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The use of student drawings to assess their experiences and beliefs about teaching
and learning of mathematics has become almost a regular research method —
especially when working with young students who may not express themselves well,
for example, in self-report questionnaires. These methods, nevertheless, need to be
improved regarding their objectivity and validity. By building on the existing research,
in this study, we focus on objectivity and validity issues in drawing-based methods.
We use a drawing-based instrument: Draw A Mathematics Classroom (DAMC) and
present 104 fourth-grade students to draw a picture of their regular mathematics
lessons. We especially aim to develop and validate a data coding manual with low-
inferent categories; that is, well-operationalizable categories that can be used with
high interrater-reliability like the presence of teachers, the arrangement of student
desks, and teacher-student interactions. The results reveal that almost half of the
participating students perceive their lessons as teacher-centered. The results also
confirm the reliability and validity of the methodological approach. For example,
in pictures where the teacher is depicted larger than the students, the teacher is
also depicted in the center, and students are pictured working alone. Classroom
observations support students’ perceptions, and all these show that the manual used
in this study is useful to getting insights into young students’ perceptions of their
mathematics classroom.

drawings, draw a mathematics classroom, mathematics lessons, primary students,
beliefs

1. Introduction

There are many factors that influence the learning gains of students in mathematics
classrooms in addition to students’ abilities. One of these factors—that is the focus of the present
study—is the students’ experiences and beliefs regarding the teaching and learning of
mathematics (e.g., Schoenfeld, 1989; Mapolelo, 2009; Sullivan, 2011) as students’ learning largely
depends on their interactions with the teacher over learning objectives (Ball and Forzani, 2011).
For example, whether doing mathematics is a singular versus group activity, or whether such
learning environments are dominated by teacher instructions versus students” explorations—
such activities and interactions shape learners’ experiences and their beliefs about mathematics.

Experiences and beliefs regarding the teaching and learning of mathematics are shaped early
in students’ careers. Therefore, it is important that research in this field addresses primary
grades. Although there are established methods to assess beliefs, “there is considerable scope for
the development of new methods and the wider use of established methods for qualitative
studies” (Fraser, 2014, p. 116). We endeavor to contribute to the methodological discussions by
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exploring and validating the research method of interpreting students’
drawings, as common methods and instruments used to investigate
and  beliefs—like
questionnaires—are less suitable for children who often struggle with

experiences interviews and  self-report
understanding interview questions or questionnaire items and are not
yet able to reflect upon their experiences and beliefs (cf. Rolka and
Halverscheid, 2011; Doring and Bortz, 2016). Additionally, interviews
are unlikely to be useful to conduct data from large samples (Doring
and Bortz, 2016) and self-report questionnaires suffer from validity
problems (Safrudiannur and Rott, 2020).

Our research goal is to better understand the method of analyzing
and interpreting primary students’ drawings in the context of their
experiences and beliefs regarding teaching and learning of
mathematics. Specifically, we use self-drawn pictures of primary
students (grade 4). Compared to more commonly used research
methods, the coding and interpretation of drawings still needs
methodological development. Therefore, in addition to the results of
our study regarding the students’ beliefs, we especially focus on
validating the methodological approach.

2. Theoretical background
2.1. Students’ experiences and beliefs

To date, certain student affect outcomes including students’
attitudes, feelings, or beliefs relating to mathematics, and their views
about mathematicians have been widely investigated (e.g., Picker and
Berry, 2000; Rock and Show, 2000; Dahlgren and Sumpter, 2010;
Aguilar et al., 2016; Hatisaru, 2020a). Yet, the research in this area
lacks information on the perceptions of students relating to their
mathematics teaching and learning experiences. Large-scale
assessments such as Trends in International Mathematics and Science
Study (TIMSS) and Program for International Student Assessment
(PISA) have identified important aspects of perceived school and
classroom experiences of both students and teachers. Some researchers
have used the TIMSS (e.g., O’'Dwyer et al., 2015) or PISA (e.g.,
Echazarra et al., 2016) data to examine perceived teaching and
learning practices in mathematics classrooms, and how particular
teaching practices are related to student performance. The findings
from these studies, however, are limited to responses obtained from
questionnaire items as they did not include observational and/or
interview data (Vieluf et al., 2012). Research shows that the statements
used in questionnaires are not necessarily understood by young
students in the way researchers mean (Bragg, 2007). More research
and especially alternative research methods are needed not only
exploring perceived mathematical experiences in the classroom but
also to fill some of gaps in the existing literature.

Doing research on students’ beliefs and experiences regarding
teaching and learning of mathematics is important, as such beliefs
may affect the learning of mathematics. For example, students who
mostly know routine exercises from their mathematics classes will
most likely stop working on non-routine problems after just a few
minutes and wait for the teacher to present them the “correct
procedure” (cf. Schoenfeld, 1992, p. 358f.). More generally, teacher-
centered approaches or lecture-style teaching, as well as emphasizing
the repetition of problems and correct use of procedures, can
negatively impact students’ attitudes (Hasni and Potvin, 2015), making
it difficult for students to remain engaged and be successful in STEM
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(science, technology, engineering, mathematics) subjects (Cooper and
Carter, 2016) including mathematics.

As mentioned earlier, there is an abundance of research on
students’ beliefs; however, most common methodologies rely on
(closed) questionnaires or interviews, which can lack validity and are
less suitable for primary students (see Section 1). Therefore, we utilize
drawings as the research tool and explore the validity and reliability
of using them to address beliefs. Additionally, as a research tool,
student drawings have been less used in the field of mathematics
education in Germany, and we were interested in providing additional
evidence with respect to students’ perceptions of the teaching and
learning of mathematics in their classroom. The results contain
valuable insights into the classroom mathematical practices in
Germany and beyond.

2.2. Learner- vs. teacher-centered learning
environments

Learning environments can be characterized regarding different
dimensions, one of which being learner- vs. teacher-centeredness,
ranging from very open project- and problem-based environments to
environments in which the teachers almost always step in and do the
work for the students (Hiebert and Stigler, 2004; Dole et al., 2016). The
discussion about such learning environments is similar to the debate
between psychologists Bruner and Ausubel who favored discovery
and receptive learning, respectively (e.g., Legge and Harari, 2000).

Per se, none of the two teaching styles is “better” or “more
effective” (by any definition of these terms) then the other. However,
research has shown that some teaching practices often associated with
learner-centered environments, are more favorable than others in
leading to desirable learning outcomes, for example having
mathematical communications, varying teaching approaches, and
involving non-routine problems (Anthony and Walshaw, 2009; Bobis
et al., 2011; National Council of Teachers of Mathematics [NCTM],
2014). On the one hand, compared to learner-centered environments,
teacher-centered environments often rely on direct knowledge
transfer, resulting in students to prefer surface instead of deep
approaches to learning (Trigwell et al., 1999). On the other hand,
student-centered learning can improve students” achievement (Parker
and Gerber, 2000; Hatisaru and Kucukturan, 2011; Baeten et al., 2013),
motivation (Baeten et al., 2013), and attitudes (Parker and Gerber,
2000; Erdemir, 2009). It is more often related to a constructivist
approach of teaching in which students are enabled to construct their
own information and the teacher’s role is that of a facilitator rather
than an instructor (Aktas, 2010). Learner centeredness can help
students to develop their inquiry and collaboration (Hatisaru, 2014)
and flexible understandings and lifelong learning skills (Hmelo-
Silver, 2004).

It is noteworthy that (1) In this article, we do not intend to
compare the effectiveness of different teaching approaches and
learning environments and will not measure learning outcomes. (2)
Some, or even most of the mentioned qualities associated with learner
centeredness do not directly result from the role of the teacher, but
from the use of tasks that foster cognitive activation, from student
collaboration, etc. However, empirical research has shown that such
qualities often are related to the role of the teacher. Thus, it is a
simplification to speak of teacher vs. learner centeredness, but a
reasonable one. Additionally, it is much easier to observe the role of
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the teacher than to assess the quality of tasks, group works, etc.—
especially for young children who cannot reflect upon such qualities.
Therefore, we aim to explore whether we can access students’
experiences and beliefs regarding such environments via their
drawings by focusing on the role of the teacher.

2.3. Drawing as a research tool

Young children start to draw from infancy and many of them
continue to draw because it is enjoyable, it produces beautiful
representations, and it allows them to express feelings, emotions, and
ideas that words alone cannot describe.

Drawing is independent of language-based methods and is
non-textual, hence as a research method, it can provide researchers
with an alternative and versatile way of knowing (Pehkonen et al.,
2016; Hatisaru, 2022). Researchers use drawing and/or multimodal
research methods (e.g., drawing; text; or verbal responses) to explore
participants’ understandings of different phenomena. Thus, drawing
has become an important tool for researchers interested in image-
based research methods. Literat (2013) argues that its lack of
dependence upon linguistic proficiency makes drawing particularly
suited for working with children, and others argue that it helps bridge
the gap between children and adults
Reventlow, 2019).

In this research, we are interested in exploring how school

(Sendergaard and

children experience mathematics classrooms and especially if
analyzing their drawings is a valid method to assess their experiences
and beliefs. We have drawn upon previous work in mathematics and
science education to help us to address the perceived experiences of
them on how mathematics is taught in their classrooms.

Drawings have been found to be valid indicators of classroom
experiences (Gulek, 1999) and have the potential to provide rich and
valid information (e.g., Laine et al., 2020). They allow school or
classroom environments to be documented from the perspective of
students, “the most assiduous observers of school and classroom life”
(Haney et al., 2004, p. 243). Drawings “can provide a valuable catalyst
to document, change, and improve what goes on in schools” (Haney
etal, 2004, p. 243). For some time, therefore, drawings have been used
to evaluate classroom teaching and learning in school subjects
including mathematics (e.g., Pehkonen et al., 2016).

For decades now, the “Draw A Mathematician Test” (DAMT)
(Picker and Berry, 2000)—which had been adopted from Chambers’s
(1983) “Draw A Scientist Test”—as well as variations of the test have
been widely used to elicit data from students about their perceptions
of mathematics (e.g., Rock and Show, 2000), mathematics and
mathematics education with a focus on motivation (e.g., Dahlgren and
Sumpter, 2010), mathematicians (e.g., Picker and Berry, 2000; Aguilar
et al., 2016; Hatisaru, 2020a), and mathematics teaching (e.g.,
Pehkonen et al., 2011; Hatisaru, 2020a).

In the following section, we present perceived experiences for
teaching and learning of mathematics found in student drawings.

2.4. Previous research regarding drawings

In one of the ground-breaking studies in this field, Picker and Berry
(2000) investigated the perceptions of mathematicians held by lower
secondary school students (12 to 13 years old) in the United States, the
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United Kingdom, Finland, Sweden, and Romania by using the DAMT,
and compared students’ images in these countries. With small cultural
differences, certain stereotypical images of mathematicians were found
to be common among students. Mathematicians quite often were
pictured as people having special powers, and sometimes as foolish
people. As also found in Rock and Show (2000), many students seemed
to believe that mathematicians do the same work as students do in their
own mathematics classes such as arithmetical computations, area and
perimeter, and measurement. Mathematicians and their work were
invisible for those students. According to Picker and Berry (2000),
school-related factors such as often experiencing direct teaching methods
through which students do not see the applications of mathematics
enough, is one of the sources of students’ images of mathematicians.

In another study in the United States, most students’ drawings of
mathematicians were shown in the classroom. Young respondents
(kindergarten—grade 8) named tools they were familiar with from
their own classrooms (e.g., paper, pencils, whiteboards, etc.) as tools
of mathematicians, second and third grade respondents mentioned
calculators, rulers, geometric shapes, while fourth grade and middle
school students expanded their responses to include computers,
calculators, and protractors (Rock and Show, 2000).

Pehkonen et al. (2011) used drawings to reveal young students’
(8-9years old) conceptions on mathematics and its teaching in
Finland. Among 153 student drawings, every second drawing
included indications to attitudes towards mathematics such as
mathematics is nice, easy, dull, or difficult. As opposed to findings in
Picker and Berry (2000), no negative views about the teacher were
found in student drawings. The depicted mathematics lessons
contained many activities. Two thirds of the participating students
pictured a classroom environment where students in the picture were
in action such as thinking, speaking, or discussing. Laine et al. (2013)
further analyzed these drawings to study the kind of emotional
atmosphere in a mathematics lesson that could be seen in students’
depictions. Mostly a positive emotional atmosphere was found in the
pictures. Pehkonen et al. (2016) were curious about what could
be found in the same drawings relating to mathematics teaching, and
they examined the drawings to find out the types of work experienced
in mathematics lessons through the eyes of students. The most
frequent work experienced in students’ pictures was found to
be ‘Independent work’ (students work individually for solving
problems at textbooks or given by the teacher) and ‘Work with the
teacher in charge’ (the teacher teaches the whole class, or all students
work on the same task). ‘Group work’ (students work with classmates
on a task) was less common. In this set of research studies, Pehkonen
and his colleagues found drawings as an efficient way of collecting
data to explore students’ experiences in mathematics lessons and
offered the drawing tasks to practitioners as a possible way to obtain
and evaluate information about students’ perceptions pertaining to
mathematical experiences.

In Spain, Remesal (2009) used drawings to explore how primary
school students (7 to 8 years old) perceived assessment practices in the
classroom, and how students’ conceptions might be shaped by their
actual classroom experiences. In a case study design, two practicing
teachers and their twelve students (six from each teacher’s class)
participated in the research. Data were collected through semi-
structured interviews with teachers and their students, classroom
observations, artefacts used in the assessment of mathematics
learning, and students’ drawings of mathematics classrooms. Remesal
(2009) reported that:
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The main common result of these cases is the identification of
young primary pupils’ capability of perceiving assessment
practices as ruled by distinctive norms and conventions in the
classroom among other classroom routines: ‘someone is to ask
and someone is to respond, ‘someone is to show the work and
someone is to mark the work; ‘grades are given and the parents
are informed. This awareness develops even though the teachers
themselves might not believe 8-year-olds are capable of such
insights (p. 47).

In her study investigating the image of mathematics held by a large
group of middle school students in Turkey through examining
students’ drawings, Hatisaru (2020a) found that students associated
mathematics narrowly with only numbers and arithmetic, and the
work of mathematicians with solving textbook questions or performing
calculations. Some of the students depicted great mathematicians in
the past (e.g., John Nash, Ali Qushji, or Pythagoras), and they thought
that the main activity of even those mathematicians is studying to solve
algebra, numbers, or geometry practice questions (Hatisaru, 2020a). A
further investigation into the same student drawings (Hatisaru, 2019)
revealed that in the drawings the most common mode of instruction
was highly teacher-directed. No evidence of group work or student-
oriented mode of instruction existed. A whiteboard and/or books were
the most observed teaching resources in classroom portrayals.
Technological tools appeared the least often in these drawings. An
important part of the teacher’s activity in the classroom were lecturing,
explaining, solving exercises, and disciplining. When present, students’
desks were in orderly rows. The interactions among students and
between the teacher and the students were limited.

Associating mathematics predominantly with calculations or
operations was also evident in another study implemented in Turkey.
In that study, Ucar et al. (2010) implemented interviews and used
drawings to investigate the beliefs about mathematics and
mathematicians of nineteen elementary school students (grades 6 to
8) attending a supplementary school, where students are instructed
out of their school times. Both student interview responses and
pictures revealed that students viewed mathematics as numbers,
formulas or computations, and believed that mathematicians could
be needed, for instance in the industry, for their computational skills.
To students, being good at mathematics meant finding a correct
answer to questions quickly. For several students, in mathematics
learning, finding a correct answer to a question was sufficient,
understanding the question was not that important.

In her research exploring drawings of learning in the classroom
depicted by a group of 6- to 7 year-old students in a primary school in
the United Kingdom, Lodge (2007) stated that when children draw,
they make decisions and choices about what to include or not in the
drawing. The main sources of their decisions might be affected by
cumulative cultural text, the current or past experiences, and
individual preferences. The author found that all these three sources
were seen in the students’ drawings analyzed. However, as the students’
drawings showed some disparity, she made a warn against the
assumption that we ‘know’ how a young child views their learning, or
that children in the same class share ‘a common view’ of learning.

Alktas (2010) analyzed drawings and semi-structured interviews
of 41 fourth-grade students from a Turkish school. In that study, the
vast majority of students depicted their teacher as an “instructor-
informant” inferring that most students see themselves as passive
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receivers. The author concludes that the intended change of the
Turkish curriculum towards more student-centered and constructivist
learning environments has not been successful at the time of
the study.

Kanyal and Cooper (2010) compared drawings, as well as
interviews, and photographs of 12 children from England and 15
children from India being asked about their “actual” and their “ideal”
school experience. Students liked being with their friends in school,
but wanted to spend more time outside in both countries.

In a 2year study, Streelasky (2017) observed 35 Canadian primary
students’ perceptions of their learning experiences. Several methods
were used, including interviews, group discussions, photographs, and
drawings. A major finding was the importance of the outdoors, that is
outside activities and a high value placed on peers as well as other
living things such as animals.

Together, the reviewed literature has shown that drawings of
students contain rich information on their thoughts about teaching
and learning of mathematics, and sometimes about what is happening
in the classroom. However, identifying students’ beliefs in their
drawings “is related to a large amount of subjectivity in interpretation
and will certainly not allow for an unambiguous classification” (Rolka
and Halverscheid, 2011, p. 522), which is why we are going to
thoroughly analyze this method.

2.5. Criticizing the analyses of students’
drawings

In many studies that analyze students’ drawings, this method is
either taken for granted—that is not reflected upon and questioned
regarding its validity—, and/or used in conjunction with other data—
most often interviews. Both could imply that the method has some
unexplored flaws or is not seen as a reliable and valid method that can
be used on its own. In this study, therefore, we want to explore whether
the analysis of drawings can be used on its own in a valid way. But first,
we shortly discuss possible flaws of interpreting students’ drawings.

Even though “[p]upils’ drawings seem to be a powerful method
to gather information from small children” (Pehkonen et al., 2016,
p- 167), gathering such information relies on interpretations of the
drawings. For example, Pehkonen et al. (2016) used the “[facial
expressions of] pupils’ and teacher’s faces in drawings [...] to
conclude how the pupil who did the drawing has experienced the
emotional atmosphere in class” (p. 172). They used two reviewers
who reexamined and discussed their classifications when they did not
agree (Pehkonen et al., 2016, p. 173). But still, those classifications
rely—amongst others—on the children’s abilities to depict facial
expressions in such a way that they can be interpreted validly and on
the reviewers interpretations. Especially the latter makes such a
coding high-inferent, that is depending on interpretations, but not on
operationalizations, or on countable or measurable objects.

Another example is the study of Rolka and Halverscheid (2011),
in which fifth graders’ drawings were coded for the mathematical
world views by Ernest (1989): the instrumentalist, the problem-
solving, and the Platonist view. Even though the authors report
interrater-reliability scores (Cohen’s kappa) between 0.21 and 0.58,
such codes still imply a lot of interpretation, especially keeping in
mind that fifth graders might not fully comprehend the philosophical
background of the world views.
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Finally, we discuss the study by Gulek (1999) in which “a rating
from 1 to 4 was assigned to each drawing for each of the two classroom
constructs/traits” (p. 44). These four ratings are 1: Highly, and 2:
Moderately teacher-directed mode of instruction, as well as 3:
Moderately, and 4: Highly student-centered mode of instruction. For
each of these ratings, Gulek developed indicators to help him decide
which rating to apply to a drawing. For example, in a highly teacher-
directed classroom, “only the teacher [is] depicted, students are not
present in the picture” or “if depicted, student desks are in rows”
(p. 124). Such indicators make it easier to code with sufficient interrater
agreement, yet, still, there is interpretation in some codes, for example
whether “teacher talk, if any, is lecturing or disciplining” (Gulek, 1999).
Also, decisions like whether a classroom is highly or moderately
teacher-directed depend on the fact whether students are depicted in
the drawing or not. However, it is easily imaginable to have a drawing
of a highly teacher-centered classroom in which students are depicted.

In the present study, we address the mentioned problem with
high-inferent codes that heavily rely on interpretations by suggesting
a coding manual with highly operationalized coding instructions,
resulting in a low-inferent coding.

3. Methodology
3.1. Participants

We collected data in four 4th-grade classes (coded as A-D to
assign students’ drawings to the classes; that is, Class A, Class B, etc.)
from two primary schools in central Germany. In total, 104 students
(9-10vyears old) participated in the study. The research was approved
by the ethics committee of the relevant university, and prior to
collecting data, the teachers, school principals, and parents in
participating schools gave written consent for the study. Data
collection took place in February and March of 2020. In Germany, first
contact restrictions because of the COVID-19 pandemic had been
introduced in mid-March—at this point, the restrictions were mostly
self-imposed with no “official lockdown” being implemented, yet. The
second author had already collected data in three of the four classes
(one in February, two in March) before restrictions were initiated. In
the fourth class, Class A, the drawings were collected by the teacher
shortly after restrictions had been implemented, because the
researcher was not allowed to enter the school anymore. At that time,
restrictions applied only to people outside of the school; there were no
restrictions regarding student interactions, group work, etc., yet.

The curriculum for 4th-grade students in the respective federal
state of Germany defines (i) process- and (ii) content-related
competencies. The process-related competencies are (i.1) problem
solving/being creative, (i.2) modeling, (i.3) reasoning, and (i.4)
representing/communicating; the contents, which should be taught,
are organized into (ii.1) numbers and operations, (ii.2) space and
form, (ii.3) size and measure, and (ii.4) data, frequencies, and
probabilities (MSW, 2008).

3.2. Methods

To assess our students’ experiences and beliefs, we used a variation
of the DAMT (Picker and Berry, 2000) (please see Appendix A) with
the following instruction: Draw your mathematics lessons with your
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teacher. The picture should show what you know about his or her work.
(German original: Male deinen Mathematikunterricht mit deiner
Lehrerin/deinem Lehrer. Das Bild soll zeigen, was du iiber sie und ihre
Arbeit weifst.)

We chose this instruction to draw the students’ attention to a usual
classroom environment. This way, we intended to get insight into the
environments that shape their experiences regarding mathematics lessons.

Students’ pictures were scanned and converted into a PDF file. The
first two authors then independently coded all pictures according to
the manual that is described below. Interrater agreement was good at
Cohen’s Kappa=0.88, cases of disagreement in coding individual
drawings have been discussed and then recoded consensually.

In addition to collecting the pictures, the second author (a) spoke
with the children about their drawings and (b) observed teaching
practices in the participating classes.

(a) The second author had 10% of the children explain their pictures
to check whether our interpretations of depicted persons and
objects were correct, which they were in all cases. She also asked
the children how they proceeded in drawing their pictures and
what was important to them. The children’s answers regarding
their classroom experiences were all in line with the
observations, confirming, for example, whether teaching was
mostly organized in teacher-student conversations or in small-
group work, or whether teachers focused on arithmetic
compared other topics like geometry or data and chances.

(b) For 12 weeks, the second author visited three of the four classes
(all but Class A) and took notes on teachers’ and students’
classroom routines. On the basis of these observations and
notes, the classroom environments were interpreted with
regard to the distinction between a teacher- or student-
centered environment. Of note, in one of the classes, guests
were not allowed because of restrictions in the course of the
COVID-19 pandemic.

3.3. Coding the pictures

Aiming to improve the existing coding schemes for students’
drawings from the literature (see Section 2.5), we developed a coding
scheme focusing on aspects that are operationalizable, for example
whether students are depicted or what mathematical content is
shown. The process of developing the categories of the manual can
be described as an application of Qualitative Content Analysis
(Mayring, 2000), using a deductive-inductive approach. Deductively,
we took inspiration from existing coding schemes (especially Gulelk,
1999 and Hatisaru, 2020b); inductively, we recorded every detail of
the drawings that seemed to be interesting but were not covered by
categories, yet.

The full coding manual is given in Appendix B, examples and
explanations are given in the section “Data Analysis and Results”
(Section 4).

4. Data analysis and results
To give readers an impression of our data, we start with describing

and showing typical students’ drawings (Section 4.1). We then
evaluate the coded pictures more thoroughly (Section 4.2), and finally
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FIGURE 1

Examples of students’ drawings with a board at the center and with (left, student Al) or without persons (right, student A5).

focus on analyzing the data with regard to validity and reliability
(Section 4.3). Please note, we aim at using well operationalized codes,
not holistic interpretations of the pictures. Therefore, we show several
pictures, focusing on observable details.

4.1. First impressions

Looking at the students’ pictures, we often see the board (i.e.,
blackboard, whiteboard, or smartboard) in the center, sometimes with
and sometimes without persons (see Figure 1).

There are pictures with students seated in rows as well as seated in
clusters (see Figure 2).

Most pictures show arithmetic tasks (see Figures 1, 2), but others
depict specific actions like “counting peas” (Figure 3, left). A few
papers do not show a single classroom situation but several in a “comic
strip”-like way (Figure 3, right).

4.2. Coding the pictures

In coding the pictures, we tried to get a better overview of what
is depicted in the students’ drawings, make them comparable, their
attributes countable, and get insight into the students’ experiences
and beliefs. We present our findings under the themes “teachers”
(Section 4.2.1), (Section 4.2.2),
(Section 4.2.3).

“students” and “classes”

4.2.1. Teachers

The first thing we did was looking at the teachers as they are most
often positioned prominently in the drawings. More specifically,
we (1) looked at the teacher’s size compared to their students’ sizes and
(2) at the teacher’s position within the pictures. Regarding analysis (1),
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taking into account that adults are taller than children, teachers can
be depicted as bigger (e.g., Figure 1, left), about the same size (e.g.,
Figure 2, left), or smaller than the students. When no teachers or
students are shown, “no comparison” is possible. Regarding analysis
(2), we divided the pictures equally into 9 areas (see Figure 4). When
a teacher was mostly shown in area 5 (could extend into other areas),
we coded “center”; we coded “left” or “right” for the areas 1, 4, and/or
7 or 3, 6, and/or 9, respectively (even though we allow for the upper
and lower corners, most “left” or “right” teachers are shown in areas 4
or 6, respectively); finally, we coded “upper or lower edge” for the areas
2 or 8. Results of this coding are shown in Table 1.

The relative size of the teachers (considering that teachers as
adults are larger than children) is most often bigger than the students’
size, twice as often as equal size; and the teachers are almost never
depicted smaller than the students. The teacher is often positioned in
the middle row (left, center, or right) of the picture (73.1%, or 88.4%
if you do not count pictures without teachers and comics). Both—
position and size—indicate that the teachers have a very important,
maybe even dominant role in the depicted classrooms as also inferred
by Picker and Berry (2000).

4.2.2. Students

Next, we examined the depicted students, more specifically (3) their
position in the classroom and (4) the arrangement of their desks.
Regarding analysis (3), we coded whether they were shown at their places
or somewhere else in the classroom (e.g., at the board or in the center of
the depicted room). Regarding analysis (4), the desks, we identified
whether none or only a single desk is drawn or if there are multiple desks,
whether they are depicted in rows or clustered for group work. Findings
were mostly in consistent with the literature (e.g., Dahlgren and Sumpter,
2010; Pehkonen et al., 2016; Hatisaru, 2019, 2020b).

In Table 2, we see that more than 40% of the pictures do not
include students, which is at least to some degree surprising, as the
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FIGURE 2
Examples of students’ drawings with students drawn and seated in rows (left, student B9) or written and seated in clusters (right, student A33).
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FIGURE 3
Examples of students’ drawings; students shown in an activity named “Erbsen zéhlen” which translates to “counting peas” (left, student D16) and a
“comic strip” (right, student A34).

pictures were drawn from students’ perspectives.' Most of the pictures ~ Only less than 9% of the pictures show arrangements of the desks that

with students show them at their places, ready to write and/or work.  are suited for group work; most pictures show students sitting alone at
their desks (like observed in, e.g., Pehkonen et al, 2016 and
Hatisaru, 2019).

1 The students were asked to “Draw your mathematics lessons with your In addition to the position of the students and their desks,

teacher,” drawing students was not required; however, it is hard to imagine a we decided to code some additional aspects in the drawings to give a

teacher working without students. complete picture of students” perceived experiences and beliefs. For
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FIGURE 4
Determining the position of drawn persons and objects (like the
teacher) by dividing the drawings equally into 9 areas (student A35).

example, we coded: (5) the students’ activities—working alone,
working in groups, or other (e.g., talking to the teacher, walking
through the classroom)—and (6) the conversation between the
teacher and students, giving particular attention to who is shown
speaking (“not applicable” is coded when there are neither teachers,
nor students depicted).

The data in Table 3 indicates that students are often shown at their
place or desk and working alone (about 60% in both cases if pictures
without students are not counted). This indicates that students do not
work often in groups but mostly alone which is supported by the
depicted activities as no group-based, open tasks are shown (see
below). This impression is supported by the arrangements of the
students’ desks (see Table 2). Also, there are only very few pictures in
which only students speak, and even fewer in which students speak
with other students.

We also (7) analyzed the mathematical tasks that are shown on the
black-, white-, or smartboards and (8) the representation modes
(according to Bruner, 1966) which are shown in the pictures
(distinguishing between the enactive, iconic, and symbolic modes as
well as combinations of those modes). The results are presented in
Table 4.

Being asked to draw a usual mathematics lesson, the majority of
the students depicted simple arithmetic in a symbolic form (i.e.,
formulas, equations) as the content of the lesson as also observed in
Hatisaru (2020b).

Finally, we recorded the (technological) tools drawn by the
students. Only 4 out of the 104 pictures show a computer in the
classroom, even though three of the four classrooms had a
computer in them, whilst only one of those computers had been
used during the time in which the classes were observed by the
second author. In one picture, an overhead projector was seen.
Four pictures show compass, ruler, and set square in a size that
fits the board; and another two pictures show a pointing stick for
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TABLE 1 Teachers' sizes and positions in the students’ drawings.

(1) Teacher size (2) Teacher's position

(compared to students)

Smaller 2 1.9% | Centre 19 18.3%
Same 23 22.1% | Left 25 24.0%
Bigger 45 43.3% | Right 32 30.8%
No comparison 34 32.7% | Upper or lower edge 10 9.6%

Comics 7 6.7%

No teacher 11 10.6%
Sum 104 100% | Sum 104 100%

TABLE 2 Students’ position in the classroom and the arrangement of
their desks.

(3) Students’ position (4) Students’ desks

At their place 38 36.5% Single 22 21.2%
Not at their place 17 16.4% Rows 24 23.1%
Both (multiple s.) 4 3.9% Clustered 9 8.7%
No students depicted 45 43.3% None 49 47.1%
Sum 104 100% Sum 104 100%

TABLE 3 Students’ activities and teacher—student conversation.

(5) Students’ activities

(6) Teacher—student
conversation

Working alone 35 33.7% | Only teacher 14 13.5%
Working in group 2 1.9% Only students 5 4.8%
Other 22 21.2% | Teacher and students 16 15.4%
No students 45 43.4% | No conversation 66 63.5%

Not applicable 3 2.9%
Sum 104 100% Sum 104 100%

TABLE 4 Mathematical activity and representation modes of relevant
activities.

(7) Mathematical tasks (on

(8) Representation

the board) mode
Simple arithmetic 82 78.8% Enactive (E) 4 3.8%
S.A. and lengths 2 1.9% Iconic (I) 1 1.0%
S.A. and geometry 3 2.9% Symbolic (S) 85 81.7%
Geometry 3 2.9% EIS 1 1.0%
None 10 9.6% IN 3 2.9%
Undecidable 4 3.8% None 10 9.6%
Sum 104 100% Sum 104 100%

the teacher, even though no classroom had such a stick. This
shows, sometimes students show preference to what to include
or not include in their pictures (Lodge, 2007). Regarding the
board, six pictures do not show any board, nine show a
smartboard (with a visible projector attached to it) and the other
89 pictures show a black- or whiteboard (without visible
technology attached).
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All codes presented are deliberately low-inferent, meaning that
they are well-operationalized and easy to code with high interrater
agreement. We are now going to interpret those codes with regard to
their validity, that is whether we can get meaningful information
regarding the students’ classroom experiences.

4.2.3. Classes

In the previous sections, the results give insights into the whole
group of 104 students and their experiences. In this section,
we sort the pictures by the students’ classes. Taking into account
previous research (see Section 2.3) and the considerations from the
previous sections, we make the following assumptions regarding
teacher- versus student-centered classroom experiences (see
Table 5).

As the four classes were of different sizes, in Tables 6, 7, only
relative numbers are given. In each row, the maximum value is
marked. The data suggests that especially Class B is regularly taught in
a teacher-centered way, whereas Class D is often taught in a student-
centered way.

4.3. Reliability and validity of the coding
regarding students’ classroom experiences

In this section, we further analyze the coded data to explore its
internal consistency, reliability, and validity with regard to the
students’ classroom experiences. To check the internal consistency
(comparable to measures like Cronbach’s alpha) and validity of the
codings, we look at selected subsamples of our data.

4.3.1. Individual pictures

Above, we listed the (technological) tools depicted in the students’
drawings. One of the most trustful ways to check the reliability of the
drawings (and, therefore, the drawing method) is to compare the drawn
tools to the real-world classrooms. For example, 9 pictures show a
smartboard (a digital whiteboard) and all of those pictures have been
drawn by students from class A, which is the only classroom of our
sample that actually contained a smartboard. The other tools also are in
line with the actual environments; thus, indicating reliable information
in the drawings (e.g., Gulek, 1999; Lodge, 2007; Remesal, 2009).

4.3.2. Teacher size

A majority of the teachers is depicted “bigger” than the students
(in relation to normal size differences between children and adults, see
above), which can be seen in Table 1. This could mean that teachers in
the drawn classrooms play a more important role than the students,
implying teacher-centered learning environments. To investigate this
hypothesis, we analyze this subgroup of pictures with “bigger”
teachers. To do so, we use the same codings as above to produce
another six analyses that refer to the analyses (1)-(6) presented in
Tables 1-3—now with an additional “b,” which stands for “bigger
(teacher),” in the numbering.

As seen in Table 8, analysis (1b) shows the relevant numbers
of drawings. In this subgroup of drawings, we see (2b) even more
teachers are depicted in the center of the picture (29.0% vs. 18.3%;
but about the same number in the middle row). Also (3b), more
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students are depicted at their place (53.3% vs. 36.5%) and (5b)
working alone in this subgroup (48.9% vs. 33.7%). There are (4b)
slightly larger percentages of single student’s desks and students’
desks in rows (60% vs. 44.3%; see Table 9) as well as (6b) only
teacher speaking (17.8% vs. 13.5%; see Table 10); however, the
latter should not easily be compared to the whole group as in the
subgroup, “not applicable” is impossible as there are no pictures
without persons. In summary, the data suggest that “bigger”
teachers are well related to teacher-centered routines. As this is
not a quantitative study, we refrain from arguing statistically at
this point. However, interested readers find the results of
chi-square tests that confirm these results in Tables 11-15 in
Appendix C.

4.3.3. Classes

We can validate the impressions from results regarding the
classes via a comparison with classroom observations. In addition
to the pictures, we have observation notes from the second author
who visited the classes for a period of several weeks. Her
impressions were:

o The teacher of Class B was originally trained to be a secondary,
not a primary teacher; and he was not trained to be a mathematics
teacher. He mostly used tasks from the official textbook and
sometimes handed out copied tasks from another textbook. The
chosen tasks were mostly closed with no room for interpretation
or discussion. He structured the lessons in very small steps and
gave solutions after every step; especially in reflection phases,
he made sure that all students got “the one, right answer.” Often,
he seemed to be uncertain about how to react to students’
questions. This way of teaching was interpreted as “teacher
centered” in this study.

o The teacher of Class C was also not trained to be a mathematics
teacher at primary schools, but as a special education teacher. She
was also adhered to the textbook and mostly followed the
textbook scripts, explanations, or examples in designing her
lessons. Her teaching style was interpreted to be teacher-centered,
but not as clearly as the style of teacher B as teacher C sometimes
encouraged cooperative forms of learning (especially when it was
recommended by the textbook script).

o The teacher of Class D used many action-oriented and
cooperative forms of learning. The rhythm of her lessons was
often the same: after a short introduction, the children would
work independently on open-ended problems and they
presented the results to each other with an open discussion
following the presentations. Teacher D never highlighted her
solution to be the right one; sometimes, there were so many
ideas, that the discussion had to be continued in the next
lesson. The students were encouraged to use research
notebooks to gather their observations. In our interpretation,
this teacher showed the most student-centered ways
of teaching.

The data fit well to the observations with Class B showing the

most maximum values in Table 6 and Class D showing the most
maximum values in Table 7.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1019299
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Rott et al.

5. Discussion and conclusion

Analyzing students’ drawings is an emerging research method
that enables insights into students’ experiences and beliefs that
other methods can hardly provide. For example, compared to
commonly used (self-report) questionnaires, drawings can be used
even with very young students and compared to classroom
observations or interviews, drawings are cost-effective as drawing-
based data can be collected from a large number of students.
Additionally, drawings suffer less from limitations like issues with
validity and social desirability that questionnaires are faced with (Di
Martino and Sabena, 2010; Safrudiannur and Rott, 2020). However,
the objectivity and validity of analyzing drawings still needs to
be thoroughly explored as sometimes findings are based on
assumptions and interpretations by the respective researchers. In
this study, we have addressed these methodological issues (See
Tables 11-15 in Appendix C).

The topic of our study is observable instructional arrangements
and teaching methods, namely teacher-centered vs. student-centered

TABLE 5 Attributes of the students’ drawings indicating rather teacher-
centered (left) or student-centered (right) learning environments.

Teacher-centered learning

Student-centered learning
environments are rather
associated with

environments are rather
associated with

Teacher bigger than students

No students depicted Students are depicted

Only one student depicted More than four students are depicted

Only a single student’s desk is depicted

Students’ desks are shown in rows

Students are working alone Students are working in groups

Only students are speaking

Only the teacher speaks

Teacher and students are speaking

10.3389/fpsyg.2023.1019299

teaching approaches. Whilst such “sight structures” (as termed by
Kunter and Voss, 2013) do not have the same power for explaining
student learning progress as others such as classroom management,
cognitive activation, or individual learning support (ie., “deep
structures,” Kunter and Voss, 2013), some instructional arrangements
are correlated with unfavorable learning approaches. They are,
therefore, important for empirical research. Previous studies have
shown that this especially occurs in teacher-centered environments
(Trigwell et al., 1999).

Methodologically, in this study, we asked students to draw their
typical classroom environments, as their “perceptions about the role
of their teachers and how they might contribute to their learning
begin to be formed once they start school” (Taylor et al., 2005, p. 728).
Specifically, we were interested in assessing learning environments
that shape students’ experiences regarding their usual mathematics
classes by making them tell—or rather show—us their perspectives
of their mathematics lessons. To do so, we used a variation of the
Draw A Scientist Test (DAST) (Chambers, 1983) and the Draw A
Mathematician Test (DAMT) (Picker and Berry, 2001): the Draw A
Mathematics Classroom Test (DAMC) (Hatisaru, 2020b) (see
Appendix A). Such an assessment can generate rich data (see also
Hatisaru, 2022); yet compared to interviews, data collected by using
DAMC or alike instruments from a large number of participants can
easily be generated and evaluated.
methods  (like
questionnaires), the interpretation of drawings—especially when

Compared to  quantitative using
focusing on students’ beliefs—can be subjective or high-inferent
(cf. Rolka and Halverscheid, 2011). We, therefore, developed a
low-inferent coding manual focusing on observable
characteristics of the drawings that are well-operationalizable and
can be used with high interrater agreement—with codes like
whether teachers or students are depicted, whether students’
desks are shown in rows or clustered, and so on. To address the
validity  of them

classroom observations.

our codings, we compared to

TABLE 6 Distribution of attributes that hint at teacher-centered learning environments.

Code/class Class A (n=45) Class B (n=20) Class C (n=20) Class D (n=19)
Teacher bigger than students 33.3% 45.0% 60.0% 47.4%
No students depicted 48.9% 50.0% 45.0% 26.3%
Only one student depicted 28.9% 25.0% 10.0% 21.1%
Only a single student’s desk is depicted 20.0% 35.0% 25.0% 5.3%
Students’ desks are shown in rows 4.4% 45.0% 35.0% 31.6%
Students are working alone 22.2% 30.0% 45.0% 52.6%
Only the teacher speaks 24.4% 5.0% 0.0% 10.5%

TABLE 7 Distribution of attributes that indicate student-centered learning environments.

Code/class Class A (n=45) Class B (n=20) Class C (n=20) Class D (n=19)
Students are working in groups 0.0% 0.0% 0.0% 10.5%
Students are depicted 51.1% 50.0% 55.0% 73.7%
More than four students are depicted 15.6% 15.0% 15.0% 10.5%
Only students are speaking 4.4% 5.0% 10.0% 0.0%
Teacher and students are speaking 15.6% 25.0% 5.0% 15.8%
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TABLE 8 Analysis of drawings depicting a teacher that is larger than the
students: teacher’s position.

(1b) Teacher size (2b) Teacher's position

(compared to students)

Centre 13 29.0%
Left 10 22.2%
Bigger 45 43.3% Right 13 29.0%
Upper or lower edge 4 8.9%
Comics 2 4.4%
Other 59 56.7 5 Other 3 6.7%
Sum 104 100% Sum 45 100%

TABLE 9 Analysis of drawings depicting a teacher that is larger than the
students: students’ positions and the positions of their desks.

(3b) Students’ position (4b) Students’ desks

At their place 24 53.3% Single 13 28.9%
Not at their place 9 20.0% Rows 14 31.1%
Both (multiple s.) 4 8.9% Clustered 5 11.1%
No students® 8 17.8% None 13 28.9%
Sum 45 100% Sum 45 100%

“In these cases, teacher size was compared to students” desks.

TABLE 10 Analysis of drawings depicting a teacher that is larger than the
students: students’ activities and teacher—student conversation.

(5b) Students’ activities (6b) Teacher—student

conversation

Working alone 22 48.9% Only teacher 8 17.8%

w. in group 0 0.0% Only students 3 6.7%

Other 15 33.3% Teacher and students 8 17.8%

No students 8 17.8% No conversation 26 57.8%
Not applicable 0

Sum 45 100% Sum 45 100%

The results of our study—analyzing 104 drawings of 4th grade
students—highlight the possibilities of the chosen research
method. That is, coding drawings with the manual presented in
Appendix B allows analyzing data from mid- to large-sized groups,
getting insights into individual experiences as well as experiences
of groups like classmates. Especially when combining the coding
of students, we see patterns that confirm the validity and reliability
of the methodological approach. For example, drawings with
teachers that are larger than the depicted students also show other
signs of teacher-centered learning environments; and with regard
to classes, we see patterns regarding learner- or teacher-
centeredness that matched with the observational notes taken in
those classes.

Whilst a sample of 104 collected drawings is relatively an ideal
sample size, it is worth noting that a limitation of this study is its
sample and sample size. It would be favorable to have a larger and
importantly more diverse sample (e.g., students of different grades
from different schools; or even students from different countries).
Researchers in this field are encouraged to further explore the
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possibilities of drawing tasks for assessing beliefs and experiences with
larger and diverse groups.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by University of Cologne. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

BR did most of the data analyses (including the development of
the coding manual, together with LB) and manuscript writing
(especially the Methodology, Results, and Discussion sections). LB
gathered the data and did most of the data analyses (including the
development of the coding manual, together with BR). VH helped
with writing the manuscript, especially the Theoretical Background
section. All authors contributed to the article and approved the
submitted version.

Funding

We acknowledge support for the Article Processing Charge from
the DFG (German Research Foundation, 491454339).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1019299/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1019299
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1019299/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1019299/full#supplementary-material

Rott et al.

References

Aguilar, M. S., Rosas, A., Zavaleta, J. G. M., and Romo-Vézquez, A. (2016). Exploring
high-achieving students’ images of mathematicians. Int. J. Sci. Math. Educ. 14, 527-548.
doi: 10.1007/s10763-014-9586-1

Aktas, B. C. (2010). Investigating primary school students’ perceptions regarding
“teacher” through their drawings. Int. J. Learning 17, 409-425.

Anthony, G., and Walshaw, M. (2009). Effective pedagogy in mathematics. Educational
series 19. Brussels: International academy of education; Geneva: International Bureau
of Education

Baeten, M., Dochy, E, and Struyven, K. (2013). The effects of different learning
environments on students’ motivation for learning and their achievement. Br. J. Educ.
Psychol. 83, 484-501. doi: 10.1111/j.2044-8279.2012.02076.x

Ball, D. L., and Forzani, E. M. (2011). Building a common ore for learning to teach and
connecting professional learning to practice. Am. Educ. Summer 2017, 17-39.

Bobis, J., Anderson, J., Martin, A., and Way, J. (2011). A model for mathematics
instruction to enhance student motivation and engagement. D. J. Brahier and W. R.
Speer (Eds.), Motivation and disposition: Pathways to learning, 73rd yearbook of the
National Council of teachers of mathematics (pp. 1-12). Reston, VA: NCTM

Bragg, L. (2007). Students’ conflicting attitudes towards games as a vehicle for learning
mathematics: a methodological dilemma. Math. Educ. Res. J. 19, 29-44. doi: 10.1007/
BF03217448

Bruner, J. (1966). Toward a theory of instruction. Cambridge, MA: Harvard
University Press.

Chambers, D. W. (1983). Stereotypic images of the scientist: the draw-a-scientist test.
Sci. Educ. 67, 255-265. doi: 10.1002/sce.3730670213

Cooper, T., and Carter, M. (2016). Large-scale professional development towards
emancipatory mathematics: the genesis of YuMi deadly maths. B. White, M. Chinnappan
and S. Trenholm (Eds.). Opening up mathematics education research (proceedings of
the 39th annual conference of the mathematics education research Group of Australasia)
(pp. 174-181). Adelaide: MERGA

Dahlgren, A., and Sumpter, L. (2010). Childrens’ conceptions about mathematics
and mathematics education. K. Kislenko (Ed.), Proceedings of the MAVI-16
conference June 26-29, 2010 (pp. 77-88). Tallinn, Estonia: Tallinn University of
Applied Sciences.

Di Martino, P, and Sabena, C. (2010). Teachers’ beliefs: the problem of inconsistency
with practice. M. Pinto and T. Kawasaki (Eds.). Proceedings of the 34th conference of
the International Group for the Psychology of mathematics education (2, pp. 313-320).
Belo Horizonte, Brazil: PME

Dole, S., Bloom, L., and Kowalske, K. (2016). Transforming pedagogy: changing
perspectives from teacher-centered to learner-centered. Interdisciplinary journal of
problem-based. Learning 10:238. doi: 10.7771/1541-5015.1538

Doéring, N., and Bortz, J. (2016). Forschungsmethoden und evaluation in den Sozial-
und Humanwissenschaften [research methods and evaluation in social and human
sciences]. Heidelberg, Germany: Springer

Echazarra, A., Salinas, D., Méndez, 1., Denis, V., and Rech, G. (2016). How teachers
teach and students learn: Successful strategies for school. OECD Education Working
Papers, No. 130. OECD Publishing, Paris

Erdemir, N. (2009). Determining students’ attitude towards physics through problem-
solving strategy. Asia-Pacific Forum on Science Learning and Teaching, 10.

Ernest, P. (1989). The knowledge, beliefs and attitudes of the mathematics teacher: a
model. J. Educ. Teach. 15, 13-33. doi: 10.1080/0260747890150102

Fraser, B. (2014). Classroom learning environments: historical and contemporary
perspectives. N. Lederman and S. Abell (Eds). Handbook of research on science education
II (pp. 104-119). USA: Routledge.

Gulek, C. (1999). Using multiple means of inquiry to gain insight into classrooms: A
multi-trait multi-method approach. Unpublished doctoral dissertation, Boston College,
Chestnut Hill, MA

Haney, W., Russel, M., and Bebell, D. (2004). Drawing on education: using drawings
to document schooling and support change. Harv. Educ. Rev. 74, 241-272. doi: 10.17763/
haer.74.3.w0817u84w7452011

Hasni, A., and Potvin, P. (2015). Student’s interest in science and technology and its
relationships with teaching methods, family context and self-efficacy. Int. J. Environ. Sci.
Educ. 10, 337-366.

Hatisaru, V. (2014). Probleme dayali 6grenmenin uygulandigi matematik
derslerinde 6grenci gelisiminin incelenmesi [investigating student growth in
problem-based learning treatment mathematics classes]. Gaziantep Univ. J. Soc. Sci.
14, 459-477.

Hatisaru, V. (2019). Putting the spotlight on mathematics classrooms. J. Novotna and
H. Moraova (Eds.), Proceedings of the international symposium elementary mathematics
teaching (pp. 182-192). Prague: SEMT.

Frontiers in Psychology

12

10.3389/fpsyg.2023.1019299

Hatisaru, V. (2020a). “[he] has impaired vision due to overworking”: students’ views
about mathematicians. C. Andra, D. Brunetto and F. Martignone (Eds.), Theorizing and
measuring affect in mathematics teaching and learning (pp. 89-100). Springer.

Hatisaru, V. (2020b). Exploring evidence of mathematical tasks and representations
in the drawings of middle school students. Int. Electr. J. Math. Educ. 15, 1-21. doi:
10.29333/iejme/8482

Hatisaru, V. (2022). The knowledge produced through student drawings. Front.
Psychol. 13:1042383. doi: 10.3389/fpsyg.2022.1042383

Hatisaru, V., and Kucukturan, A. G. (2011). Probleme dayal 6grenme yonteminin
endiistri meslek lisesi 9. sinif 6grencilerinin matematik dersi basarisina etkisi [the effect
of problem-based learning on mathematics achievement of 9th grade industrial
vocational high school students]. J. Contempor. Educ. 36, 29-38.

Hiebert, J., and Stigler, J. W. (2004). A world of difference. J. Staff. Dev. 25, 10-15.

Hmelo-Silver, C. E. (2004). Problem-based learning: what and how do students learn?
Educ. Psychol. Rev. 16, 235-266. doi: 10.1023/B:EDPR.0000034022.16470.3

Kanyal, M., and Cooper, L. (2010). Young children’s perceptions of their school
experience: a comparative study between England and India. Proc. Soc. Behav. Sci. 2,
3605-3613. doi: 10.1016/j.sbspro.2010.03.560

Kunter, M., and Voss, T. (2013). The model of instructional quality in COACTIV:
a multicriteria analysis. M. Kunteret al. (Eds.), Cognitive activation in the
mathematics classroom and professional competence of teachers (pp. 97-124). New
York: Springer

Laine, A., Ahtee, M., and Naveri, L. (2020). Impact of teachers’ actions on emotional
atmosphere in mathematics lessons in primary school. Int. . Sci. Math. Educ. 18,
163-181. doi: 10.1007/s10763-018-09948-x

Laine, A., Niveri, L., Ahtee, M., Hannula, M. S., and Pehkonen, E. (2013). Emotional
atmosphere in third graders’ mathematics classroom: an analysis of pupils’ drawings.
Nordic Stud. Math. Educ. 17, 101-116.

Legge, K., and Harari, P. (2000). Psychology and education. Oxford: Heinemann
Educational Publishers.

Literat, I. (2013). A pencil for your thoughts: participatory drawing as a visual research
method with children and youth. Int J Qual Methods 12, 84-98. doi:
10.1177/160940691301200143

Lodge, L. (2007). Regarding learning: Children’s drawings of learning in the classroom.
Learn. Environ. Res. 10, 145-156. doi: 10.1007/s10984-007-9027-y

Mapolelo, D. C. (2009). Students’ experiences with mathematics teaching and
learning: listening to unheard voices. Int. . Math. Educ. Sci. Technol. 40, 309-322. doi:
10.1080/00207390802642229

Mayring, P. (2000). Qualitative content analysis [28 paragraphs]. Forum Qualitative
Sozialforschung/Forum: Qualitative Social Research, 1, Available at: http://nbn-
resolving.de/urn:nbn:de:0114-fqs0002204

MSW (2008). Ministerium fiir Schule und Weiterbildung des Landes Nordrhein-
Westfalen. Lehrplan Mathematik fiir die Grundschulen des Landes Nordrhein-
Westfalen. Available at: https://www.schulentwicklung.nrw.de/lehrplaene/upload/klp_
gs/GS_LP_M.pdf

National Council of Teachers of Mathematics [NCTM] (2014). Principles to actions:
ensuring mathematical success for all. Reston, VA: National Council of Teachers
of Mathematics.

O’Dwyer, L., Wang, Y., and Shields, K. (2015). Teaching for conceptual understanding:
a cross-national comparison of the relationship between teachers’ instructional practices
and student achievement in mathematics. Large-Scale Assess. Educ. 3, 1-30. doi: 10.1186/
540536-014-0011-6

Parker, V., and Gerber, B. (2000). Effects of a science intervention program on middle-
grade student achievement and attitudes. Sch. Sci. Math. 100, 236-242. doi:
10.1111/j.1949-8594.2000.tb17263.x

Pehkonen, E., Ahtee, M., and Laine, A. (2016). Pupils’ drawings as a research tool
in mathematical problem-solving lessons. P. Felmer, E. Pehkonen and J. Kilpatrick
(Eds.), Posing and solving mathematical problems: Advances and new perspectives
(research in mathematics education) (pp. 167-188). Cham, Switzerland: Springer

Pehkonen, E., Ahtee, M., Tikkanen, P,, and Laine, A. (2011). Pupils’ conceptions on
mathematics lessons revealed via their drawings. B. Rosken and M. Casper (Eds.),
Current state of research on mathematical beliefs (pp. 182-191). Bochum, Germany:
University of Bochum.

Picker, S., and Berry, J. (2000). Investigating pupils’ images of mathematicians. Educ.
Stud. Math. 43, 65-94. doi: 10.1023/A:1017523230758

Picker, S., and Berry, J. (2001). Your students’ images of mathematicians and
mathematics. Math. Teach. Middle School 7, 202-208. doi: 10.5951/MTMS.7.4.0202

Remesal, A. (2009). Accessing primary pupils’ conceptions of daily classroom
assessment practices. D. M. MclInerney, G. T. L. Brown and G. A. D. Liem (Eds.),
Students perspectives on assessment: What students can tell us about assessment for
learning (pp. 25-51). Charlotte, NC: Information age publishing, Inc.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1019299
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s10763-014-9586-1
https://doi.org/10.1111/j.2044-8279.2012.02076.x
https://doi.org/10.1007/BF03217448
https://doi.org/10.1007/BF03217448
https://doi.org/10.1002/sce.3730670213
https://doi.org/10.7771/1541-5015.1538
https://doi.org/10.1080/0260747890150102
https://doi.org/10.17763/haer.74.3.w0817u84w7452011
https://doi.org/10.17763/haer.74.3.w0817u84w7452011
https://doi.org/10.29333/iejme/8482
https://doi.org/10.3389/fpsyg.2022.1042383
https://doi.org/10.1023/B:EDPR.0000034022.16470.f3
https://doi.org/10.1016/j.sbspro.2010.03.560
https://doi.org/10.1007/s10763-018-09948-x
https://doi.org/10.1177/160940691301200143
https://doi.org/10.1007/s10984-007-9027-y
https://doi.org/10.1080/00207390802642229
http://nbn-resolving.de/urn:nbn:de:0114-fqs0002204
http://nbn-resolving.de/urn:nbn:de:0114-fqs0002204
https://www.schulentwicklung.nrw.de/lehrplaene/upload/klp_gs/GS_LP_M.pdf
https://www.schulentwicklung.nrw.de/lehrplaene/upload/klp_gs/GS_LP_M.pdf
https://doi.org/10.1186/s40536-014-0011-6
https://doi.org/10.1186/s40536-014-0011-6
https://doi.org/10.1111/j.1949-8594.2000.tb17263.x
https://doi.org/10.1023/A:1017523230758
https://doi.org/10.5951/MTMS.7.4.0202

Rott et al.

Rock, D, and Show, J. M. (2000). Exploring children’s thinking about mathematicians
and their work. Teach. Child. Math. 6, 550-555. doi: 10.5951/TCM.6.9.0550

Rolka, K., and Halverscheid, S. (2011). Researching young students’ mathematical
world views. ZDM 43, 521-533. doi: 10.1007/s11858-011-0330-9

Safrudiannur, (2020). Measuring teachers’ beliefs quantitatively—Critizing the use of
Likert scale and offering a new approach (pp. 1-16). Springer.

Safrudiannur, , and Rott, B. (2020). Measuring teachers’ beliefs: a comparison of three
different approaches. Eurasia journal of mathematics, science and technology. Education
16. doi: 10.29333/ejmste/110058

Schoenfeld, A. H. (1989). Explorations of Students' mathematical beliefs and behavior.
J. Res. Math. Educ. 20, 338-355. doi: 10.2307/749440

Schoenfeld, A. H. (1992). Learning to think mathematically: problem solving,
metacognition, and sense-making in mathematics. D. A. Grouws and A. Douglas (Ed.),
Handbook for research on mathematics teaching and learning (pp. 334-370). New York:
MacMillan.

Sendergaard, E., and Reventlow, S. (2019). Drawing as a facilitating approach when
conducting  research  among  children. Int ] Qual Methods 18,
160940691882255-160940691882211. doi: 10.1177/1609406918822558

Frontiers in Psychology

13

10.3389/fpsyg.2023.1019299

Streelasky, J. (2017). Elementary students’ perceptions of their school
learning experiences: children’s connections with nature and indigenous
ways of knowing. Child. Youth Environ. 27, 47-66. doi: 10.1353/cye.20
17.0023

Sullivan, P. (2011). Teaching mathematics: Using research-informed strategies.
Camberwell, VIC: Australian Council for Educational Research.

Taylor, M., Hawera, N., and Young-Loveridge, J. (2005). Children’s views of their
teacher’s role in helping them learn mathematics. Proceedings of MERGA 28-2005 The
annual conference: Building connections: Research, theory and practice. RMIT,
Melbourne, Australia; 7-9 (pp. 728-734).

Trigwell, K., Prosser, M., and Waterhouse, F. (1999). Relations between teachers’
approaches to teaching and students’ approaches to learning. High. Educ. 37, 57-70. doi:
10.1023/A:1003548313194

Ucar, Z., Piskin, M., Akkas, E., and Tasci, D. (2010). Elementary students' beliefs
about mathematics, mathematics teachers and mathematicians. Educ. Sci. 35,
131-144.

Vieluf, S., Kaplan, D., Klieme, E., and Bayer, S. (2012). Teaching practices and
pedagogical innovation: Evidence from TALIS. Paris: OECD Publishing

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1019299
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.5951/TCM.6.9.0550
https://doi.org/10.1007/s11858-011-0330-9
https://doi.org/10.29333/ejmste/110058
https://doi.org/10.2307/749440
https://doi.org/10.1177/1609406918822558
https://doi.org/10.1353/cye.2017.0023
https://doi.org/10.1353/cye.2017.0023
https://doi.org/10.1023/A:1003548313194

	What do mathematics lessons look like? Analyses of primary students’ drawings
	1. Introduction
	2. Theoretical background
	2.1. Students’ experiences and beliefs
	2.2. Learner- vs. teacher-centered learning environments
	2.3. Drawing as a research tool
	2.4. Previous research regarding drawings
	2.5. Criticizing the analyses of students’ drawings

	3. Methodology
	3.1. Participants
	3.2. Methods
	3.3. Coding the pictures

	4. Data analysis and results
	4.1. First impressions
	4.2. Coding the pictures
	4.2.1. Teachers
	4.2.2. Students
	4.2.3. Classes
	4.3. Reliability and validity of the coding regarding students’ classroom experiences
	4.3.1. Individual pictures
	4.3.2. Teacher size
	4.3.3. Classes

	5. Discussion and conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

