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Abstract 

The paper describes the results of an inquiry conducted on preschool and primary 
pre-service teachers in Slovakia. Pre-service teachers were given a test with a task to choose 
the odd one out of four planar figures and explain their choice. The paper focuses on one 
item with four geometric shapes: parallelogram, isosceles trapezoid, convex octagon, and 
concave octagon. All these figures have a line of symmetry but a parallelogram. The study 
investigated whether pre-service teachers could discriminate one non-symmetrical 
figure from axially symmetrical figures. Surprisingly, the findings revealed unexpected 
misconceptions of pre-service teachers concerning the comprehension of the term “geometric shape”. 
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1. Introduction 

Geometry plays a significant role in mathematics education. Based on the Principles and 
Standards for School Mathematics, to study geometry means to learn about geometric shapes 
and structures and how to analyse their characteristics and relationships (NCTM 2000, p. 41). 
Geometry is an appropriate tool for higher-order thinking skills development, too, since it calls 
for discovering similarities between geometric shapes, consciously using logic properties such 
as transitivity or asymmetry (based on deductive cognitive process), proving properties and 
statements by experimenting and formal logic, using analogies and reasoning in solving 
problems, etc. Geometry also holds an unchangeable position within mathematics education 
due to its unique nature of abstract constructs visualisation. Therefore, geometric constructs 
may be used in mathematics education as iconic representations (based on Bruner’s theory of 
learning modes), e.g., a rectangle for multiplication; a rectangle or circle for fractions; a line for 
representing numbers, addition, and subtraction; points for representing various items in the 
combinatoric tasks, etc.   

Shapes are a substantial part of teaching and learning geometry. Usually, geometric 
shapes (or figures) are classified as two-dimensional or three-dimensional. From Euclidean 
geometry’s point of view, two-dimensional shapes lie on a plane, so they have length and 
height. In contrast, three-dimensional shapes (also called solid shapes) have one more spatial 
characteristic – a width. We will further focus on two-dimensional figures. 

Two-dimensional figures are studied by plane geometry. Learning about those figures 
relates to learning about the properties of their sides, angles, diagonals, heights, areas, and so 
on. The content for learning and teaching plane geometry in Slovakia is specified in the 
National Educational Program (National Institute for Education, n.d.), covering preschool 
through high school educational content and goals all students should reach. With a focus on 
two-dimensional shapes, Slovak pupils are becoming familiar with them since the preschool 
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stage. They learn to identify, draw, and compose a picture of discs, squares, rectangles, and 
triangles. Later in primary school, pupils become familiar with polygons (in general) and 
circles. They should know to describe the properties of all these figures; distinguish one from 
another; scale squares and rectangles up and down (in a square grid); calculate a perimeter of 
a triangle, square, and rectangle; know what points do and do not belong to a particular figure, 
and so on. When they proceed to the lower secondary stage, they learn more parallelograms 
such as rhombus, rhomboid, and trapezoid. Also, specific types of triangles are introduced 
(right, acute, obtuse, equilateral, and isosceles), and they formally learn about an area of 
rectangle, square, and right triangle. During the higher secondary stage, pupils broaden their 
knowledge of two-dimensional shapes by using a coordinate system, solving problems 
involving trigonometry, proving the properties of planar shapes, and so on. 

In our belief, learning the mentioned content is beneficial for thinking development. It is 
a prerequisite for not only students proceeding to study STEM college majors but also for any 
individual solving technically oriented real-life problems. Unfortunately, as it happens in many 
subjects and content areas, not all students thrive in learning about two-dimensional figures.  

 
2. Misconceptions in the learning of geometry 

One of many reasons for students struggling in plane geometry may be anchored in what 
their mental images of plane figures are. Tall & Vinner (1981, p. 152) define the mental image 
as “the total cognitive structure that is associated with the concept, which includes all the mental 
pictures and associated properties and process”. Suppose one’s mental image of a concept does 
not ally with its scientific meaning. In that case, we say they have built a misconception 
(according to the constructivist learning philosophy, see works of Piaget, Vygotsky, Bruner, 
Posner, etc.). The term misconception is closely related to the term preconception. Term 
preconception is equivalent to what Piaget (1952) calls a schema – an existing unit of 
knowledge. Schemas are under development, so they are never complete. They are formed by 
information about some construct, whereas the information has been processed through 
abstraction and generalisation in the learning process. As schemas, preconceptions are 
constantly reconstructed by integrating new information (Bertrand, 1998). In the learning 
process, a pupil’s preconception is the whole spectrum of knowledge they have about some 
construct before the construct is formally introduced by a teacher (Rumanová & Záhorská, 
2019). Some of these preconceptions may be inadequate, not related to what is intended to learn, 
or missing important pieces of information. Thus, they are called misconceptions. Since no 
preconceptions are ideal, there is a thin line between what we call a preconception and 
misconception. From our perspective, misconceptions are the results of the intentional 
educational process. We call something a misconception if and only if students went through 
educational content and comprehended it, not as the instructor had hypothesised. Thus, the 
reason why a misconception has been formed may relate to an inadequate educational 
experience of the student (Abouelftouh & Alkramiti, 2020) that was created and delivered by 
an educator. 

There were found many students’ misconceptions related to planar geometry. Research 
body shows that students might have difficulties both with defining and classifying geometric 
planar shapes (see, for example, Vinner, 1991; de Villiers, 1994; Currie & Pegg, 1998; de 
Villiers, 1998; Monaghan, 2000; Zaslavsky & Shir, 2005; Atebe & Schäfer, 2008; Kembitzky, 
2009; Žilková, 2013), not excluding elementary school pre-service teachers (see Jones, Mooney 
& Harries, 2002; Pickreign, 2007; Fujita & Jones, 2007, Cunningham & Roberts, 2010; 
Hnatová & Mokriš, 2021). They might also have difficulties identifying a model of planar 
shapes. For instance, they might not recognise a square when its model is rotated such that its 
diagonals are in vertical and horizontal positions (Gunčaga, Tkačik & Žilková, 2017). This 

27



Elementary Mathematics Education Journal                                                 2022, Vol. 4, No. 1 
ISSN 2694-8133 

 
 
misconception occurs not only among primary school pupils but can persist in some students 
even to the secondary school stage (Rafiah & Ekawati, 2017). In another example, some pupils 
might overlook an important aspect when identifying rectangles – their vertices – and claim 
a shape that looks like a rectangle with arches instead of vertexes as a rectangle (Gunčaga, 
Tkačik & Žilková, 2017). Some elementary pre-service teachers may have a similar 
misconception. Particularly, Mokriš & Scholtzová (2016) discovered a misconception of 
incorrectly identifying a squircle as a square. Pre-service elementary teachers also tend to make 
mistakes when asked to recognise an element of a geometric shape, such as the height of 
a triangle, a circular sector, and so on (Hnatová & Mokriš, 2021). We hypothesise that some 
credit for such misconceptions may be given to teachers for going through a myriad of math 
concepts rather formally than paying attention to a couple of central ideas.     

One way of dealing with misconceptions early on is regular assessment of students’ mental 
images (Ketterlin-Geller & Yovanoff, 2009; Tóthová, 2014). There are more ways of 
identifying or diagnosing individuals' mental models (preconceptions, misconceptions). The 
primary methods are a qualitative diagnosis that focuses on identifying misconceptions, and 
a quantitative diagnosis that allows studying their frequency within a group of students, 
comparing various groups of students, focusing on changes and further course of building 
concepts (Doulík & Škoda, 2003; Štrauch & Hanč, 2017). To obtain data, instruments such as 
questioning students, interviews, tests, multiple-choice questionnaires with incorporated 
distractors, concept maps, and writing prompts may be used (Drake & Amspaugh, 1994; 
Masingila & Prus-Wisniowska, 1996; Morrison, 1999; Ketterlin-Geller & Yovanoff, 2009; 
Štrauch & Hanč, 2017). 
 
3. Methodology 

3.1. Aim and data collection 

This study initially aimed to investigate pre-service preschool and primary teachers’ ability 
to discriminate figures that are not axially symmetrical from axially symmetrical figures. To do 
so, we developed four items test where each item consists of four planar figures. Pre-service 
teachers were asked to choose the odd one out in each item, whereas axial symmetry was not 
mentioned. Three of these figures were axially symmetrical; the fourth one was not. Moreover, 
students had to explain their choice. We hypothesised that most students would remember and 
embrace the concept of axial symmetry when analysing and selecting an odd figure. The test 
was distributed to students in two forms: a paper form and an electronic form. This paper 
focuses on one of four items (see Fig. 1) that consists of (a) a parallelogram, (b) an isosceles 
trapezoid, (c) a concave equilateral octagon, and (d) a convex octagon with pairs of equilateral 
sides. Figures (b), (c), and (d) are axially symmetrical; figure (a) is not. 

 

 

Figure 1.  An item with three axially symmetrical plane figures (one is not axially symmetrical) 
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3.2. Participants 

The group consisted of 66 preschool and primary school pre-service teachers in their first 
year of study in Slovakia. The group was consistent in all pre-service teachers studying at the 
same university. From the group, 22 participants filled out the paper test administrated by the 
author, and 44 completed the electronic test in their home environment. The electronic test was 
sent to 80 students, whereas 44 tests were filled and sent back. The paper test was administered 
in the classroom. The response rate of the electronic test was 55 %, and the response rate of the 
paper test was 100 %.  

The participants were chosen based on cluster sampling, convenience sampling, and 
voluntary response sampling. 

Participants had not gone through any geometry college courses then, although they took 
a Mathematical Literacy course in the previous semester in which they learned about some 
planar geometry concepts. None of the participants chose to pass the school-leaving exam from 
mathematics for upper secondary education. All 66 participants were girls, so there was no need 
to discuss potential differences in results based on gender. Due to missing answers, only 61 
tests were examined (21 paper versions, 40 electronic versions) out of 66 submitted tests.  

Participants’ age inquiry was not conducted; participants’ age average can be estimated as 
19–20 years. 
 
3.3. Data analysis 

The received answers were transcribed into MS Excel, based on which eight meaning 
categories were created (see Chart 1). We used both quantitative and qualitative means to 
process and analyse the data. 

 

 

Chart 1.  Visualisation of answers categorised into eight categories 

We pursued a holistic approach in the data analysis process and focused on the most 
frequent responses. In the process of analysis, we further categorised answers from the category 
“not a common shape” into two subgroups: “not a common geometric shape” and “not 
a geometric shape” since it gives us interesting results for further discussion. 
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3.4. Findings 

The results show a prevalence of answers in favour of figure C (73.8 %), whereas the least 
dominant were the answers in favour of figure B (1.6 %). All pre-service teachers who chose 
figure A (9.8 %) explained their choice related to symmetry. The most numerous group were 
students who chose figure C (26.2 %), whereas their choice was supported by the explanation 
“not being a common shape”. Furthermore, 16.4 % of all students explained choosing figure C 
as “it is not a geometric shape at all”. Hence, this choice appears to be the most frequent in the 
collected data set; our initial hypothesis was not approved. 

Another obtained result points to the relatively mediocre level of willingness of students to 
spend their time participating in research inquiry, as 45 % of asked students did not return the test. 

 
4. Discussion 

The study aimed to determine whether the property of axial symmetry embodied in pictorial 
models of specific geometric shapes can be recognised by preschool and primary pre-service 
teachers at the beginning of their professional preparation. Even though the results showed that 
some students did observe this property and used it as a discriminative factor, we expected 
a more significant number of students. Based on obtained answers, we see potential downsides 
of the presented item that could steer students’ attention another way. 

1. Figure C is the only one that is concave. 
2. None of figure C’s sides is horizontal. 
3. Exposed figures do not have an equal number of sides. 
4. Figure D is the only one with all angles obtuse. 
5. Figure C is not commonly presented to students in geometry courses. 

The mentioned list results from qualitative analysis and can be used to improve the testing 
instrument in further research. Not only data to improve the test were obtained. The research 
results discovered the misconception of some preschool and primary school pre-service 
teachers centred on the concept of a geometric shape. The results imply that some students may 
think of a geometric shape only as some of those common shapes, such as triangles, 
parallelograms, circles, polygons, and so on. Thus, they understand a geometric shape as 
a general category that includes specific geometric shapes learned in school, excluding all 
shapes they are unfamiliar with; or that are not prototypical. This issue may be anchored in how 
educators discuss geometric shapes with pupils through the pure systematisation of geometric 
shapes without pointing to what is and is not a geometric shape. To be clear, the classification 
of geometric shapes plays an essential role in learning about specific shapes (Elia & Gagatsis, 
2003) and is beneficial for proving and inferencing properties from more general shapes, such 
as parallelograms, to more particular shapes, such as squares (Fujita & Jones, 2007).  

We assume that discussing only typical geometric shapes in the classroom without 
mentioning some non-prototypical shapes does not follow the learning principle and the 
necessity of conceptual learning (NCTM, 2000, p. 20). Reasonably, school mathematics must 
be centred on central ideas and concepts that learners are likely to face in the future. Another 
argument might be related to time constraints, and thus that learning “non-curricular” content 
may prevent mathematics teachers from spending time discussing content specified in 
curriculum standards. Nevertheless, lesson structure depends on the educator, too; a few minor 
instructions or activities on deepening conceptual understanding of a geometric shape should 
not cause any harm either to learners or the run of the math course. Finally, we suggest that 
students should be acquainted at some level with what is and what is not a geometric shape.  

This brings us to the heart of the problem: the definition of a two-dimensional geometric 
shape. Mathematics textbooks usually do not define what geometric shape means. Instead, this 
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term is introduced through concrete types of geometric shapes such as lines, triangles, squares, 
rectangles, quadrilaterals, and so on. Scanning various math textbooks, we did not find any 
precise definition of geometric shape or non-model of a geometric shape (geometric figure). 
Euclid, in his work Elements, defines a figure as something “which is contained by some 
boundary or boundaries”, whereas “a boundary is that which is the extremity of something” and 
“the extremities of a surface are lines” (Fitzpatrick, 2008, p. 6). A different transcription of 
Euclid’s Elements says that “a figure is a surface enclosed on all sides by a line or lines” whereas 
“a line is length without breadth” (Byrne 1847, p. XVIII-XIX). Since those two transcriptions 
of Euclid’s work do not specify whether these lines are straight or curved (despite he deals in 
his work with the term straight line), both types can be accepted. Thus, two-dimensional figures 
can be defined as an area closed by its boundary, whereas the boundary may consist of 
a combination of curves and straight lines. There is also a different way of defining a figure that 
uses a topological approach. Based on this approach, the interior points, boundary points, and 
exterior points of a figure can be defined as follows (Medek, Mišík & Šalát, 1975): 

 point 𝑋 ∈ 𝐸ଶ is called an interior point of figure F if there exists a ball centred at the 
point 𝑋, that lies entirely in figure F, 

 point 𝑋 ∈ 𝐸ଶ is called an exterior point of figure F if there exists a ball centred at the 
point 𝑋, that has an empty intersection with figure F, 

 point 𝑋 ∈ 𝐸ଶ is called a boundary point of figure F if any ball centred at the point 𝑋, 
consists of both interiors and exterior points of figure F. 

Either of these two definitions may be included in learning about geometric shapes, 
depending on the current level of students’ cognitive development. Moreover, besides the 
importance of introducing the planar shape definition, it is essential to engage students in 
relevant activities. Thus, we suggest following instructions. 

1. Draw a few arbitrary planar shapes that have 4 sides each. Compare your shapes with 
your classmate. What shapes do you have in common? What shapes are unique? How 
could we name such a shape? 

2. There are three planar shapes in the picture. Write down all properties of those shapes 
you can think of. Put yourselves in groups and summarise your ideas.  

3. There is a list of properties one planar shape should have. Use those properties to draw 
the corresponding shape. How many different shapes can you draw? 

The mentioned instructions are quite general and not finite. They are supposed to serve 
rather as an inspiration than the limited list of possibilities for a math teacher. 
 
5. Conclusion 

Starting in preschool, shapes are discussed as common features of real objects that people 
can observe, touch, and model. They can be effortlessly compared to each other to determine 
how similar or different they are (Morgenstern et al., 2021). Young pupils should be confronted 
with shapes in activities where they must observe and describe various shapes. Based on that, 
pupils start noticing the properties of those shapes. Learning about geometric shapes, their 
properties, and general logic properties in learning geometry can occur through activities such 
as combining or cutting apart shapes for a new shape (NCTM, 2000, p. 98). If geometric content 
is taught inappropriately, students’ mental models may differ from the scientific meaning in 
some essential attributes. 

The study was conducted on novice preschool and primary pre-service teachers. Thus, their 
educational background differs from case to case. The survey results revealed unexpected 
students’ misconceptions about the term geometric shape. Notably, some students may think of 
geometric shapes as just as common shapes they are typically learning about. We believe that 
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the source of this misconception is an extreme accent on common shapes’ hierarchisation 
(e. g., parallelograms, squares, triangles …) without discussing those shapes that do not fit into 
any of the shapes’ categories.  

The result of the study shows the need for inquiry about pre-service teachers’ conceptions. 
Just as many other study results (e. g. Bulut & Bulut, 2012; Molitoris Miller, 2018), systematic 
inquiry serves as a basis for the revision of relevant mathematics courses within teacher 
preparation programs. We suggest that students should be confronted with more than just the 
“typical” hierarchy of two-dimensional geometric shapes.  
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