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1Faculty of Education, Josip Juraj Strossmayer University of Osijek, Croatia
2Department of Mathematics, Josip Juraj Strossmayer University of Osijek, Croatia

Abstract. Didactic materials can be used to introduce abstract
mathematical concepts. Various studies found positive effects of
using manipulatives in mathematics teaching and learning. Teachers’
knowledge and attitudes towards manipulatives influence the profound
and helpful implementation of manipulatives in the didactic process.
There is a variety of ready-made and self-made manipulatives that can
be utilized in mathematics education. Following that perspective, we
questioned what role manipulatives play in Croatian primary education.
For that purpose, we conducted research with teachers on the use of
didactic materials in mathematics classroom teaching. Results showed
that teachers use all sorts of manipulatives. They acknowledged the
benefits of using manipulatives, and most of them claimed they used
manipulatives often in the didactic process. However, some answers
indicate there is a lack of knowledge about the characteristics of
manipulatives and the implementation of manipulatives in the didactic
process.

Keywords: didactic manipulatives, mathematics teacher, primary
mathematics education

1. Introduction

For decades, educators and theorists have researched how small children acquire
knowledge. Piaget’s theory of cognitive development stated that children in the
concrete operations phase (7–10 years of age) understand abstract mathematical
concepts through concrete models which make mathematical problems familiar
and perceptible. Bruner described three stages of representation that occur through
learning: enactive (concrete), iconic (representation), and symbolic (abstract)
stage (Johnson et al., 2021). Thus, children build abstract knowledge through
interaction with concrete, real-world objects and using manipulatives seems like
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an inevitable part of primary mathematics education. The first person who used
concrete objects for learning mathematics was Friedrich Froebel, who created ma-
noeuvrable objects – Froebel gifts. Many educators continued creating different
manipulatives to help students develop conceptual understanding, such as Montes-
sori, Cuisenaire, Dienes, etc.

Different studies explored the ways and benefits of using manipulatives in
mathematics education. Though using different representations, moving between
them and connecting manipulatives, images and abstract notions helps develop
mathematics understanding, teachers’ knowledge and attitudes had a major impact
on the positive effect of using manipulatives in practice. In the Croatian context,
the concretization principle is one of the key educational principles – hence in this
study, we explored Croatian primary school teachers’ use of didactic materials in
mathematics classroom teaching.

1.1. Manipulatives in mathematics education

Mathematical manipulatives are artefacts that students use to grasp mathemati-
cal concepts or processes and perform activities drawing on perceptual evidence
(Bartolini & Martignone, 2014). We can distinguish between concrete and vir-
tual manipulatives, historic-cultural and “artificial” manipulatives. The former are
tools created in the history of civilisation to solve mathematical or everyday prob-
lems, and the latter are tools designed for particular mathematics education aims.
Sometimes the difference between historic-cultural and artificial manipulatives is
vague. For example, the Slavonic abacus used as any other kind of abaci is a
historic-cultural manipulative from 1820, while Froebel gifts from around 1840
are artificial concrete manipulatives because they were designed purposely for
kindergarten activities and education (Bartolini & Martignone, 2014). Concrete
manipulatives are physical artefacts that provide intentionally designed sensory
information, and virtual manipulatives are digital artefacts that simulate physical
objects. Virtual manipulatives are usually in the form of applets or apps, and they
support visual representations, actions performed on them, and symbolic repre-
sentations to focus on mathematical concepts (Moyer-Packenham & Westenskow,
2013).

Manipulatives are not mathematical concepts, nor do they represent a concept
by themselves. There must be an interplay between the abstract notion and con-
crete manipulative, that is, we must have some idea about the mathematical notion
to properly relate it to the manipulative. Different physical actions with differ-
ent manipulatives engage different mental actions. Rote actions with a particular
manipulative, such as explaining the procedure step by step, repeating, and then
practising, need not develop meaningful structures about a concept because there
is no need for mental effort (McNeil & Jarvin, 2007). The role of the teacher is to
instruct students to purposefully use manipulative, aid them to reflect on its use and
develop meaningful representations of a concept (Bartolini & Martignone, 2014;
Puchner et al., 2008; Sarama & Clements, 2009; Uttal et al., 1997). The low or
high-level instructions refer to the level of teacher’s guidance in students’ inter-
action with manipulatives. Instructional guidance includes demonstration, hints,
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follow up questions, feedback, resolving problems, and others. Free interaction
with manipulatives makes students more curious and engaged, but low guidance
does not necessarily lead to learning because students do not spontaneously focus
on important features of manipulatives. Teacher support is a significant segment of
developing conceptual understanding (Carbonneau & Marley, 2015). Usingmanip-
ulatives in the classroom depends on the teacher’s attitude towards manipulatives;
pondering if their use is effective and finding it time-consuming had teachers using
them inappropriately (Golafshani, 2013).

Sarama and Clements (2009) differentiate three kinds of relationships with
knowledge, Sensory-Concrete, Abstract, or Integrated-Concrete. The former is
related to children being able to reason mathematically only in a concrete situation,
and the latter is related to the complex interaction between different (physical,
pictorial, abstract) representations of mathematical concepts. Uttal et al. (1997)
argued that using manipulatives falls under the dual-representation model, that is, a
manipulative is an object in its own right and it is a symbol representing some other
object. Students either understand the relationship with the other object or use
manipulatives as objects with particular interest. In the latter, students do double
work, they learn to use manipulatives separately from the intended outcome and
they learn the formal content related to the outcome. The fact that a manipulative,
as a particular object, can represent something else is not evident. Moyer (2001)
noted several ‘transpositions’ between manipulatives and mathematical concepts.
At first, the teacher interprets the manufacturers’ intention with the manipulative,
then organizes their instruction to impose the mathematical relationship on the
manipulative. This meaning is not transparent to students, and they must connect
their available knowledge with the suggested relationship.

1.2. Effectiveness of using manipulatives in mathematics education

Studies about using manipulatives in mathematics education yielded different, even
contrasting, results. Carbonneau et al. (2013) performed a meta-analysis on 55
studies that compared the instructions with concrete manipulatives and those using
only abstract notation. In general, instruction with manipulatives had a small to
moderate positive impact on learning mathematics. However, that effect depended
on different characteristics, such as instructional guidance, mathematical topic,
developmental age, and perceptual features of the manipulatives. For example, au-
thors found that using manipulatives was most effective in instruction with children
7–11 years of age, that a high level of guidance had a positive impact on retention,
and that perceptually rich manipulatives had a negative effect on problem-solving.
Moyer-Packenham and Westenskow (2013) performed a meta-analysis on 66 stud-
ies about using virtual manipulatives. They found a positive impact on teaching
with virtual manipulatives or a combination of virtual and concrete compared to
instruction with a textbook. Studies also showed positive effects of the concrete-
representational-abstract approach in special education (Bouck & Park, 2018).

Bartolini and Martignone (2014) highlighted their concerns about using ma-
nipulatives. They questioned what is the role of instruction in making connections
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between concrete and symbols, and what are the opportunities of implementing ma-
nipulatives at different educational levels as means of representation of concepts.
Moyer (2001) found that teachers used manipulatives with different pedagogical
and didactical purposes and they differentiated between formal instruction as ‘real’
and instruction with manipulatives as ‘fun math’. Teachers used manipulatives
separately from the main part of the lesson when covering the content, to motivate
students, reward or discipline them. The focus was on reinforcing the learning
of formal content rather than supporting and giving meaning to the content. In
another study, students in the same classroom had free access to manipulatives.
Moyer and Jones (2004) noted that students became selective and argumentative in
their choice of manipulatives and demonstrated different approaches in problem-
solving activities. Puchner et al. (2008) observed lessons performed by teachers
who participated in a professional development programme. In their study, teachers
also included manipulatives at the end of the lesson and as an activity for itself, in
particular, students had to interpret content using manipulatives after the content
was already covered formally. The authors argued that the issue were the peda-
gogical choices concerning teaching particular content, that is, how to teach (and
learn) content with a manipulative.

Thoughtful integration of manipulatives is a prerequisite to its positive effect on
learning outcomes. Laski et al. (2015) listed four principles of effective instruction
with manipulatives.

1) Using a manipulative over a long time allows building a deeper understanding
of its representation, that is, developing an Integrated-Concrete relationship
with knowledge. When children are familiar with the representation they can
use the manipulative purposefully without additional cognitive load. The more
experience children have with manipulatives, and as early as possible, the better
conceptual understanding will be developed later (McNeil & Jarvin, 2007).

2) Moving from transparent concrete representations towards more abstract repre-
sentations eases the transfer of knowledge. Carbonneau et al. (2013) found that
the effect of using manipulatives was small on the transfer learning outcome,
and Laski et al. (2015) argue that this “concreteness fading” can enlarge that
effect.

3) Avoiding perceptually rich manipulatives moves students away from playfully
engaging with manipulatives toward giving them a mathematical meaning. This
is also related to the dual-representation model and how students focus on the
manipulative as an object in its own right. Students do not easily convert an
external representation of manipulative into an internal one (Puchner et al.,
2008).

4) Explaining explicitly how a manipulative is related to the notion directs focus
to the mathematically relevant features of the manipulatives that would other-
wise be inconceivable. The transparency of the manipulative, that is, that the
manipulative is an appropriate and effective representation of a concept, shows
when students use it within the intended outcome. Understanding through ma-
nipulatives occurs when using them as a tool in problem-solving (Puchner et
al., 2008).
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Uttal et al. (1997) raised similar concerns about using manipulatives in math-
ematics education. A teacher must bear in mind that the inclusion of manipulatives
does not ease understanding or improve education per se, nor that the represen-
tation of the concept would be obvious to students. They must choose the most
appropriate manipulative and modify their instruction when using manipulatives to
make it effective. Moyer (2001) emphasised that both teachers’ knowledge about
using manipulatives and their attitudes about mathematics education influence how
they use manipulatives in their practice.

Moyer-Packenham and Westenskow (2013) listed five affordances of using
virtual manipulatives: the design constraints students to focus on relevant features
of virtual objects compared to the mathematical notion, students engage in ex-
ploration and developing creative strategies and solutions, virtual manipulatives
can simultaneously activate various representation (dynamic, pictorial, symbolic,
verbal, gestural), the virtual environment can make the use accurate and efficient
(time-consuming) compared to the static environment, there is motivation and
intrinsic engagement to learn.

2. Methodology

We administered an online questionnaire with primary school teachers. The ques-
tionnaire consisted of seven demographic questions and 15 questions of a different
type. Two questions were closed questions related to teachers’ practice, about
attending professional conferences in Q.1, and teaching advanced mathematics
groups in Q.2. There were two multiple-choice questions about different manip-
ulatives that teachers use; they chose among ready-made, self-made and virtual
manipulatives in Q.4 and common ready-made manipulatives in Q.5. One question
was an open question about self-made manipulatives – what manipulatives teach-
ers made themselves and the purpose of that manipulative. Four questions were
multiple-choice questions with an option to provide an additional answer about
sources of information on manipulatives in Q.7, advantages of using manipulatives
in mathematics education in Q.8 and disadvantages in Q.9, and motivation to use
manipulatives more often in mathematics education in Q.15. Six questions were
four-point Likert scale questions about the level of pupils’ satisfaction with using
manipulatives in Q.10, frequency of using manipulatives in mathematics education
in general in Q.3, particular domain in Q.11, a particular part of a lesson in Q.12,
a particular type of work in Q.13, and with different purposes in Q.14.

The questionnaire was produced as a Google form and shared with profes-
sional contacts in primary schools and alumni from the Faculty of Education in
Osijek. We collected 116 answers with three male participants and 94 participants
from the region Slavonija and Baranja. The answers were exported from Google
form to an Excel file, and data were further analysed using Statistica. Exploratory
and descriptive statistics were appropriate to analyse the majority of questions,
including cross-tabulation, diagrams, and frequencies. Questions Q.3 and Q.11–14
were clustered using a weighted pair-group average with Euclidean distance. The
distance between two clusters is then the average distance between all pairs of
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objects in different clusters where the size of the respective clusters is used as a
weight. Participants’ answers to questions Q.6–9 were appropriate for qualitative
interpretation concerning participants’ understanding of the use of manipulatives
in mathematics education.

3. Results

3.1. Declared frequency of using manipulatives

Participants in our study declared they use manipulatives in mathematics education,
and half of them use manipulatives often. They had different experiences regarding
years of practice, teaching mathematics groups and attending professional confer-
ences (Table 1). In particular, 50 % of participants with less than 10 years of
practice; 56,7 % of participants who had between 12 and 26 years of practice,
and 46,3 % of participants with more than 27 years of practice declared they use
manipulatives often. The frequency at first increases and then decreases with the
years of experience.

Table 1. Declared frequencies of using manipulatives in Q.3 compared to participants’
practice elicited in demographic data, and questions Q.1, Q.2 and Q.4

Frequency of using manipulatives
Rarely Sometimes Often Total

Years of practice
0–10 19 19 38
12–26 1 15 21 37
27–42 3 19 19 41
Mathematics group
No 1 26 20 47
Yes 3 27 39 69
Professional conferences
Never 1 1
Rarely 2 2 4
Sometimes 14 7 21
Often 4 36 50 90
Type of manipulatives
Ready-made 3 48 55 106
Self-made 3 35 44 82
Virtual 1 33 54 88
Total 4 53 59 116

The majority of participants lead mathematics groups and often participate in
professional conferences. In the former group, 56,5 % of participants, and in the
latter group, 55,5 % of participants declared they use manipulatives often. On the
other hand, 42,5 % of participants who do not lead the mathematics group stated
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they use manipulatives often, and 44,4 % of participants who participate in profes-
sional conferences often declared they use manipulatives sometimes or rarely. The
two criteria do not seem to be related to the frequency of using manipulatives.

Participants in our study declared they use differentmanipulatives, ready-made,
self-made, and virtual. The dominant source of information about manipulatives,
regardless of the type, were web resources (Figure 1). Participants chose peer-
supported sources more often than professional literature sources. In particular,
participants mainly relied on professional conferences and colleagues’ recommen-
dations. They found information across sources mainly about ready-made ma-
nipulatives, then self-made and virtual manipulatives. Professional literature was
an exceptional source of information about self-made manipulatives, as were web
sources about virtual manipulatives.

Web sources

Textbooks

Teacher guides

Professional literature

Professional conferences

Colleagues' reccomendation

0 10 20 30 40 50 60 70

■ Virtual ■ Self-made ■ Ready-made

Figure 1. Number of participants who use particular source of information for particular
type of manipulative.

Among ready-made manipulatives, the most common (N > 20) were models
of solids, tangram puzzles, abacus, model of solids with nets, and a balance scale.
We noted that some participants use self-made versions of the ready-made manipu-
latives. Some participants (10 ≤ N ≤ 20) selected Cuisenaire rods, Unifix cubes,
Geoboard from the ready-made manipulatives or mentioned various counters and
number lines as self-made manipulatives. Few participants (N ≤ 10) selected
Dienes blocks or Montessori manipulatives from the ready-made manipulatives or
mentioned they used dominos, multiplication table, bead string, models for deci-
mal values, and models of geometric figures as self-made manipulatives. Though
many participants selected they used virtual manipulatives, we noted few mentions
of Geogebra or copyrighted software for online learning and some mentions of
applications for creating quizzes. When listing the self-made manipulatives, 36
participants included various (confusing) resources (such as applications, games,
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posters, sheets) that are not manipulatives in the sense that they concretize abstract
mathematical notions (see Appendix A).

3.2. Purpose of using manipulatives

Almost all participants estimated that pupils’ satisfaction with using manipulatives
is high (N = 66 very high, N = 46 high, and N = 8 medium), and so did all partici-
pants who declared they used manipulatives often (Table 2). Regardless of declared
frequency and pupils’ satisfaction, the majority of participants acknowledged that
manipulatives “facilitate understanding of abstract content” by concretization and
“increase pupils’ motivation”. Only the participants who estimated high pupils’
satisfaction selected that manipulatives “develop pupils’ creativity and divergent
thinking”. Around half of the participants selected “developing pupils’ positive atti-
tude towards learning” and “improving pupils’ motor skills” as advantages of using
manipulatives. Over half of participants selected “manipulatives are expensive”
and “additional preparation is required” as disadvantages of using manipulatives.
Participants who estimated pupils’ satisfaction as lower selected “manipulatives
are expensive”. Participants who used manipulatives sometimes chose that “ac-
tivities with manipulatives last too long” and “additional education is required” as
disadvantages more often than participants who used manipulatives often.

Table 2. Declared frequencies of using manipulatives in Q.3 compared to participants’
choices on advantages and disadvantages of using manipulatives in Q.9 and Q.10.

Frequency of using manipulatives Rarely Sometimes Often
Estimated pupils’ satisfaction Lower Higher Lower Higher Higher Total
8. Selected advantages

Concretization 2 2 3 46 58 111
Motivation 1 2 5 40 52 100
Creativity 0 2 0 35 52 89
Attitude 0 1 2 29 34 66
Motor skills 1 1 1 24 29 56

9. Selected disadvantages
Expensiveness 2 1 5 26 40 74
Preparation 1 2 2 29 35 69
Time consuming 1 0 1 15 16 33
Education 0 0 1 13 12 26

Total 2 2 6 47 59 116

Participants declared they used manipulatives most often in curriculum do-
mains Shape and Space, Number and Measure, which is in line with the manipula-
tives participants listed. Closest to the declared frequency of using manipulatives
was the frequency of the purposes “demonstrating a new concept” or “pupils with
learning difficulties in their work”. Participants also declared to use manipulatives
(more than sometimes) in the main and the introduction part of the lesson, in group
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work and when demonstrating a new procedure. Participants declared they rarely
(less than sometimes) used manipulatives for the content in curriculum domains
Algebra and Function, and Data, Statistics and Probability, in individual work, and
with the purpose “pupils create new ideas and content” (see Table 3).

Table 3. Descriptive statistics in questions Q.3, Q.11-14 about frequency of using
manipulatives on the scale 0 – never, 1 – rarely, 2 – sometimes, 3 – often1.

Descriptive Statistics Mean Median Mode Freq. of
mode

Lower
Quartile

Upper
Quartile

Std.
Dev.

3. Frequency of using
manipulatives 2,47 3 3 59 2 3 0,57

11. Number 2,39 2 3 57 2 3 0,69

11. Algebra and
Function 1,75 2 2 58 1 2 0,94

11. Shape and Space 2,55 3 3 76 2 3 0,7

11. Measure 2,35 3 3 59 2 3 0,77

11. Data, Statistics
and Probability 1,57 2 2 50 1 2 0,93

12. Introduction part 2,09 2 2 44 2 3 0,85

12. Main part 2,28 2 2 60 2 3 0,66

12. Closing part 1,94 2 2 59 2 3 0,87

13. Frontal work 1,93 2 2 47 1 3 0,88

13. Pair work 1,99 2 2 53 1 3 0,81

13. Group work 2,12 2 2 54 2 3 0,76

13. Individual work 1,79 2 2 47 1 2 0,83

14. Demonstrating
Concept 2,35 2 3 55 2 3 0,71

14. Demonstrating
Procedure 2,07 2 2 64 2 3 0,74

14. Problem Solving 1,93 2 2 58 1 2 0,74

14. Exploring Content 1,99 2 2 65 2 2 0,74

14. Creating Content 1,69 2 2 49 1 2 0,88

14. Pupils with
Learning Difficulties 2,32 2,5 3 58 2 3 0,82

Questions about using manipulatives in the practice were clustered into three
groups. The first group can be described as collaborative explorative activities,
the second as frontal demonstration activities and the third as individual creative

1The questions were: Q.3 How often do you use manipulatives in mathematics education? Q.11.
How often do you use manipulatives in mathematics education with respect to curriculum domains?
Q.12. How often do you use manipulatives in mathematics education with respect to parts of a
lesson? Q.13. How often do you use manipulatives in mathematics education with respect to types
of work? Q.14. How often do you use manipulatives in mathematics education with respect to its
purpose?
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activities (Figure 2). The question about the purpose “Pupils with learning diffi-
culties use manipulatives in their work” was clustered with the second group of
questions. Comparing declared frequencies across the questions, participants used
manipulatives often as frontal demonstration activities and for assisting pupils with
learning difficulties; and rarely as individual creative activities.

Tree Diagram for 13 Variables

Weighted pair-group average

Euclidean distances

12. Introduction part

13. Pair work

13. Group work

14. Problem Solving

14. Exploring Content

12. Main part

14. Demonstrating Concept

14. Demonstrating Procedure

14. Pupils with Learning Difficulties

13.Frontal work

12. Closing part

13. Individual work

14. Creating Content

7 8 9 11 12 1310

Linkage Distance

Figure 2. Clusters in questions about using manipulatives in mathematics education.

We examined participants’ answers in open questions about the purpose of the
self-made manipulatives they have created and used (N = 66). The participants
had a different focus, in particular

— 36 participants wrote about different aspects of a mathematics lesson, that is,
introducing, demonstrating, practising;

— 29 participants wrote explicitly about concretization by using manipulatives;
— 14 participants wrote about raising pupils’ interest and motivation;
— 5 participants wrote about serving gifted pupils or pupils with learning difficul-

ties.

In particular, among participants who wrote about concretization, nine listed
other confusing resources; 22 participants who focused on the lesson listed con-
fusing resources; almost all (N = 12) participants who wrote about raising interest
listed various games.

Using the classification given above for 66 participants, we retrospectively
examined their other declared characteristics (Table 4). Experienced teachers fo-
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cused on the lesson and listed confusing resources, while novice teachers focused
on the concretization purpose of manipulatives and had fewer mentions of con-
fusing resources. Majority of participants who used manipulatives and attended
professional conferences often were focused on the lesson and listed confusing
resources.

Table 4. Classification from open questions compared to participants’ practice elicited in
demographic data, and questions Q.1 and Q.3.

Lesson
focus

Concret-
isation

Interest
focus

Special
education

Confusing
resources Total

Years of
practice

0–10 7 12 2 3 5 18
12–26 12 7 6 1 11 20

27–42 17 10 6 1 20 28

Freq. of
attending prof.
conferences

Rarely 1 1

Sometimes 8 4 3 2 5 13

Often 28 25 11 3 30 52

Freq. of using
manipulatives

Rarely 1 1 2 2
Sometimes 13 13 4 1 11 26

Often 23 15 9 4 23 38

Total 36 29 14 5 36 66

Participant 1. had six years of practice, attended professional conferences
often and led a mathematics group. She sometimes used manipulatives and used
all types of them. She listed appropriate self-made manipulatives (finger tracing
on sand, sticks and figures for numbers, Lego cubes for arithmetic, money) and de-
scribed their purpose across domains (relationship between numbers, recognizing
geometric shape, estimating and measuring and applying computations).

Participant 2. had three years of practice, attended professional conferences
sometimes and led a mathematics group. She often used manipulatives and used
all types of them. She listed appropriate self-made manipulatives (egg cartons
for decimal units, cardboard rods for numbers up to 20, a bundle of 10 sticks as
ten, models of geometric figures and solids) and described their purpose as “visual
representation of mathematical problems and problem-solving”.

Participant 3. had 21 years of practice, attended professional conferences often
and led a mathematics group. She often used manipulatives and used self-made
and virtual manipulatives. She listed all sorts of resources, including appropriate
self-made manipulatives (dominos, plastic corks, cubes) and confusing resources
(puzzles, games, sheets, virtual games and quizzes). As a purpose of manipulatives,
she wrote “I use games in teaching mostly for motivation, repetition and practice
of covered content and automatization of calculation.”

Participant 4. had 22 years of practice, attended professional conferences often
and led a mathematics group. She often used manipulatives and used self-made
and virtual manipulatives. She mainly listed confusing resources (games, puzzles,
board games) and a couple of resources that could be used as counters (plastic
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corks and cubes). As a purpose of manipulatives, she wrote “I often use games in
mathematics in introduction and closing part of the lesson. Sometimes I prepare
thematic challenges and escape rooms.”

4. Discussion

Teachers participating in our study declared they use manipulatives often with stu-
dents at the age particularly sensible to instruction with manipulatives. However,
some findings suggest that they did not effectively use manipulatives in mathe-
matics teaching and learning. First, they mainly used manipulatives as a tool to
demonstrate a new concept in the introductory part of the lesson. In this way, the
relationship between concept and manipulative can be made transparent to students
but does not support or facilitate their understanding of the concept. The latter
comes from the prolonged and coherent use of manipulatives by connecting repre-
sentations. Second, participants in our study rarely used manipulatives to support
students’ own creative and problem-solving work. Similar to participants in other
studies, they related using manipulatives with motivating and entertaining students
in the lesson. Hence, students do not have an opportunity to use manipulatives
purposefully, focusing on the appropriate feature of the manipulative relevant for a
given context.

The major issue that emerged from this study is what primary school teach-
ers in Croatia regard as manipulative. Only a few participating teachers selected
manipulatives that are affirmed concretization of particular mathematical concepts,
such as Dienes blocks, Cuisenaire rods, Geoboard, or listed self-made manipula-
tives that represent mathematical concepts, such as bead string, egg cartons. They
also listed various resources that are not manipulatives intended to represent math-
ematical concepts but means and tools to modify the pedagogical organization
of a lesson. An important aspect of effective use of manipulatives is “concrete-
ness fading” – moving between representations to facilitate the transition from the
symbolic-concrete to integrated-concrete knowledge, and to abstract knowledge.
Artefacts that participants selected or mentioned in our study do not support such
development.

The results suggest several constraints on using manipulatives in primary math-
ematics education in Croatia. Participants in our study noted that manipulatives are
expensive, hence they might not have any manipulatives at their disposal let alone
that each student has a set of manipulatives for individual work. Additionally, they
recognized that using manipulatives in mathematics education requires additional
preparation and is time-consuming. Participants are aware of the benefits of using
manipulatives and the importance of proper instruction when using manipulatives.
Many teachers in our study underlined their focus on the lesson structure. The
demanding organization and implementation might disrupt their usual lesson struc-
ture; hence they choose to include manipulatives in the least challenging way. For
example, the most frequently chosen manipulative were models of solids. Note that
composing and decomposing, and comparing and transforming figures and solids is
beyond the curriculum requirements, so the teachers require only one set of models
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which they can show and share around the class to facilitate recognition. Another
example of frequently chosen manipulative were tangrams. They are a valuable
model for figure recognition, transformations, and exploration of the relationship
between perimeter and area. Following participants’ other answers, they might
utilize them only as puzzles to entertain students.

Around a quarter of participants in our study acknowledged a need for ad-
ditional education about using manipulatives. Participating teachers often attend
professional conferences, but the results of our study suggest that professional con-
ferences and literature do not provide quality support for using manipulatives in
mathematics education. Teachers rely on web sources and peer support to obtain
information about manipulatives. Several issues about primary mathematics edu-
cation in Croatia arise following the results of our study. The mathematics lessons
appear teacher-centred, and the concepts are frontally exposed. Mathematical no-
tions, properties and procedures are seldom represented with manipulatives, and
the focus is on covering prescribed content and exercising in the abstract environ-
ment. Teachers tend to occupy and maintain students’ attention with content-light
technology and games instead of contextual and engaging problems.

5. Conclusion

Studies in mathematics education suggest that using manipulatives is effective as
it increases students’ conceptual knowledge and is beneficial as it creates a posi-
tive attitude towards learning mathematics. Understanding through manipulatives
happens when students are motivated and challenged to use manipulatives as tools
to solve mathematical problems and create new ideas rather than enacting already
taught concepts and procedures. However, studies suggest that the effectiveness
of using manipulatives depends on teachers’ practice. The results of our study
align with previous research. Puchner et al. (2008) argued using manipulatives
should be carefully and meticulously included in teachers’ training and professional
development.

We noted that participants showed a positive attitude towards using manipu-
latives, but their knowledge about what are manipulatives and when and how to
use them, seemed incomplete. We suggest developing a peer-supported network
to share the experience of purposeful use of manipulatives in different settings.
Educators should invest in professional conferences and literature as sources for
disseminating knowledge about manipulatives and aim-oriented activities with ma-
nipulatives. A practice-oriented education about (cheap) self-made manipulatives
could compensate for the expensiveness and inaccessibility of manipulatives in
primary schools in Croatia. The manipulatives alone are not a solution to edu-
cational issues, but training pre-service and in-service teachers for effective use
of manipulatives includes a shift in the practice toward student-centred lessons,
problem-solving activities and relational knowledge of mathematical concepts.
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Appendix A

List of manipulatives with corresponding number of participants using them

MANIPULATIVES IN NUMBER DOMAIN
Ready-made manipulatives
Abacus (N = 51)
Balance scale (N = 24)
Cuisenaire rods (N = 15)
Unifix cubes (N = 12)
Dienes blocks (N = 6)
Bead stairs – Montessori (N = 4)
Number cards – Montessori (N = 3)
Multiplication and Division board
– Montessori (N = 2)
Numerical rods – Montessori (N = 1)
Self-made manipulatives
Counters (corks, sticks, beads, cards, cubes)
(N = 16)
Number line (N = 15)
Dominos (N = 5)
Multiplication table (N = 5)
Bead string (N = 4)
Decimal values models (egg carton, bundle of
sticks) (N = 4)
Finger tracing of numerals (N = 2)
Cards with values and numbers (N = 1)
Others: cardboard number rods, table of decimal
values, Lego cubes, sandpaper numbers
MANIPULATIVES IN SHAPE AND SPACE
DOMAIN
Ready-made manipulatives
Models of solids (N = 111)
Tangram puzzle (N = 70)
Models of solids with net (N = 30)
Geoboard (N = 16)
Self-made manipulatives
Geometric figures (N = 9)
Solids from kinetic sand or sticks (N = 1)

OTHER MANIPULATIVES
Virtual manipulatives
Geogebra (N = 2)
Matific (N = 2)
Other manipulatives
A virtual material (N = 5)
Everyday objects (wool, string, figures)
(N = 4)
Paper money (N = 3)
Dice (N = 3)
Hula hoop for multiplication (N = 2)
Images (N = 2)
Diagrams (N = 2)
Meter (N = 2)
Other: cube with unit volume, cards
with notions, materials for sequencing,
materials for grouping, tables
Artefacts and resources
Games (N = 14)
Puzzles (N = 9)
Cards with tasks (N = 7)
Tombola (N = 7)
Memory (N = 6)
Playing cards (N = 5)
Posters (N = 5)
Bingo (N = 4)
Sudoku (N = 3)
Kahoot quizzes (N = 3)
Wordwall quizzes (N = 2)
Powerpoint presentations (N = 2)
Exercise sheets (N = 2)
Other: music wands, postcard, body,
Pseudodabar, crosswords, objects for
measurement
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