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Abstract
The aim of this study is to deepen the understanding of how preschool teachers can use representations of different kinds to 
bring fore the mathematical content that may be afforded in pictures and narrative designed for numerical learning purposes. 
Seventy-three video documentations of reading sessions with 27 toddlers (1–3 years of age) over the course of three semesters 
were analyzed with a focus on number-oriented actions that, theoretically, would facilitate toddlers’ learning of numbers. In 
the reading sessions the teachers extended the content of the pictures and the narrative in different ways, and how one and 
the same picture was handled was shown to impact on what was made possible for the children to discern. Three different 
objects of learning—identifying numbers, comparing numbers, and operating on numbers—were made visible. Further, 
the use of gestures strengthened the possibility for the children to make connections within and between representations. 
This contributes to our understanding of the importance of using representations and gestures with a pedagogical purpose.
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Introduction

As mathematics in general and numbers in particular are 
abstract notions, they need to be represented in order to be 
perceived. Thus, one challenge in education involves sup-
porting children in seeing phenomena like numbers that can 
only be mediated through representations (Duval, 2006). 
Such representations are often symbols, but can also be pic-
tures or words, for example.

The present study is a continuation of studies show-
ing that children’s attention to numbers and the frequency 
and quality of “number talk” significantly increased when 
teacher and child were engaged in interactive conversation 
including representations (Björklund & Palmér, 2020, 2022). 
However, children’s learning is more complex than simply 

engaging in activities including mathematical representa-
tions. To attain positive learning results, it has been shown 
to be crucial for the teacher to comprise and extend the 
children’s responses (Hassinger-Das et al., 2015; Jennings 
et al., 1992). In earlier studies of teacher-child interaction 
with pedagogical purposes (Björklund & Palmér, 2020, 
2022, 2023), how the teacher directs attention to the math-
ematical content and a certain meaning of the content has 
been shown to be of great importance but also a challenging 
task. The aim of the current study is to deepen this strand of 
research, by specifically focusing on how preschool teachers 
use representations of different kinds to bring fore the math-
ematical content that may be afforded in pictures and narra-
tive designed for numerical learning purposes. The specific 
research question is: What is made possible to learn about 
numbers, and how is this learning of numbers facilitated 
based on teacher actions?

Background

Learning about numbers is a complex endeavor that goes 
beyond merely learning to recite the counting rhyme in a 
stable order. Knowing the meaning of the counting words 
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and making use of numbers in  situations that include 
quantities requires knowledge of the meaning that num-
bers (and counting words) may entail and how represen-
tations can be used to communicate and work with num-
bers. The research in this area is broad; as a starting point, 
there are presumed innate cognitive processes that help 
a child to perceptually discriminate and quantify small 
sets of objects (subitizing, e.g., Clements et al., 2019) and 
to approximately determine larger amounts (ANS, e.g., 
Bonny and Lourenco, 2013). These intuitive processes are 
presumed to be a foundation for developing an understand-
ing of how quantities are represented by finger patterns, 
counting words, or graphic symbols.

Most commonly, numbers are related to determining 
an exact quantity. Answering the question “how many” 
with a counting word is an indication of a child perceiving 
numbers’ “cardinality” meaning. In general, children have 
acquired this understanding by their fourth birthday; that 
is, they understand that “three” means a set of exactly three 
objects and that if you add another object, it will make one 
(and only one) more than three: “four” (Sarnecka & Carey, 
2008). Solving problems in which quantities change or 
are missing requires the knowledge that numbers are con-
stituted of smaller numbers (or units) in a relational way. 
One could say that numbers need to be regarded as objects 
themselves, which thereby makes it possible to perceive 
their meaning (Radford, 2003) and allows the child to men-
tally manipulate, decompose, recompose, and relate them 
to other numbers. But as numbers are not objects in the 
same sense as physical ones, their meaning is only accessi-
ble through representations. Representations refer to some 
meaning they are taken to have, but these meanings are 
accessible for interpretation, manipulation, and discussion 
through the representations themselves (Goldin, 2014).

Even though the theoretical foundations and wordings 
in research on representations differ, they share an empha-
sis on the fact that the learning of mathematics involves 
and can be strengthened by the ability to make connec-
tions within and between representations (see Lesh et al., 
1987; Duval, 2006; Goldin, 2014). However, children do 
not automatically realize such connections but must rather 
see them demonstrated (Björklund & Palmér, 2020, 2022). 
The quality of teachers’ verbal communication about num-
bers—that is, how the connections between and meaning 
of numbers are demonstrated—has been empirically shown 
to play a significant role in children’s ways of reasoning 
about numbers (e.g., Björklund & Palmér, 2020; Levine 
et al., 2010). A recent study on how modes of representa-
tion are made into resources for number learning in book 
reading sessions with toddlers revealed that each mode 
of representation had to be presented to the children in 
ways that highlighted the specific intended meaning, and 
that variation within one mode of representation was more 

likely to bring to the fore a certain meaning of numbers 
for the child than was variation between different modes of 
representation alone (Björklund & Palmér, 2022).

Gestures, often used together with representations, have 
been shown to promote mathematical learning among 
young children (Ping & Goldin-Meadow, 2008; Valenzeno 
et al., 2003; Robutti, 2014). Gestures have communica-
tive power when used to convey information about ideas 
and relations, and provide additional cues when verbal 
language induces comprehension difficulties, for example 
when young learners have not yet fully developed verbal 
skills (Hostetter, 2011). Arzarello et al. (2009) suggest 
that gestures may help to bridge between different rep-
resentations as well as between worldly experiences and 
mathematical ones. According to Radford (2003), gestures 
are in this way a resource for supporting the making of 
connections from one representation to another.

There are different kinds of gestures to be used for 
different purposes (see, e.g., Alibali & Nathan, 2012; 
McNeill, 2005): pointing gestures, which serve to indi-
cate objects, for instance pointing with one’s index finger 
to a tower of blocks to draw attention to and ground the 
communication in the physical environment; representa-
tional gestures, depicting aspects of meaning either liter-
ally or metaphorically, such as making a circular move-
ment with one’s hand as if to group objects together; and 
beat gestures, which motorically and rhythmically align 
with speech, such as counting out loud and pointing at the 
counted objects in a one-to-one correspondence. In math-
ematics teaching, pointing gestures have been found to be 
used by teachers in order to ground verbal utterances in the 
physical environment (Alibali et al., 2014). Even though 
gestures are often used spontaneously in daily interaction 
between teacher and children, there are reasons to more 
closely investigate how gestures and representations fuel 
thoughts and knowledge development, for instance in 
teaching acts (McNeill, 2005).

In research on children’s mathematical learning, picture 
books are often used as a pedagogical tool to implement 
mathematical content in familiar and concrete contexts. 
The picture books are sometimes designed for mathemati-
cal learning purposes and are sometimes simply ordinary 
picture books. Regardless of the type of book, however, 
it cannot be taken for granted that mathematical meaning 
is mediated even if mathematics is highlighted in both its 
text and pictures. Also, picture books may contain multiple 
distractors, which may draw attention from the mathemat-
ics toward other issues (Ward et al., 2017). Consequently, 
the mathematical content that can be found in pictures and 
narratives do not afford meaning itself; it is rather how 
the mathematical content is framed that is important (Elia 
et al., 2010; Björklund & Palmér, 2020, 2022), why teaching 
actions are a significant aspect to pay attention to.
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The Study

The empirical material in this study originates from a longi-
tudinal intervention conducted in Swedish preschools. The 
intervention, carried out over the course of three semesters 
in close collaboration between three teachers working in 
three different preschools and two researchers, had the pri-
mary aim of designing and studying activities and teaching 
principles in order to facilitate young children’s learning of 
the basic meaning and use of numbers. Planning and evalu-
ating teaching activities were done in collaboration between 
teachers and researchers. The teaching was however con-
ducted by the teachers in their respective preschool settings. 
All three teachers have university degree (preschool teacher 
exam) and 10–20 years of teacher experience. Twenty-seven 
toddlers (1–3 years old) from the three preschools partici-
pated in the study, with their legal guardians’ informed con-
sent. These toddlers represent typical Swedish preschools, 
located in similar suburban areas and constituting a het-
erogeneous group of both multilingual and only Swedish 
speaking toddlers and a mix of socioeconomic status.

Theoretical Foundation for the Specially Designed 
Activity

Several activities and artefacts were developed in the col-
laboration, one of which is analyzed in this paper: reading 
sessions using specially designed pictures and narrative 
aiming to make it possible for the children to discern num-
bers with a special focus on cardinality and part-whole 
relations. In line with Ward et al. (2017), we wanted read-
ing material that did not contain distractions or attention to 
irrelevant features. To accomplish this, the authors of this 
article designed a narrative (text) and illustrations in the 
shape of a picture book called “Dutten bygger torn” (trans-
lated to English: “Dutten is building towers”). The material 
constitutes 14 pages with one picture and one text line on 
each page. The narrative centers around a single character 
“Dutten” who sits on a mat with building blocks that s/he 
makes different constructions (“towers”) of. The intention 
was to use the material as a pedagogical tool by presenting 
small quantities (1–3), based on the theoretical principles 
of the variation theory of learning (VT) (Marton, 2015).

VT conjectures that learning is a function of differentiat-
ing necessary aspects of an object of learning. Depending 
on what aspects a child discerns, this constitutes how they 
experience the phenomenon and thereby limits or liberates 
what they can do with it. Further, VT describes learning 
and teaching in commensurable terms, which means that 
learning outcomes are understood as related to what the 
teaching has enabled the child to discern; in this study, 
what the teachers’ actions and interaction with the child 

and the pedagogical material’s affordances enable the child 
to notice and act upon. Through carefully selected patterns 
of variation—contrast and generalization—teachers can 
make it possible for a child to discern certain aspects, in 
our case the cardinality of numbers and how numbers are 
compositions of smaller numbers in a part-whole relation. 
Contrasting the aspect of cardinality means that sets of 
similar objects varying in number are presented while as 
many non-numerical features as possible are kept invari-
ant. Thus, what varies (e.g., the number of objects in two 
otherwise identical sets) is what is noticed. Once the child 
has discerned differences in number between similar sets of 
objects, this can be generalized to comparing other kinds 
of objects (similar in number). In the study, we designed 
such patterns of variation embedded in the pictures, and 
developed principles for the teachers’ actions, gestures, and 
use of representations in order to emphasize the patterns of 
variation. The pages were designed to attract comparison 
between pages being shown at the same time. For example, 
in Fig. 1, the same quantity of items appears on the two 
opposite pages, but they are arranged differently and thereby 
offer contrast and generalization regarding the sets of blocks 
that are to be discerned simultaneously.

The principles of contrast and generalization were also 
embedded in the activity, with modes of representation 
(Lesh et al., 1987) like symbols and manipulatives elabo-
rated on together with the pictures. This is also in line with 
VT principles; that is, the teacher emphasizes contrasts and 
generalizations of quantities through the present modes of 
representation. For example, when manipulatives were used, 
there were always three blocks used that looked similar to 
those in the picture (red blocks equal in size and shape) but 
the number of blocks were varied and thereby drawing atten-
tion to similarities and differences in number.

Fig. 1  Translated to English, the text reads “Dutten builds a small 
tower” (left) and “Dutten wants to build higher” (right)
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Procedure

Based on theoretical and empirical groundings (see Björklund 
& Palmér, 2020, 2022), we presume that learning is made pos-
sible when the content appearing in the pictures is extended, 
represented, and explored in interaction between child, teacher, 
and mathematical content. Therefore, this study focuses on 
how certain content provided by the pictures is extended in the 
interaction; that is, extended in the sense of contrasts in order 
to present a conceptual meaning such as the cardinality or part-
whole relation of numbers, or in the sense of using multiple 
representations in order to generalize the meaning.

The activity was conducted by the three preschool teach-
ers several times to each child, both individually and in 
groups, during the three semesters. Some of the reading ses-
sions were video-recorded, to be used partly for evaluating 
the activity’s potential to facilitate learning in the iterative 
design-trial-evaluate-redesign process, and partly for research 
purposes such as the kind of micro-analyses reported here.

Analysis

Seventy-three video documentations of reading sessions (7 h 
13 min) comprise the analyzed data, with the two pages shown 
in Fig. 1 chosen as the object of analysis. The narrow selection 
of only one spread was made, in order to allow for a systematic 
analysis of teachers’ actions and interaction with the material’s 
affordances. Through qualitative analysis we identified what 
was made possible for the children to discern through afforded 
patterns of variation in pictures, gestures, props, and verbal and 
physical symbols (fingers) expressed by the teacher. To capture 
these communicative actions, the video documentations of the 
two selected pages were transcribed. Interpretations were made 
regarding what objects of learning emerged, based on the teach-
ers’ actions that foregrounded some aspects of numbers while 
other possible aspects were not attended to (in line with VT; see 
Marton, 2015). All 73 observations were analyzed in this way, 
ending up in three main objects of learning. These emerged 
in the analysis of what was foregrounded, which means that 
the same picture and manipulatives could be used for different 
objects of learning to come to the fore. In this way, we identi-
fied the enacted objects of learning and thereby found answers 
to the question of what learning opportunities were provided 
through the interactive reading. In some observations there are 
not only one but two objects of learning that emerge; in the 
analysis, these are separated into two observations.

Results

In the analysis, three main objects of learning emerged: iden-
tifying numbers, comparing numbers, and operating on num-
bers. In the following it will be illustrated how these objects of 

learning are explored in the activity, and how the teacher, using 
gestures, symbols, and props, extends what the pictures afford. 
The chosen examples are representative for the whole set of 
observations.

Identifying Numbers—Foregrounding a Composite 
Set of Objects

The most common object of learning that emerged was identi-
fying numbers. This means that the attention is drawn to a set 
of objects, with the teacher encouraging the child to enumer-
ate or see the objects as one coherent whole. The cardinal-
ity of numbers is foregrounded, and because of the invariant 
features of the number of blocks in the pictures, sets should 
be possible to accept as a group of items that belong together 
(constituting a coherent set). On the one hand there are chal-
lenges in discerning cardinality, particularly when sets are 
spatially separated; on the other, this separation may be used 
deliberately as a pattern of variation to call attention to the 
aspect of cardinality. How the teachers act in order to make 
it possible to experience the object of learning in a cardinal 
sense is described in the following three examples of settings. 
Identifying numbers is attended to in all these examples, but 
with the difference of the numbers referred to as being in a 
coherent whole, split sets, or separate sets.

Identifying Numbers in a Coherent Whole

Based on the narrative provided in the material, the teachers 
sometimes encourage the children to build a similar tower with 
blocks. In the example below, the teacher has first directed the 
child’s attention to the number of blocks needed by asking 
“how many” the character Dutten has used. She then returns 
to the number question by starting to count the blocks the child 
uses, and the child continues the counting sequence on her own.

Excerpt 1 Reading Talking Doing

Teacher “Look here, Dutten 
is building a higher 
tower. How many 
blocks has he used? 
Can you build one 
too?”

Esther Takes the blocks 
on the table, 
places two as a 
foundation and 
one on top

Teacher “One, two”
Esther “Three”
Teacher “Three yes” Shows finger pat-

tern for three and 
circles her hand 
over the blocks
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By using physical blocks that can be moved on the table 
and grouped together, attention is directed to the objects as 
one coherent set: They belong together. But how the blocks 
are to be labeled emerges in the way the teacher uses vari-
ous representations for the same phenomenon. The counting 
word “three” is connected to the group of blocks through the 
teacher’s circling gesture. The cardinality of “three” is sup-
ported by the finger pattern for three that the teacher shows.

In the next example, the child is encouraged to repro-
duce the tower in the picture using physical building blocks, 
which the teacher labels with same counting word while 
pointing at the picture’s blocks and the child’s blocks.

Excerpt 2 Reading Talking Doing

Teacher Page 2: “Dutten 
wants to build 
higher”

“He builds a 
tower with two”

Points at the 
picture’s block 
tower

Alma “Look” Removes one 
block from her 
tower of three 
blocks

Teacher “Now, Alma has 
also built a 
tower with two 
blocks”

By using different modes of representation as ways to 
connect a common meaning, the teacher generalizes the 
numbers. However, for the children to make sense of the 
shared meaning of finger patterns, blocks, and pointing 
movements, they need to already have some knowledge of 
numbers. This means that what the teacher is doing, using 
the material and representations in this way, is intended to 
confirm what the children already know (or whether they 
already know something), and mainly generalizes to broaden 
the repertoire of representations to the children.

Identifying Total Number of Split Sets

The pictures analyzed here present blocks in two sets, 
depicted in front of and partly behind the main character 
(see Fig. 1). This means that the objects are spread out and 
the children may not necessarily regard them as parts of one 
coherent set. However, this is sometimes made an object of 
learning in the activity, with the teacher emphasizing the 
blocks constituting one coherent set and disregarding their 
spatial distance.

Excerpt 3 Reading Talking Doing

Teacher “How many blocks 
does Dutten have 
here?”

Excerpt 3 Reading Talking Doing

Otilia “One, two” Points at the 
blocks in 
the picture 
(Page 2)

Teacher “There was another 
one behind him”

“One, two, three. 
Dutten has three 
blocks.”

Points at the 
picture on 
Page 2

Circles over 
all three 
blocks in 
the picture

The question of “how many” posed by the teacher does 
not specify which of the sets (or the sets together, for that 
matter) is/are referred to. The gesture of circular movement 
becomes an action to connect the spread-out blocks, thereby 
offering the child the opportunity to perceive them as one 
set. The pointing and circling gestures thereby become 
important ways of directing the children’s attention to see-
ing the sets as a composed unit.

Identifying Numbers of Separate Sets

In the observations, the most common way to identify num-
bers is to establish the quantity of two sets in a simultane-
ous act. It is not a comparison of the quantities in terms of 
exact numbers but rather a recognition of the numerosity 
that is perceived to be different. The variation within the 
same mode of representation is intended to emphasize the 
numerical meaning to the child, introducing the potentially 
new aspect of the cardinality of numbers to be discerned. 
The main act conducted by the teacher involves pointing to 
the sets while saying the respective counting words.

The identification of sets of different quantities is done 
within the same mode of representation, with particularly 
the objects to be perceived as units being similar but in dif-
ferent quantities.

Excerpt 4 Reading Talking Doing

Teacher “Here Dutten has 
built a tower 
with one block, 
and here Dut-
ten has built a 
tower with two 
blocks”

Points at both 
pictures when 
addressing the 
towers in front of 
Dutten

In this seemingly simple action, the teacher directs atten-
tion to the similar-looking red blocks on the two visible 
pages and particularly those in front of the character in 
the pictures. As the pictures are almost identical, the dif-
ferent number of blocks stands out and is further pointed 
out through the teacher’s pointing gesture. The difference 
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between the sets appears in the use of counting words, a 
different word for each set.

In general, the teachers also make connections between 
modes of representation, which requires that the children 
already have some understanding of the meaning that is gen-
eralized across representations. This can be seen, for exam-
ple in Excerpt 5, when numbers are identified in the picture 
and among the blocks on the table.

Excerpt 5 Reading Talking Doing

Teacher “Dutten wants 
to build 
higher” (Page 
2)

Nelly Builds a tower 
with two 
blocks

Teacher “Look: one, 
two”

“One, two. 
Two blocks.”

“And Ossian 
only has one”

“One block, 
just like 
Dutten has 
behind him”

Points at the 
tower with 
two blocks on 
Page 2

Points at Nelly’s 
tower of build-
ing blocks (see 
part 1 in the 
picture series 
below), shows 
finger patterns 
for two (part 2)

Turns to Ossian, 
who is sitting 
next to Nelly; 
points at 
Ossian’s block 
(part 3), then 
shows finger 
pattern for one 
(part 4)

Points at the 
single block 
in the picture 
(part 5)

In Excerpt 5, the teacher points at the blocks in the pic-
ture, expressing the quantity using a counting word, and then 
does the same with the two sets of blocks in front of the two 
children. She also uses finger patterns to support the simi-
larities and differences between the sets.

Comparing Numbers—Foregrounding the Relation 
Between Sets

The second kind of object of learning that was observed 
concerns comparing numbers; thus, the numerical relation 
between sets is foregrounded. Reasoning about differences 
and number values, such as more or less and whether a block 
should be added or removed in order to make the sets equally 
large, requires the child to identify sets as composed units. One 
way of experiencing the comparison of numbers emerges in 
the enacted teaching: identifying and comparing numbers of 
sets. There are fewer observations of comparing numbers than 
identifying numbers. One reason for this may be that compar-
ing numbers, as in making the relations between sets discern-
ible, implies advancing the knowledge of numbers’ meaning 
and possible use, which builds on the child already being able 
to identify numbers.

Identifying and Comparing Numbers of Sets

Making number relations discernable involves both an 
understanding that sets are composed of units, which 
makes them possible to compare, and the ability to deter-
mine how the sets are numerically related. Thus, the focus 
needs to be directed toward the numerical feature of the 
sets to be compared. To enable discernment of the relation 
the teacher makes use of representations that bridge and 
illustrate this relation, one of which being mapping using 
one’s fingers.
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Excerpt 6 Reading Talking Doing

Teacher “But what is 
Dutten doing 
now? How many 
blocks has Dut-
ten used to build 
his tower?”

Assra Builds a tower with 
three blocks

Teacher “How many blocks 
has Dutten used 
to build his 
tower?”

Circles the tower 
with two blocks on 
Page 2 (see part 1 
in the picture series 
below)

Assra “This many”
Teacher “Has Dutten built 

with that many? 
Are there equally 
many?”

“No, that one was 
left over”

“How many blocks 
has Dutten used 
to build his 
tower?”

Puts two blocks on 
the picture. Points at 
the single block left 
on the table, picks 
it up and holds it in 
her hand (part 2)

Assra Puts one block on 
each block in the 
picture on Page 2

Teacher “How many do 
you have there?”

Assra “Three”
“Yes!”

Takes all blocks in her 
hands, puts two on 
the right side of the 
book and one on the 
left side of the book 
(part 3)

Claps her hands
Teacher “Yes, how many 

are there?”
Touches the two 

blocks on the table
Assra “Onetwothree” Points above the two 

blocks on the right
Teacher “Two” Shows finger pattern 

for two
Assra “One”

“Mommy, daddy”
“Baby”

Points at the single 
block on the left

Points at the two 
blocks

Points at the single 
block

It appears to be challenging for the child to compare num-
bers of different representations, in this case comparing two 
blocks in the picture with three blocks on the table, even 
though the teacher circles the sets. To make the numerical 
relation visible, the teacher connects the units one-to-one, 
block-to-picture, and points out the extra block. The child 
seems to experience some relation, as she also separates the 
unit of three, mirroring the picture’s sets but labeling them 
in her own way.

This category differs from all the others found in the 
study, as it is the only one in which there are examples of 
teachers not using verbal counting words. In this case, com-
paring numbers is explored through perception (mapping 
one-to-one in order to experience similarities and differences 
in number) rather than through counting words that may not 
hold any numerical meaning for the child (for example in the 
above, in which the child labels the blocks “mommy, daddy, 
baby” while using counting words in the sense of a rhyme).

There is one observation that also refers to the comparing 
numbers object of learning, but differs in that the sets to be 
compared are parts within sets.

Excerpt 7 Reading Talking Doing

Teacher “Dutten builds 
a small tower” 
(Page 1)

“But Dutten has 
equally many 
blocks to build 
with. Here he 
has one in front 
of him.”

“And two behind 
him”

“There, he has 
two in front of 
him”

“And one behind 
him”

Points at the block 
in front of Dutten 
on Page 1, then 
circles the single 
block in the 
picture

Circles the two 
blocks in the 
picture

Circles the two 
blocks in the pic-
ture on Page 2

This observation is one of few in which the teacher acts 
on both pages simultaneously, here by directing attention to 
how the two sets are arranged differently, which appears both 
spatially and numerically. She uses counting words to label 
the parts within sets as well as circling gestures, thereby 
offering a comparison of what is similar and what is dif-
ferent between the sets. It becomes a challenge to discern 
this, because of the crossing connections that are pointed 
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out in regard to both how the numbers vary (contrasting 
one versus two blocks in each set) and their different spa-
tial arrangements that call for generalization (the set of two 
can be placed differently on the pictures but still remain the 
same in number). Nevertheless, comparing numbers in this 
way does bring to the fore cardinality and opportunities to 
explore number relations.

Operating on Numbers—Foregrounding 
the Part‑whole Relations Within a Set

Based on the narrative embedded in the material, the 
teachers often introduce operations on numbers. For exam-
ple, the number of blocks changes between pages, blocks 
are added, sets are spread out (the tower is falling) or, as in 
the target pages in this analysis, constituting parts can be 
considered one coherent set. In many cases adding, sepa-
rating, or subtracting can be done with concrete props with 
no further numerical reasoning but simply solving a prob-
lem: adding more blocks to make a higher tower without 
considering how many are added or how many the tower 
is made of. In the context of toddlers’ mathematics learn-
ing, operating on numbers is a rather advanced skill as it 
requires that the child already have a sense of numbers’ 
cardinality. What comes to the foreground when the object 
of learning is operating on numbers is experiencing num-
bers as part-whole relations. Within these observations 
we find a difference between adding parts and making 
numerical changes to sets.

Adding Parts

Adding parts is the most common way to work with operat-
ing on numbers, which may be because the narrative offers 
opportunities to handle the objects (both depicted and physi-
cal) as additions. It then becomes necessary to experience 
sets as being composed of smaller units and the notion that 
units can be composed to form a larger set. This requires 
attention to units and their relation to other units in a part-
part-whole relation, which the teachers do by using, in par-
ticular, gestures that demarcate units.

Excerpt 8 Reading Talking Doing

Teacher “Dutten wants to 
build higher” 
(Page 2)

“Then he has one 
more block, 
two blocks”

Circles around the 
tower with two 
blocks on Page 
2 and maps with 
finger pattern 
for two on the 
picture’s blocks

Gustav “On the same 
spot”

Excerpt 8 Reading Talking Doing

Teacher “Two blocks 
there and one 
block there”

“How many 
blocks are there 
together?”

Maps with finger 
pattern for two 
and one on the 
picture’s blocks 
on Page 2

Circles around 
all blocks in the 
picture

Gustav “One, two. One 
two there.”

Points at the two-
block tower, then 
the single block, 
and then the 
two-block tower 
again

Teacher “One” Points at the single 
block and then 
the two-block 
tower, slowly 
counting out 
loud

Gustav “Two, three”
Teacher “Three pieces, 

yes”
“Two there and 

one there. 
Three pieces.”

Circles around all 
three blocks in 
the picture

Points with two 
fingers and one 
finger, circles 
around all with 
her hand

Pointing at single units, circling composed units, and 
mapping fingers to blocks one-to-one are all gestures that 
direct attention to both parts and whole. When circling 
around the sets, it is demarcated that the blocks form one 
composed unit. The teacher partly emphasizes the number 
of this unit by pointing at and counting them one by one, but 
more specifically by connecting the counting to the meaning 
of a composed set when mapping a finger pattern to each set. 
The circling movement aims to direct attention to the coher-
ent set, to which the units are related in an additive way.

Excerpt 9 Reading Talking Doing

Teacher “Dutten has put 
blocks behind 
him”

Puts two blocks 
beside the book

Aina Takes one block in 
her hand

Teacher “How many 
blocks does 
Dutten have 
here?”

Points and circles 
around the single 
block in the pic-
ture on Page 1

Aina “One” Points at Page 
1 and puts her 
block on the 
picture’s block
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Excerpt 9 Reading Talking Doing

Teacher “How many does 
Dutten have 
here then?”

Points at the two 
blocks behind 
Dutten in the 
picture

Aina “That one and 
that one”

Takes one block 
at a time and 
puts them on the 
picture’s blocks

Teacher “Yes, Dutten 
has two blocks 
there” “And 
one there” 
“Together they 
make three 
blocks: one, 
two, three”

Shows finger 
pattern for two 
(see part 1 in the 
picture series 
below)

Points and shows 
finger pattern 
for one (part 2) 
with the other 
hand, holding the 
two hands close 
together (part 3)

Points at and 
counts the blocks

The teacher extends what the picture illustrates by set-
ting out physical blocks close to those in the picture. The 
blocks represent the set shown in the picture. This action 
seems to inspire the child to connect a single block, which 
she has labeled “one”, directly on the picture showing the 
single block, and then doing the same with the other two 
blocks on the table. The child and the teacher have now, 
together, created sets of two blocks and a single block. The 
teacher emphasizes the differing cardinality of the sets using 
counting words and finger patterns while pointing to the 
respective sets with different hands. This latter construct 
becomes an important key in the teaching, as it represents 
both sets at the same time and the teacher’s finger patterns 
can visually be moved close together (as the blocks are often 
used to add sets, resulting in a coherent set of items being 

close together). The operation of adding all sets is further 
extended through the enumeration of all the blocks.

Making Numerical Changes to Sets

In addition to adding parts, there are instances of other kinds 
of operations in which the changes made to a set are specifi-
cally emphasized. To direct attention to these changes, simi-
lar to the above, gestures, symbols, and props are used. The 
challenge, however, is to find ways to represent the change. 
In the observations, the teachers do this in their attempts to 
bring to the fore the relation between the parts and the coher-
ent set by pointing out contrasts between the sets.

Excerpt 10 Reading Talking Doing

Teacher “Dutten wants to 
build higher” 
(Page 2)

“He takes one of 
those blocks to 
make a tower”

“One, two”

Points at the tower 
behind Dutten 
on Page 1

Points at the tower 
with two blocks 
on Page 2

In Excerpt 10, the teacher extends the narrative that 
includes an operation of moving one part of a set to 
another set, thus subtracting from one and adding to 
another. Through the simultaneous comparison of the 
two pages (see Fig. 1), the contrast between the sets (one 
and two blocks) is highlighted and the new composi-
tions (two and one) can be seen at the same time. In this 
example the operation is presented only in the picture, 
but the simultaneity of the pictures makes it possible 
to perceive how the relations between the numbers are 
altered. In other cases, the teacher uses props to repre-
sent and illustrate an operation on numbers in which the 
changes to a set are in focus.
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Excerpt 11 Reading Talking Doing

Aina Builds a tower with 
three blocks

Teacher “Now there are three 
blocks”

“Now there are two 
blocks, just like 
Dutten’s: one, two”

Lifts off one block
Points at the blocks on 

the table and then at 
those on Page 2

The teacher picks up on the child’s tower building, then 
connects the number of blocks to the picture’s depicted two 
blocks and makes a concrete change to the child’s tower. 
The operation is to make the sets equal in number, which 
is brought into the foreground by first directing attention to 
the difference in number using the counting words “three” 
and “two”, and then making the change to the larger set and 
comparing the result by pointing and enumerating. The pic-
ture then serves as a reference point that keeps the intended 
number fixed while the operations are performed on the 
movable set of blocks.

Overview of Ways of Extending the Designed 
Material

The analysis in this study was done on the video docu-
mentations of reading two opposite pages in the picture 
material. The pages were designed to trigger comparisons 
between the pages visible at the same time. However, the 
teachers made such connections between the pages in only 
six observations, five of which are found to focus on com-
paring whether the sets on each page are equal in number.

As Table 1 shows, most of the time the teachers focus 
on helping the children identify numbers (46 observa-
tions); that is, recognizing the exact quantity of a set. On 
only eight occasions are the teachers observed directing 

attention to a comparison between sets, which induces a 
more advanced understanding of the cardinality of num-
bers for reasoning about differences or equality in number. 
Quite many (28) observations involve operating on num-
bers, mainly as the addition of units into a larger whole 
unit.

In most of the observations the teachers use gestures, 
such as pointing with their index finger at some object they 
wish to direct the child’s attention to, or circling around a 
group of objects with their index finger or hand. In only a 
few cases do they use gestures such as marking (demarcat-
ing) objects, for example lifting blocks one after another 
to indicate units, or mapping objects with their fingers in 
a one-to-one-correspondence. Gestures are usually com-
bined with counting words to direct attention to units.

Counting words are the most frequently used symbol 
for extending the content in the picture and narrative, but 
finger patterns are also quite frequent in the observations. 
Finger patterns entail raised fingers shown simultaneously 
to represent an exact number of objects (with a cardinal-
ity meaning). Fingers can also be used to keep track of 
counted units, but this was not observed being done delib-
erately in the current intervention.

The teachers added building blocks to the reading ses-
sions, thereby extending the pictures’ blocks with physi-
cal manipulative props. Blocks were frequently used in 
the observations. On four occasions there are no counting 
words connected to gestures or props; instead, the teach-
ers talk about “equally many” objects in two sets, thereby 
indirectly attending to the numerical feature. A reason 
for the absence of counting words as an extension of the 
reading in these observations may be that there were no 
counting words in the text, while blocks are visible in the 
pictures and gestures are common in any book reading 
situation.

Table 1  Overview of ways of extending the picture affordances related to enacted objects of learning. In one observation, several ways of 
extending content may appear

Gestures Symbols Props

Pointing Circling Demarcating Mapping Counting 
words

Finger 
patterns

Blocks

Identifying numbers (46 observations)
Identifying numbers in a coherent whole (19) 8 6 1 0 19 4 13
Identifying total number of split sets (5) 3 3 0 0 5 0 1
Identifying numbers of separate sets (22) 18 5 0 2 22 4 17
Comparing numbers (8 observations)
Identifying and comparing numbers of sets (8) 5 4 0 0 4 2 3
Operating on numbers (28 observations)
Adding parts (26) 17 17 0 4 26 8 21
Making numerical changes to sets (2) 2 0 0 0 2 0 1

53 35 1 6 78 18 56
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Discussion

The affordances in the pictures and narrative, and the exten-
sions of content in terms of symbols, gestures, and props, are 
at the center of attention in this inquiry. More specifically, 
we address what learning opportunities the material and the 
teachers’ actions when reading it may offer the participat-
ing children. While this means that conclusions regarding 
actual learning will not be drawn, the study contributes to 
our understanding of the potential impact of interaction with 
the material as a pedagogical tool.

The results indicate that the way teachers act in the activ-
ity, and how one and the same picture is (or opposite pictures 
are) handled, impact the object of learning that the children 
are afforded the opportunity to explore (see Marton, 2015). 
Three different objects of learning emerged: identifying 
numbers, comparing numbers, and operating on numbers. 
This has significant educational implications as it shows the 
importance of the teachers’ actions, as contrasts within and 
between pictures and other modes of representation rely on 
teacher actions in relation to characteristics and opportuni-
ties in the material used. Different actions by teachers imply 
different objects of learning to explore, even when the same 
pictures are discussed. This also contributes to our scien-
tific theoretical understanding of the importance of teach-
ers’ actions when for example reading picture books with a 
pedagogical purpose.

The representations used by the teachers in the reading 
sessions here are manipulatives (blocks), counting words, 
and finger patterns. One way to bridge between these repre-
sentations is to use gestures (Arzarello et al., 2009; Radford, 
2003). Different kinds of gestures are described in the lit-
erature (see, for example, Alibali & Nathan, 2012; McNeill, 
2005), and the teachers in this study are observed using 
all of them: pointing gestures serving to indicate objects; 
representational gestures, such as making a circular move-
ment with one’s hand to demarcate a group of objects; and 
beat gestures, such as counting out loud and pointing at the 
counted objects in a one-to-one-correspondence. The teach-
ers use gestures to draw attention to some object, whereas 
symbols are used to represent a certain meaning and props 
are used to represent particular objects or illustrate an occur-
rence. They use gestures such as pointing with their index 
finger, circling around a group of objects with one hand, 
marking objects by lifting props one after another to indi-
cate units, or mapping objects with their fingers in a one-to-
one-correspondence. These gestures are typically combined 
with counting words aiming to direct attention to units. This 
study thereby adds to previous knowledge of how to work 
on representations when teaching young children, by adding 
knowledge of how the use of gestures may further facilitate 
children’s learning of numbers. In line with previous studies, 

the gestures seem to have communicative power with these 
very young learners, who have not yet fully developed ver-
bal skills (Hostetter, 2011). Future studies could preferably 
focus on how mathematically meaningful gestures are used 
when using pictures and narratives with a pedagogical pur-
pose, both when aiming to make connections within and 
between representations but also in combination with other 
signs, for example gazes. Additionally, these studies could 
draw on embodiment in mathematics, of which gestures are 
considered a part (Robutti, 2014).

This study has several didactical implications for teach-
ers in preschool. One is to seize the opportunity to explore 
a picture’s content to its full potential. Another one is to 
consider the design of books and the possibility to make 
connections between opposite pictures. The small number 
of observations in our study showing teachers making such 
connections, along with the large number of observations 
in the identifying numbers category, indicates the need for 
reading instructions in order to enable a book to be read to 
its fullest pedagogical potential; not instructions in the sense 
of “do or say this”, however, but in the sense of possibilities 
when reading books whereby the teacher’s professionality 
can be further expanded. Such reading instructions could 
also include the possibility to use different representations 
(counting words, finger patterns, blocks of the same color) 
and explain how connections within and between modes of 
representation can be strengthened using various gestures.

In sum, the study reported here contributes knowledge 
of not only what is made possible to learn when a material 
designed to draw attention to numbers is used, but also of 
how this learning is facilitated by teachers through patterns 
of variation provided by gestures, symbols, and props.
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