediated” model postulated that comorbidity 

originates in the impairment to the phonological system associated with RD. The “domain-general” 

model implied that comorbidity originates from the impairment of domain-general cognitive 

function, such as working memory or attention. 

Our results were in contradiction with the “verbally-mediated” model, although they 

confirmed that impairment of phonological processing was associated with arising both maths and 

reading difficulties. According to the “verbally-mediated” model, maths difficulties arise from the 

existing reading difficulties, which, in turn, arise from the deficit of phonological processing. In this 

case, children with reading difficulties at Time 1 should have a higher probability to move into the 

group with MDRD at Time2 in comparison with children with MD at Time 1. In our sample, the 

probability to move into the MDRD group was not significantly different for MD and RD children 

with any level of phonological processing. Therefore, poor phonological processing was the factor 

that connected with arising additional maths difficulties for children with RD and additional reading 

difficulties for children with MD. 

According to our findings, the effect of phonological processing on the probability to have 

specific maths difficulties at the end of the first grade was positive for children with both maths and 

reading deficits at the start of schooling. This indicated that for children from the MDRD group, 

phonological processing could be the resource for the correction of reading difficulties. Previous 

studies revealed that phonological training might improve difficulties in reading (Männel, Schaadt, 

Illner, van der Meer, & Friederici, 2017). Additional analysis demonstrated that phonological 

processing did not enhance overcoming maths difficulties for children with MDRD. 

 On the other hand, phonological processing had a negative effect on the probability to have 

specific maths difficulties at Time 2 for children with separate maths and reading difficulties, or 
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without difficulties. From this point of view, a high level of phonological processing could reduce 

the probability to have specific maths difficulties for children who did not have such maths 

difficulties previously. Probably, phonological processing may not be directly connected to the 

difficulties in mathematics, but it can be a resource which prevents children from other groups from 

the emergence of difficulties in mathematics.  

Besides, a high level of phonological processing could be negatively related to the 

probability of having consistent maths difficulties. In a longitudinal study, Vukovic and Siegel 

(2010) found that persistent difficulties in mathematics, from the first to the fourth grade, were 

characterized, among others, by the deficit in phonological decoding. Phonology might not be the 

main factor of origin-specific maths difficulties but it can be connected to the persistence of these 

difficulties in time.  

Regarding the second goal, our results revealed that phonological processing had a positive 

effect on the probability of moving into the group without difficulties, for children who had specific 

maths, or both maths and reading difficulties. Moreover, this effect was more salient for children 

with both maths and reading deficits. These results also confirmed the previous findings of the 

phonological processing, as a factor of overlapping between maths and reading skills. The poor 

phonological processing could impair both maths and reading skills and vice versa, while the high 

level of phonological processing could improve the achievement of pupils with MDRD.  

In summary, the results obtained in this study may reflect the close connection between 

mathematics and reading. Probably, they are less differentiated in the primary school, while, by the 

end of the first grade of primary school, the difference between them starts to grow. We can assume 

that our results support this hypothesis, since the level of phonological processing was not different 

for MD and RD groups at Time 1, but became different at Time 2. Supposedly, the more a child 

develops, the more the phonological processing becomes specific for reading achievement rather 

than for mathematics.  

Our study had some limitations. First, in the present study, we did not consider specific 

dimensions of phonological processing, such as phonological awareness or phonological memory 

separately. Instead, we included phonological processing in the analysis as a general construct. 

Meanwhile, it was demonstrated that phonological awareness had a larger effect on maths 

performance compared to other dimensions. It is possible that including specific dimensions into the 

model would change possible outcomes. Secondly, at Time 1, pupils were at the very beginning of 

formal education in maths and reading. So, the low level of maths performance might be related to a 

lack of experience in formal maths, rather than to difficulties in the acquisition of maths skills. 
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However, we can say that pupils with a low level of maths performance at the start of schooling 

have a higher probability to have further maths difficulties. In order to estimate the transition 

between the group with difficulties, it is necessary to trace the transition of pupils from different 

groups further, for example, at the second and the third grade. The ongoing longitudinal project 

iPIPS gives us this opportunity.  

 It is also worth noting, that the methodology for defining learning difficulties may differ 

between studies. We used the threshold of 25 percentile to identify such children. This approach is 

quite popular, but there are other ways to define difficulties. Some research use several tests to 

identify children with difficulties, either in mathematics or in general abilities, for example the 

subtest Arithmetic of the Wechsler Intelligence Scale for Children-Revised and a Standard 

Mathematics Performance Test (Ostad, 2015), or the Chinese Character Recognition Measure and 

Assessment Scale for Primary School Children (CRMA) and the Wide Range Achievement Test-4 

Computation (WRAT–Computation) (Peng et al., 2012). Sometimes the 40th percentile is used to 

define the TD or MD group (Vukovic & Siegel, 2010). Differences between methodological 

approaches to defining MD may cause differences in the obtained results. 
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