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Foreword 

 
 
This report gives an overview of the main findings from the iSeeNumbers project, 
(Eye) Tracking individual differences in numeracy development. Interplay between skills, 
motivation and well-being (2018–2022), and some recommendations that could be 
considered in early grades mathematics teaching. The results presented here have 
been reported in their original publications, which are linked in the text. Some of the 
texts originate from the project’s website (https://www.iseenumbers123.com) and 
blog texts. The reporting of results as articles is still ongoing, although the project has 
now ended. Therefore, this report includes only the findings published by the end of 
2022. 
 
The iSeeNumbers project focused on following children’s numeracy development 
from the first to third grade in Norway. We were also interested in how factors, such 
as motivation and emotions, as well as a variety of cognitive skills, were related to 
numeracy development.  
 
This report consists of five parts. In part one, the iSeeNumbers project is briefly 
presented. In the second part, motivational factors related to mathematics 
performance are presented. The third part focuses on achievement emotions in 
mathematics. The fourth part looks at the roles of domain-specific and domain-general 
factors related to math performance and learning difficulties. The fifth part presents 
the eye-tracking studies in the project. In parts 2–5, the main findings from the 
project’s studies are presented, together with some recommendations for school 
practice. 
 
Several researchers from the project team, also other than the authors, have 
contributed to the different phases of the project and the original publications. We 
would like to thank the participating students, their parents and teachers, as well as 
all research assistants involved in the data collections. 
 
iSeeNumbers project was funded by the Research Council of Norway between the 
years 2018–2022, and conducted at the Department of Special Needs Education, 
University of Oslo, Norway. 
 
 
In the beginning of the new year 2023, 
 
Authors 
 

  



1 Project description 
 
The iSeeNumbers project focused on 
tracing individual differences in 
children’s numeracy development 
from Grade 1 to Grade 3. The aim was 
to understand better the mechanisms 
behind numeracy development by 
focusing on the developmental 
interplay between skills, motivation, 
and well-being (Figure 1). In the 
beginning of the project, we set the 
following aims: 
 
Primary 
• To provide knowledge about the 

individual differences in numeracy 
development, and its interplay 
with other skills (language, 
executive functions), motivation 
(interest, competence perceptions), 
and well-being (school value, math 
anxiety), for improved 
understanding of the mechanisms 
behind numeracy development. 

 
Secondary 
• To identify groups of children with 

different profiles regarding their 
skills, motivation, and well-being 
in Grade 1, and to show the 
stability of and changes in group 
memberships over time until Grade 
3 

• To identify different 
developmental trajectories in 
numeracy from Grade 1 to Grade 3 

• To identify early markers that best 
predict numeracy developmental 
trajectories 

• To reveal processes and strategies 
that children with different levels 
of numeracy skills make, by 
analysing their eye movements 

• To acknowledge physiological 
responses (heart rate and skin 
conduction) while executing 
numeracy tasks, and their relation 
to math anxiety 

The Covid-19 pandemic, unfortunately, 
also affected our project. Initially, we 
aimed for collecting data at five time 
points, biannually, from first grade 
spring to third grade spring. The third 
time point needed to be cancelled due 
to lockdown. We also needed to adjust 
the measures and ways of collecting 
data in the third grade, due to Covid-19 
restrictions. In the end, we were able to 
collect data at four time points, so that 
we were able to answer for our main 
research questions and keeping the 
longitudinal study design.  
 

 
 
1.1 Participants 

The participants were 265 Norwegian 
first graders in the beginning of the 
study (Mage = 6 y. 9 m., SD = 3.33 m., 
46.1% girls). The students came from 12 
classrooms in five public schools in the 
capital region of Norway. Most of the 
schools were located nearby the data 
collection site, to avoid long 
transportation times for the children 
during the school day.  

Our sample of children came mainly 
from families having middle or high 
levels of education. The educational 
level of the parents (i.e., the proxy of 
socio-economic status) reflected the 
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national educational attainment in the 
capital region of Norway (Statistics 
Norway). As reported by their parents, 
10.6% of the children had Norwegian as 
their second language.  

Before the data collection, an ethical 
approval was applied for and granted 
by the Norwegian Centre for Research 
Data. Consent for participation from 
children’s parents and teachers were 
collected accordingly.  

1.2 Measures 

A set of different age-appropriate 
measures were included in the data 
collections. We name here those used in 
the studies and referred to in this 
report. The test instructions were 
translated first into English, then into 
Norwegian, and the item level 
questions were also back-translated to 
ensure the correspondence and quality 
of the translations, either by research 
team members fluent in both languages 
or by authorized translators.  

1.2.1 Numeracy measures 

Symbolic numerical magnitude processing 
• Brankaer, C., Ghesquière, P., & De Smedt, 

B. (2017). Symbolic magnitude processing 
in elementary school children: A group 
administered paper-and-pencil measure 
(SYMP Test). Behavior Research Methods, 
49(4),1361–1373. 
https://doi.org/10.3758/s13428-016-0792-3   

Verbal counting skills 
• Salminen, J., & Koponen, T. (2011). 

Oppimisen arviointi: Matematiikan oppimisen 
seurannan välineet. Käsikirja [LukiMat – 
Assessment of learning: Progress 
monitoring of mathematics learning. Man- 
ual]. Niilo Mäki Institute.  

Arithmetic fluency (addition and 
subtraction) 
• Klausen, T., & Reikerås, E. (2016). 

Regnefaktaprøven. Lesesenteret, University 
of Stavanger, Norway.  

Mathematics achievement Grade 2 and 3  
• Mononen, R. (2019). Matteoppdraget 2. 

Curriculum-Based Mathematics Test for Grade 
2. Unpublished. University of Oslo.  

• Mononen, R. (2021). Matteoppdraget 3. 
Curriculum-Based Mathematics Test for Grade 
3. Unpublished. University of Oslo.  

Word problem solving 
• Wechsler, D. (2017). WISC-V Wechsler 

Intelligence Scale for Children (Regning) – 
fifth edition. Norwegian version. Pearson.  

1.2.2 Cognitive measures 

Nonverbal reasoning 
• Raven, J. C., Court, J. H., & Raven, J. (1990). 

Manual for Raven’s progressive matrices and 
vocabulary scales: Section 2, Coloured 
progressive matrices. Oxford University 
Press.  

Rapid automatized naming 
• Semel, E., Wiig, E., & Secord, W. (2003). 

Clinical Evaluation of Language Fundamentals 
– Fourth Edition (CELF-4). Norwegian 
version. Pearson.  

Word comprehension 
• Wechsler, D. (2017). WISC-V Wechsler 

Intelligence Scale for Children (Regning) – 
fifth edition. Norwegian version. Pearson. 

1.2.3 Motivation 

Interest, self-concept, and value 
• Niemivirta, M., Tapola, A., Tuominen, H., 

Korhonen, J. & Mononen, R. (2019). 
Competence perceptions, interest and value in 
mathematics (CIVM). Unpublished. 
University of Oslo, University of Helsinki, 
University of Eastern Finland and Åbo 
Akademi University.  

1.2.4 Achievement emotions 

Anxiety, boredom, and enjoyment 
• Pekrun, R., Lichtenfeld, S., Killi, U., & 

Reiss, K. (2007). Achievement Emotions 
Questionnaire–Elementary School (AEQ-
Elementary School) - User’s Manual. Munich, 
Germany: University of Munich, 
Department of Psychology.  
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1.2.5 Background demographics 
 
• Parents and teachers responded to 

questionnaires providing information 
about the background demographics. 

 
 
1.3 Procedure 
 
At time points 1 and 2, the children 
participated in an adventure day, at the 
data collection site. During this 3–4-
hour day, trained research assistants 
conducted testing individually and in 
small groups. Small breaks and a lunch 
break were given in between the 
sessions. The first data collection was 
done in the first grade March–May 2019 
and the second one in the second grade 
in November 2019. 
 
The third data collection in spring 2020 
was cancelled due to global Covid-19 
lockdown.  
 
The third data collection in November 
2020 needed to be adjusted due to 
ongoing pandemic and restrictions set 
by the Norwegian government. Taking 
these into consideration, research 
assistants visited schools and carried 
out testing in small groups.  
 
The fourth data collection needed to be 
further adjusted. The schools did not 
allow any visitors in spring 2021. The 
only option was to conduct data 
collection online. The testing materials 
were delivered to schools a few days 
prior to testing. One research assistant 
gave instructions via Teams, and the 
teacher supervised the students in their 
classrooms. There were no technical 
issues that would have violated the 
validity of the data. Quite the contrary, 
this way of collecting data proved to be 
useful. 
 
 
 

All collected data were coded by the 
research assistants and overseen and 
double-coded (about 14%) by the 
project leader.  
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2 Motivation and 
mathematics 
 
Motivation has an important role in all 
learning, including the development of 
mathematical skills (Denissen et al., 
2007). A well-known definition 
describes motivation as the 
energisation and direction of behaviour 
(Pintrich, 2003). The study of 
motivation could therefore be seen as 
an examination of what it is that moves 
individuals into action, and towards 
which end or ends their actions are 
directed. Research into motivation sees 
it as a multifaceted concept. For 
example, interest and self-concept, 
which we focused on in the 
iSeeNumbers project, are seen as 
different aspects of motivation.  

2.1 Interest  

It is often thought that interest in a 
school subject improves achievement, 
but research evidence for this claim has 
been quite mixed. Some studies have 
suggested that achievement, in fact, 
predicts interest, not vice versa (Garon-
Carrier et al., 2016), and yet others have 
found no relationship between interest 
and achievement either way (Nuutila 
et al. 2018). However, interest is known 
to be beneficial in many other ways. 
Interesting activity is experienced as 
rewarding, and engaging in such 
activity triggers positive energy (Hidi, 
2006).  
 
Interest supports effort (Arens & 
Hasselhorn, 2015) as well as persistence 
in the face of possible difficulties (Hidi 
& Renninger, 2006). It has also been 
found to buffer students against stress 
and experienced difficulty, which, in 
turn, have been linked with poorer 
performance in mathematics (Rawlings 
et al., 2021). It therefore appears 
important to awaken students’ interest 

in mathematics and support its 
development. 

2.2 Self-concept 

Academic self-concept (also called self-
concept of ability, or competence 
perceptions) refers to students’ 
perception of their own abilities or 
competence in a specific subject, such 
as mathematics. Believing oneself to be 
competent is considered important for 
achievement, but also a valuable aim 
for education in itself (Weidinger et al., 
2018). 
 
In pre-school and during the first years 
of elementary school, students’ self-
concept is typically quite positive. 
However, it tends to decrease over 
time, as students learn to differentiate 
between ability and effort, and evaluate 
their abilities more accurately 
(Nicholls, 1984). Self-concept and 
interest in a subject are usually 
connected, but self-concept is more 
strongly linked with achievement, 
whereas interest is related to effort and, 
in later school years, also course 
choice (Schneider & Sparfeldt, 2018).  

2.3 Study 1 

Following a person-oriented approach 
(Bergman et al., 2003), we investigated 
what kinds of profiles of mathematical 
skills (i.e., number sense, counting and 
arithmetic) and motivation (i.e., 
interest, self-concept) can be identified 
among first graders. Using latent class 
clustering analysis, four distinct 
profiles were identified. The largest 
group (46%) consisted of students who 
displayed relatively high mathematical 
skills but slightly lower interest than on 
average. Second, there was a group 
characterized by relatively high 
mathematical skills and positive 
motivation (22%) and, in contrast, a 
group with low skills and negative 
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motivation (21%). Also, an interesting 
pattern of low skills but positive 
motivation was extracted (12%). 
Validation of the profiles by means of 
ANOVAs showed that students who 
had positive math-related motivation, 
regardless of their math skills, 
displayed high valuing of both math 
and school in general.  

The findings indicate that skills and 
motivation – especially interest – do not 
always go hand in hand.  

Reference to the original article: 

Tuominen, H., Niemivirta, M., Korhonen, J., 
Tapola, A. & Mononen, R. (2021). 
Matemaattisten taitojen ja motivaation 
profiilit ensimmäisen luokan oppilailla 
[Profiles of mathematical skills and 
motivation among first grade students]. 
Psykologia, 56(6), 548–566. 

2.4 Recommendations for 
practice 

Understanding these different types of 
patterns of mathematical skills and 
motivation may help the teacher to 
identify such individual differences 
and to take these into account in 
teaching of mathematics.  
 
It is important to identify those 
students who need educational support 
in either mathematics learning, in 
raising of interest in mathematics, or in 
both. 

Students who have good motivation 
have a better starting point for later 
mathematics learning than those 
students whose both skills and 
motivation are lower. Students with 
good motivation are most probably 
willing to practice more than those with 
lower motivation and skills.  

 

It is important that those students who 
have lower mathematical skills in the 
beginning of schooling get the needed 
educational and motivational support 
for their mathematics learning as early 
as possible. 

Use of math manipulatives, games and 
playful activities in mathematics 
learning may help to increase students’ 
interest in mathematics (Silvia, 2006). 
Those struggling with mathematics 
may benefit from research-based 
interventions targeted for specific 
mathematical skills (e.g., Mononen & 
Aunio, 2016). 
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3 Achievement emotions 
and mathematics  
 
Mathematics is a school subject that 
students often associate with distinct 
emotions – some enjoy learning 
mathematics, others may feel bored in 
mathematics lessons, and yet others 
may even fear situations in which they 
have to deal with numbers. Prior 
research on achievement emotions (i.e., 
emotions that focus on learning 
activities or outcomes; Pekrun et al., 
2007) in mathematics has mainly been 
conducted among older students, with 
only a few exceptions of studies 
focusing on primary-school 
students (e.g., Lichtenfeld et al., 2012).  
 
We know that different emotions 
students experience in mathematics 
situations seem connected with how 
they perform in mathematics, often so 
that positive emotions are coupled with 
good performance, and vice 
versa (Carey et al., 2006). In learning 
situations, such as during a 
mathematics lesson, different emotions 
are aroused when students are working 
with a mathematics task (i.e., 
achievement activity) and when they 
successfully accomplish or sometimes 
fail in it (i.e., achievement outcome) 
(Pekrun et al., 2007).  
  
Achievement emotions are categorised 
not only as positive or negative, but 
also further as activating or 
deactivating. Thus, for example, 
enjoyment would be considered a 
positive, activating emotion, whereas 
boredom would be a negative, 
deactivating emotion. In the 
iSeeNumbers project, we focused on 
three emotions important for math 
learning, namely, anxiety, enjoyment, 
and boredom. 
 
 

3.1 Math anxiety 

Math anxiety is defined as “a feeling of 
tension and anxiety that interferes with 
the manipulation of numbers and the 
solving of mathematical problems in … 
ordinary life and academic situations” 
(Richardson & Suinn, 1972). Around 
11–17% of individuals experience high 
math anxiety (Devine et al., 2018). 
Among older students, math anxiety is 
often linked with lower performance in 
mathematics (Skagerlund et al., 2019), 
but less is known about this 
relationship among younger students. 
 
Conflicting interpretations have been 
reported regarding the causal direction 
between math anxiety and 
performance. On the one hand, poor 
mathematics performance and negative 
memories associated with it have been 
found to lead to math anxiety (Wang, 
2020). On the other hand, some studies 
have shown that mathematics anxiety 
can hinder mathematics performance 
(Carey et al., 2015).  
 
Math anxiety may affect mathematics 
performance either through avoidance 
of mathematics-related situations or, 
more directly, through interfering with 
the processing and retrieval of 
numerical information, both of which 
can lead to poor mathematics 
performance. In addition, according to 
one prominent view into the influence 
of math anxiety on mathematics 
performance, worries and distressing 
thoughts connected with math anxiety 
tax working memory resources that are 
needed for solving a mathematical task, 
hence leading to poorer mathematics 
performance (Ashcraft, 2002). Finally, 
findings from some longitudinal 
studies point to a reciprocal relation 
where math anxiety and mathematics 
performance may influence each other 
over time, possibly leading to a vicious 
circle (Aldrup et al., 2020).  
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3.2 Enjoyment 

The word “enjoyment” can describe 
pleasurable experiences in a broad 
range of situations or circumstances, 
from the pleasure brought about by 
working on an interesting task all the 
way to general enjoyment of 
life (Ainley & Hidi, 2014). In the project, 
we considered enjoyment as 
excitement, pleasure, and satisfaction 
experienced in relation to a learning 
activity (Pekrun et al., 2007) – more 
specifically, in the subject of 
mathematics. 
 
Enjoyment is closely linked with 
interest, and the two often go together 
and promote each other (Ainley & 
Hidi, 2014). Interest motivates 
exploration and information-seeking, 
and enjoyment describes the pleasure 
and satisfaction derived from such 
activities and related achievements. For 
example, a child may be interested in 
working on a mathematics task, and 
delight in their skills and in learning 
something new. Enjoyment can also be 
felt in anticipation, for example, when a 
child is looking forward to and feeling 
excited about a future math lesson. 
Feeling confident about one’s ability 
and, hence, about the possibility of a 
successful outcome supports such 
anticipatory enjoyment, and enjoyment 
of learning more generally (Pekrun & 
Perry, 2014). 
 
Enjoyment has been linked with 
mathematics achievement (Raccanello 
et al., 2019), but studies examining 
these relationships among young 
children and over time are still very few 
(Lichtenfeld et al., 2022). 

3.3 Boredom 
Boredom is defined as an unpleasant, 
negative emotional state that is 
characterised by a lack of interest and a 
desire to change, avoid, or withdraw 

from the activity or situation one is 
in (Goetz & Hall, 2019). In a learning 
context, boredom is generally seen as 
maladaptive, since wanting to avoid or 
escape from an activity seen as boring 
may interfere with the student’s 
attention, and direct it towards 
something they perceive as more 
rewarding instead. Boredom, therefore, 
is considered to reduce the cognitive 
resources available for working on a 
task, impair engagement and 
persistence in an activity, and result in 
shallow information processing and a 
passive approach to learning. Boredom 
is, thus, largely seen as contributing to 
poorer achievement. Indeed, empirical 
findings show negative relations 
between boredom and attention, effort, 
and task performance.  
 
In prior research, boredom has been 
found to be one of the most commonly 
experienced emotions in learning 
contexts, among students of different 
ages and educational levels, from 
secondary school to university (Goetz 
& Hall, 2019). However, boredom has 
so far been studied less than some other 
emotions (for example, anxiety), and 
this is especially the case among 
younger children. The few studies that 
have been conducted tend to suggest 
that young students experience little 
boredom, but also that boredom may 
begin to increase already in elementary 
school (Raccanello et al., 2019).   
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3.4 Study 2 

Study 2 focused on the levels of and 
changes in mathematics anxiety, 
symbolic numerical magnitude 
processing (SNMP) and arithmetic 
skills (AS), and how those changes are 
linked to each other.  By means of latent 
change score modelling, we found 
significant individual differences in 
children’s math anxiety, despite the 
very low level of it on average. All 
constructs correlated significantly at 
both time points (t1 and t2), although 
the negative association between 
SNMP and AS and math anxiety 
became somewhat weaker in the 
second grade. The rank-order stability 
over time was high in all constructs, 
and particularly so in SNMP and AS. 
Mean level increases in SNMP and AS 
over time were also significant, while 
no average change in math anxiety was 
detected.  
 
Most interestingly, changes in SNMP 
and AS over time were correlated (i.e., 
improvement in SNMP was associated 
with improvement in AS), as were 
changes in AS and MA (i.e., steeper 
increase in AS was linked with less 
steep increase in anxiety). Only the 
initial level of arithmetic skills and 
change in it predicted second grade 
mathematics performance.  
 
The findings suggest that over time, 
math anxiety may become more 
directly linked with mathematical skills 
practised in school than with more 
intuitive number sense skills. Further, 
difficulties in learning basic arithmetic 
may expose children to increases in 
negative emotions. This raises an 
interesting question of whether the 
mechanisms underlying children’s 
experiences of MA gradually change 
over time due to increasing exposure to 
explicit mathematics and mathematics-
related activities.  

Reference to the original article: 

Mononen, R., Niemivirta, M., Korhonen, J., 
Lindskog, M., & Tapola, A. (2021). 
Developmental relations between 
mathematics anxiety, symbolic numerical 
magnitude processing, and arithmetic skills 
from first to second grade. Cognition and 
Emotion. Advance online publication. 
https://doi.org/10.1080/02699931.2021.20
15296   

 
3.5 Recommendations for 
practice 

Teachers should be aware that despite 
children generally displaying little MA, 
significant individual differences exist 
in both these experiences and how they 
change over time, with some children 
experiencing MA already in early 
grades. Based on our and prior research 
(e.g., Beilock & Willingham, 2014), we 
recommend the following: 
 
Try to make math tasks and activities 
motivating and interesting to the 
students - connect tasks to everyday 
situations. 
 
Encourage and support persistence in 
doing math tasks. 
 
Show that there often are different 
ways to solve the problem, not only 
one.  

 
 
Findings related to different emotions 
and their development from first to 
third grade will be reported in the 
coming article (under revision): 
 

Rawlings, A. M., Niemivirta, M., Korhonen, 
J., Lindskog, M., Tuominen, H., & 
Mononen, R. (2022). Achievement emotions 
and arithmetic fluency – Development and 
parallel processes during the early school 
years. Preprint available at 
PsyArXiv: https://doi.org/10.31234/osf.io
/ufr32  
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4 Domain-specific and 
domain-general predictors 
of mathematics  
 
There are several domain-specific (e.g., 
number sense, counting skills) and 
domain-general (e.g., working memory 
and language) skills that have been 
found to be linked with mathematics 
performance. Longitudinal studies, 
however, have still been scarce.  

In the iSeeNumbers project, we aimed 
to include different domain-specific 
and domain-general factors 
simultaneously in different studies. 
The first study focused on the first-
grade mathematics performance and 
the roles of WM and number sense in it. 
The second one investigated which 
domain-specific and domain-general 
factors measured at the first grade 
predict math difficulties in the third 
grade. 
 
4.1 Number sense 

Number sense is considered as an 
innate numeracy skill, which not only 
humans but also some animals, such as 
fish and birds have. As the term 
indicates, it refers to sense of numbers.  
 
The latest research is consistent in its 
findings that symbolic number sense 
(e.g., measured using number 
comparison tasks, such as which is 
bigger, 7 or 9) seems to relate to 
mathematics achievement. Those 
children with weak symbolic number 
sense skills seem to perform weak in 
mathematics in general, or showing 
mathematical learning difficulties (e.g., 
DeSmedt et al., 2013). The research 
results concerning non-symbolic 
number sense (e.g., measured using dot 
comparison tasks) have been more 
mixed, which partly can be explained 

by using different methodological 
approaches in studies. Some studies 
have found a relation between non-
symbolic number sense and 
mathematics achievement, some not.  
 
School-aged children with 
developmental dyscalculia often are 
characterised as having weaker 
number sense compared to their 
peers (Mazzocco et al., 2011). More 
specifically, recent research shows that 
symbolic number sense may play a 
more important role in relation to 
mathematical learning difficulties than 
non-symbolic number sense (DeSmedt 
et al., 2013). 
 
4.2 Counting skills 

Counting is a way to find out the exact 
number of objects in a set. In order to 
succeed in this, a child needs to learn 
the counting words of his language, to 
know the principles of counting, and be 
provided with an environment in 
which there are many opportunities for 
practicing counting. 
 
Verbal counting means that a child can 
say number words, “one”, “two”, 
“three” etc, in correct sequence both 
forwards and backwards. Learning 
number sequences often happens 
parallel with learning to count objects, 
such as toys. 

There is a general agreement that the 
role of counting skills, both verbal and 
object counting, is a significant 
predictor of early grades arithmetic 
skills, based on findings from several 
longitudinal studies (e.g., Aunola et al., 
2004; Bartelet et al., 2014). Studies 
focusing on low-performing 
kindergartners have shown that these 
children often face difficulties in 
counting skills (e.g., Toll & Van Luit, 
2014). 
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4.3 Executive functions 

While doing a mathematical task, a 
child needs to be able to regulate his 
actions: to plan, assess, and alter his 
actions, if needed. For example, 
carrying out tasks of counting and 
mental arithmetic require moment-to-
moment monitoring, processing, and 
maintenance of task-relevant 
information (Baddeley & Logie, 1999).  

Executive functions is often used as an 
umbrella term for different cognitive 
processes: working memory, 
inhibition, and cognitive 
flexibility (Miyake et al., 2000). The role 
of working memory (WM) in relation to 
mathematics performance and 
development has been studied 
extensively in recent years (Mazzocco 
& Räsänen, 2013). WM has been found 
both to be related to and to be a 
significant predictor of mathematical 
achievement (Hornung et al., 2014). 
Especially visual-spatial WM 
functioning seems to have a significant 
role in how children perform in 
mathematics. On the one hand, those 
children who have weak visual-spatial 
WM skills have been found to perform 
poorly in mathematics, both in 
arithmetic fluency and word problem 
solving. On the other hand, children 
having mathematical learning 
difficulties have been found to have 
weaker working memory skills overall 
compared to their age peers, not only in 
visual-spatial WM functioning, but also 
in phonological and central executive 
WM functioning. 
 
4.4 Language skills 

Many early mathematics tasks require 
using and understanding language. For 
instance, to count proficiently, a child 
needs to know number words (Cowan 
et al., 2005). For transcoding between 
number words and number symbols, a 

child must understand the meaning of 
the number word and the rules that 
govern the structure for number words. 
The nature of the interrelations 
between language skills and 
mathematics skills is not yet clear, 
because the studies concerning 
language and mathematics skills may 
have operationalised language 
subskills differently (i.e., using 
different types of tasks to measure one 
skill), and investigated the relation to a 
variety of different mathematical skills. 
  
Based on the research, there is evidence 
that early language skills, namely, oral 
language (i.e., vocabulary, and 
understanding grammatical rules and 
structure of language), phonological 
awareness (i.e., differentiating and 
manipulating meaningful segments of 
a spoken language, for instance, being 
able to blend and delete parts of 
words), and print knowledge (i.e., 
knowledge of letter names and sounds, 
words, and basic conventions about 
books and print), have a strong relation 
to early mathematics 
development (e.g., Praet et al., 2013; 
Purpura & Ganley, 2014). 
 
4.5 Study 3 

In this study, we examined the joint 
effects of working memory (WM) and 
symbolic numerical magnitude 
processing (SNMP) on first graders’ 
mathematics performance (i.e., 
counting, arithmetic facts and word 
problem–solving). Several domain-
general skills and relevant 
demographics were controlled for. 

Using latent class cluster analysis, four 
groups were identified: (1) weak SNMP 
(33.6%), (2) strong SNMP (25.8%), (3) 
weak SNMP and WM (23.4%) and (4) 
strong WM (17.2%).  
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When controlling for age, gender and 
domain-general skills (e.g., rapid 
automatized naming and word 
comprehension), we found the 
following. Strong SNMP’s and WM’s 
contribution might be partly 
compensatory. The groups, which were 
strong either in SNMP or in WM had 
better mathematics performance than 
other groups, but those did not differ 
from each other. Weak SNMP, on one 
hand, was related to lower addition 
and subtraction skills. Weak WM, on 
the other hand, seemed to be linked 
with poorer counting skills. The group 
with weak SNMP and WM performed 
the lowest on counting tasks.  

Reference to the original article: 

Mononen, R., & Niemivirta, M. (2022). 
Patterns of symbolic numerical magnitude 
processing and working memory as 
predictors of early mathematics 
performance. Advance online publication, 
European Journal of Psychology of Education. 
https://doi.org/10.1007/s10212-021-00596-
4 

 
4.6 Study 4 

In this study, we investigated which 
domain-specific and domain-general 
skills measured in the first grade 
predict mathematical learning 
difficulties (MLD) status in the third 
grade. For the purpose of comparison, 
we used different cut-off criteria and 
measures of mathematics performance 
for defining the MLD status.  

Logistic regression analyses showed 
that symbolic numerical magnitude 
processing (SNMP), verbal counting, 
and rapid automatized naming 
predicted MLD25 status (performance 
≤ 25th percentile) based on arithmetic 
fluency. Verbal counting skills and 
nonverbal reasoning predicted the 
MLD25 status based on the curriculum-
based mathematics (CBM). 

The same predictors were found for 
MLD10 status (performance ≤ 10th 
percentile), and in addition, rapid 
automatized naming predicted the 
status based on CBM. Only SNMP and 
verbal counting predicted LOW status 
(performance between 11–25th 
percentile) based on arithmetic fluency, 
whereas nonverbal reasoning and 
working memory when the status was 
based on CBM.  

Reference to the original article: 

Mononen, R., Niemivirta, M., & Korhonen, 
J. (2022). Predicting mathematical learning 
difficulties status: The role of domain-
specific and domain-general skills. 
International Electronic Journal of Elementary 
Education, 14(3), 335–352. 
https://www.iejee.com/index.php/IEJEE
/article/view/1731 

4.7 Recommendations for 
practice 
 
Domain-specific skills appear to be 
more predictive when the MLD status 
is based on arithmetic fluency, while 
domain-general skills seem more 
influential when the MLD status is 
based on CBM. Symbolic numerical 
magnitude processing and verbal 
counting skills seem to have an 
important role in predicting later 
mathematics performance. 
 
Screening symbolic number sense and 
verbal counting skills already in the 
first grade might be an effective and 
feasible approach to identify children 
with potential problems in 
mathematics learning and at risk for 
later mathematical learning difficulties. 
  



      iSeeNumbers 

   15 

5 Eye-tracking math 
performance  
 
One of the aims in the iSeeNumbers 
project was to include also 
physiological measures to see what 
additional information those could give 
to more traditional behavioural 
measures. The Covid-19 situation 
challenged our data collection, and 
thus we could focus only on developing 
some eye-tracking tasks and collecting 
eye-tracking data on children at two 
time points (t2 and t4). As these types 
of tasks have not been used in this age 
group earlier, we needed to pilot test 
the tasks with older students before 
conducting them with the children.  
 
The pilot study followed the main 
study design, but with a sample of 
university students. These students 
completed a set of multiplication tasks 
of different difficulty levels while their 
eye movements were recorded, 
whereas the children performed 
addition tasks, which they were more 
familiar with.  
 
5.1 Study 5 

The aim of the pilot study was to 
investigate if mathematics anxiety 
(MA) moderates the effect of arithmetic 
(i.e., multiplication) problem difficulty 
on cognitive effort. A linear mixed 
model analysis showed that the 
difficulty level of the multiplication 
problems affected cognitive effort (i.e., 
the pupil dilated more with harder 
multiplication problems). We did not 
find a moderating effect of MA on 
cognitive effort, when controlling for 
arithmetic competence, general 
intelligence, and working memory. 
These findings suggest that MA does 
not contribute to cognitive effort (when 
operationalised as pupil dilation) in 
solving multiplication problems. 

Reference to the original article: 

Throndsen, T. U., Lindskog, M., Niemivirta, 
M., & Mononen, R. (2022). Does 
mathematics anxiety moderate the effect of 
problem difficulty on cognitive effort? 
Advance online publication, Scandinavian 
Journal of Psychology. 
https://doi.org/10.1111/sjop.12852 

 
  
Findings from the eye-tracking study 
with a sample of children from the 
iSeeNumbers project will be reported 
in a coming article (submitted): 

 
Throndsen, T. U., Anmarkrud, Ø., 
Lindskog, M., & Mononen, R. (2023). Maths 
anxiety in second grade pupils is associated 
with increased cognitive effort when 
solving addition problems. Preprint 
available from: https://osf.io/n2bze/    
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