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This paper presents a mixed methods study whose objective was to learn 

how pre-service elementary school teachers understand and interpret the 

concept ‘dimension’. The research sample consisted of 132 pre-service 

mathematics teachers who enrolled in an asynchronous online course 

entitled “When Mathematics Meets Art”. The preliminary results suggest 

that research participants have insufficient prior knowledge about 

dimension; the majority of them have misconceptions about dimension, 

which have at least two origins: prior concept image and the linguistic 

meaning of the word. In the case of dimension, artwork did not contribute 

to the understanding of the concept. 

THEORETICAL FRAMEWORK 

The world we live in consists of complex shapes and forms. To 

understand it and live in it, we must be able to characterize it and to be 

able to describe different properties of natural phenomena correctly. One 

such characteristic is ‘dimension’, a concept that we use practically on a 

daily basis. The concept of dimension is so ingrained in geometry that it 

is often used in schools and even in teacher training institutions without it 

being given a proper definition (Vitsas & Koleza, 2000). In textbooks, the 

word ‘dimension’ appears as a characteristic of a geometric object 

alongside examples of objects with different dimensions such as points 

(zero-dimension), lines (one-dimension), rectangles (two-dimension), and 

cubes (three-dimension).  

What is the definition of dimension and why it is not presented to 

learners? Selkirk (1990, p.170) presented a mathematical dictionary 

definition of dimension: “The number of measures needed to give the 

place of any point in a given space, the number of coordinates needed to 

define a point in it”. Morgan (2005) points out that one of the reasons 

that the definition of dimension is not presented to learners is its 

ambiguity: the nature of the ‘given space’ is left open. However, she 

claims that “this is not a weakness in the definition but a characteristic of 

the mathematical concept itself” (p. 104). This conclusion contradicts the 

notion that mathematical language must always attempt to be defined 

precisely so that there is no “possibility of more than one interpretation 



for a mathematical expression arising from sloppy use of language rather 

than any uncertainty in the mathematical ideas” (Barwell, 2005, p. 118). 

Having this in mind, for the purpose of this paper, I based on the 

topological definition of dimension as the number of directions in which 

an object can expand (Skordoulis, Vitsas, Dafermos, & Koleza, 2009). 

Several studies focused on the way students, pre-service teachers, and in-

service teachers understand dimension in the context of Euclidean 

geometry. It was found that not all teachers could correctly determine the 

dimensions of known objects, and about half of them named a criterion 

according to which they determined the dimension, but were usually 

inconsistent in applying it (Ural, 2014; Vitsas & Koleza, 2000). 

Skordoulis and his colleagues (2009) suggested that the difficulty of 

determining the object’s dimension stems from both a lack of clarity 

regarding the use of the concept in school and the confusion created when 

the geometrical object is placed in a Cartesian coordinate system.  

However, none of these studies examines what is the concept image of 

dimension that researches’ participants have. The concept image can 

uncover learners’ misconceptions. Tall and Vinner (1981, p. 151) define 

concept image as: 

The total cognitive structure that is associated with the concept, which 

includes all the mental pictures and associated properties and processes. 

It is built up over the years through experiences of all kinds, changing as 

the individual meets new stimuli and matures.  

The literature review indicates that dimension is important concept and 

helps us understand the nature, yet it is not taught in an organized manner 

on any level, neither in pre-academic programs nor in teacher training 

colleges. Studies that examined the knowledge of pre-service and in-

service teachers indicate that most of teachers have insufficient 

mathematical knowledge about dimension in Euclidian geometry. 

Therefore, it was decided to submit activities that deal with dimension as 

one of the topics in the asynchronous online course "When Mathematics 

Meets Art", offered by the Gordon Academic College of Education in 

Israel. The course was designed to implement the principles of STEAM 

(Science, Technology, Engineering, Art and Mathematics) education, and 

in this case, artwork that emphasizes mathematical concepts was included 

in the course curriculum. This approach was chosen to enable pre-service 

teachers to experience interdisciplinary learning, which is considered 

more suitable for the 21st century (e.g. Okbay, 2013; Thuneberg, Salmi, 

& Fenyvesi, 2017).  

 

 



CONTEXT OF THE STUDY AND METHODOLOGY 

The preliminary results of the student learning outcomes from the course 

"When Mathematics Meets Art" suggest a positive and significant partial 

overlap between mathematics and art regarding topics such as zero and 

infinity (in the context of calculating area and perimeters), the golden 

section, and spatial vision (focusing on impossible shapes), which is 

innovative, intriguing, fun, and inspiring (Nutov, 2018). However, in the 

case of dimension, there were no correlations between the artwork and 

the above-mentioned mathematical concepts and so I decided to analyse 

pre-service teachers' learning outcomes regarding dimension as a case 

study. The purpose of the study was to learn how pre-service teachers 

understand and interpret dimension. 

The research questions were: 

(a) How do pre-service teachers understand and interpret dimension?  

(b) Does artwork contribute to the pre-service teachers’ understanding of 

dimension? 

The research method 

Of all the mixed methods research strategies, the explanatory design 

research was deemed most suitable (Creswell & Plano Clark, 2007). The 

first phase of the research consisted of the collection and analysis of 

quantitative data. The second phase included the interpretation of the 

quantitative data using the qualitative data. In this way, the advantages of 

both research paradigms are exploited: A quantitative method enables to 

examine the relationship between variables, while the qualitative method 

provides the participants' interpretation of the quantitative findings. 

The research environment 

The course “When Mathematics Meets Art” was offered for the first time 

in the fall of 2017 by the Gordon Academic Educational College, Israel 

for pre-service elementary school teachers majoring in mathematics. A 

total of 132 pre-service teachers participated in the semester-long (14 

weeks), asynchronous online course. The objectives of the course were to 

expand the pre-service teachers' mathematical knowledge, to create a 

community of learners, and to apply mathematical concepts to art, daily 

life and natural occurrences. The course covered six mathematical topics 

presented in the following order: tessellations, zero and infinity (in 

calculating area and perimeter), the golden section, spatial vision 

(focusing on impossible figures), dimension, and self-similarity. These 

six topics were selected using three criteria that relate to the elementary 

school curriculum: topics included in the curriculum (zero and infinity 

and spatial vision); concepts mentioned in the curriculum but not studied 



in depth (dimension and self-similarity); and concepts that are not part of 

the curriculum but are tightly coupled with both mathematics and art 

(tessellations and the golden section). 

The course was designed on the Moodle platform and consists of six 

units, one for each mathematical concept as indicated above. The 

following are the student requirements for each course unit: (1) Pre-

service teachers must take part in a forum discussion or answer a survey. 

These tasks are designed to check the pre-service teachers' prior 

knowledge (15% of final grade; pre-service teachers are graded for 

participation, not knowledge); (2) Pre-service teachers study the 

mathematical concept theoretically using a specially prepared video, an 

article, or a PowerPoint presentation. They then apply their acquired 

knowledge by solving exercises or carrying out an inquiry task. Finally 

they check their knowledge by taking a short online test (test score is 

20% of final grade); (3) Pre-service teachers contribute an artwork (which 

need not be original) to an online cooperative gallery (9% of final grade); 

(4) A final exam (56% of final grade). 

The mathematical content of the Dimension unit consists of a paper that 

explains the topological definition of dimension and presents the 

Hausdorff formula used to calculate it. The unit includes exercises that 

implement these definitions. Pre-service teachers were encouraged to 

watch movies such as “La Linea” that was created by Osvaldo Cavandoli 

and “Flatland” that is based on the book of Edwin Abbot.     

The research tools 

Prior knowledge online survey – consisted of open-ended questions: 

How would you explain to your students what dimension is? What is 

the dimension of a circle, a circle perimeter, a pyramid apex, a pyramid 

edge, the surface of a sphere, and a room? (Table 1). What are origins 

of your knowledge?  

Online tests – consisted of multiple choice questions which applied the 

definition of dimension to Euclidean objects (point, curve, surface, and 

space), the Hausdorff formula to calculating the dimensions of 

Euclidean objects and to estimating the dimensions of fractals (for 

example, the dimension of the snowflake curve that is between 1 and 

2). The pre-service teachers had two attempts to answer the questions. 

The tests were graded automatically based on pre-determined criteria and 

the final test grade for each pre-service teacher was the higher of the two. 

Collaborative gallery – the gallery consisted of the pre-service teachers’ 

art contributions. They could contribute an artwork, original or not 

original, with a short explanation of how dimension is expressed in it. 

Students could have commented on the contributions of their colleagues 



and indicate ‘like.’ The Padlet (https://padlet.com) website was selected 

for the collaborative art gallery. All contributions were graded according 

to a published rubric.  

Data analysis 

The quantitative data were analysed statistically and an attempt was made 

to find a connection between the online mathematics test grades and the 

artwork grades. The qualitative data (prior knowledge) were analysed 

according to the Strauss-Corbin method (1990): first, each of the survey 

responses was analysed to identify primary and secondary themes. Next, 

links were identified between the different categories, and finally, an 

attempt was made to correlate the quantitative and qualitative results. 

RESULTS AND DISCUSSION 

The data analyses offered the following preliminary results: (a) pre-

service teachers have insufficient prior knowledge regarding the 

concept of dimension; (b) the majority of research participants have 

misconceptions about the concept of dimension, which have at least 

two origins: prior concept image and the linguistic meaning of the word; 

(c) contribution of art to understanding the concept of dimension was 

not observed. Each of these results is discussed in what follows.  

Insufficient prior knowledge of pre-service teachers  

Table 1 presents analyses of the prior knowledge online survey. These 

results suggest that pre-service elementary school mathematics teachers 

have unsatisfactory knowledge of dimension. Even a simple question like 

“What is the dimension of a room?” produced only 55% of correct 

answers.     

 

Question 

No. 

What is a dimension 

of…  

Correct 

answer 

Wrong 

answer 

Didn’t 

answer  

‘Creative’ 

answers 

1 a circle 51.81% 27.27% 10% 10.9% 

2 the perimeter of a circle 30.9% 45.45% 10.9% 12.72% 

3 the apex of a pyramid 40.9% 40% 18.81% 7.2% 

4 the edge of a pyramid   46.36% 27.27% 142.72% 13.63% 

5 the surface of a sphere 22.72% 53.63% 12.72% 10.9% 

6 a room 55.45% 13.63% 10.9% 20% 

Table 1: Prior knowledge survey results (N = 110) 

Some of the pre-service teachers ‘creative’ answers to the question “How 

would you explain to your pre-service teachers what "dimension" is?” 

demonstrated a total confusion regarding the frequently used concept. 

Here are some examples: “Dimension is a region that is defined as a 



specific area, sometimes abstract and sometimes real that can be seen 

and felt”. “Dimension is a ‘wide’ place that we can enter”. “A more 

sophisticated painting, which can be seen from different angles”. 

“Dimension is a space that occupies some form or an object, there are 

several indices and each of them sees it differently.”  

Misconceptions about the concept ‘dimension’ 

The data analysis reviles two possible roots of pre-service teachers’ 

misconceptions: the concept image of dimension and the linguistic 

meaning of the word ‘dimension’.  

Concept image of dimension: Some pre-service teachers stated that they 

would explain that: (a) Dimension is a measurement (length, width, 

height) (20 pre-service teachers); (b) Dimension is a space or a surface 

(18 pre-service teachers). 

In the case of dimension, the concept image presented by the pre-service 

teachers, i.e. dimension as a measurement, is understandable. The pre-

service teachers had never learned the proper definition and their 

knowledge is built upon examples of different objects. Objects that has 

only one dimension such as a line or a curve have only length; objects 

that have two dimensions –such as rectangles, that have both length and 

width and are related to a plane; and objects that, have three dimensions –

such as cubes that have length, width, and height and are related to a 

space. In addition, in the case of the State of Israel, where this study was 

conducted, the online geometry dictionary available on the official site of 

the Ministry of Education contains no definition of dimension, yet offers 

the following definitions: “Length - a dimension connected with a 

straight line”; “Space - a dimension connected to a plane”. These 

definitions are in line with the misconceptions of pre-service teachers 

observed. It seems that the lack of a clear and coherent definition 

contributes to pre-service teachers' confusion in the case of the concept 

image of dimension.  

Here are some examples of pre-service teachers’ answers. Dimension as a 

measurement: “Dimension is a numeric or a quantitative value that 

defines measurements of an object or a shape, such as length, width, 

height, or the quantity that this object can contain, such as volume or 

capacity.” 

Dimension as a space or a surface: “Dimension is a number that describes 

a particular space”. 

Linguistic meaning of the word “dimension”: Although “mathematical 

language appears to be identified with its vocabulary” (Morgan, 2005, p. 

103), many mathematical concepts are, at the same time, used in 

everyday language in which the meaning of the word is different from its 

mathematical meaning. This situation creates ambiguity and can be a 



source of misconception. Data analysis reveals four different kinds of 

misconceptions related to the linguistic meaning of the word ‘dimension’ 

in Hebrew: (a) Dimension as size or weight (4 pre-service teachers); (b) 

Dimension as an axis in space (5 pre-service teachers); (c) Dimension as 

a point of view (7 pre-service teachers); (d) Dimension as a protected 

space (2 student). 

These explanations of the concept ‘dimension’ given by pre-service 

teachers can be based on the different meanings of the word ‘dimension’ 

found in a Hebrew dictionary. For example, to describe a large project, 

one can say “a big dimensional project”.  

Here are few examples for each misconception: (a) “Dimension is a 

concept that helps us to notice a certain size. For example, an elephant is 

huge - it is large and heavy. Its size and weight are enormous.” (b)  “A 

dimension is an axis in space that describes a volume. For example, when 

a person is said to be large in size.” (c) “Dimension describes my point of 

view, which directions I looked at”. 

The most surprising misconception is the last one, (d), since it comprises 

two different misconceptions – one is connected to mathematics and 

another to Hebrew as a language. Protected space and dimension are 

written identically but are pronounced differently: protected space is 

pronounced “mamad” (and is in fact an abbreviation) while dimension is 

pronounced “meimad”. Here is an illustrative example: “I will explain 

that dimension is a place where we hid during the war”. 

Contribution of art to understanding dimension 

The preliminary research results indicate that in the case of dimension 

there is no connection between the pre-service teachers’ online math test 

grades and their artworks (r=0.061, sing. 1-tailed=0.247). However, a 

more in-depth examination of the data showed that pre-service teachers 

who uploaded original artwork to the art gallery did very well on the test. 

Unfortunately, only six, out of the 101 submitted artworks, were original 

(four of them are presented in Figure 1). Based on this data any 

conclusions cannot be make regarding the contribution of original 

artwork to the understanding of dimension. 

 

 
   

Figure 1: Some of original student art on  dimension 

 



It is interesting to note that all the artworks (original or not) which were 

uploaded to the art gallery, represented three-dimensional objects. 

However, there is not even one example of one-dimensional or zero-

dimensional object, or fractals (which have a fractal dimension). That was 

although pre-service teachers had such examples in the theoretical 

material (films like La Linea and Flatland).  

CONCLUSIONS 

This research is part of a larger study whose objectives were to examine 

the possible contribution of art to pre-service teachers’ understanding of 

mathematical concepts and to identify the challenges of learning 

mathematics in combination with art via an online course. The 

preliminary results of the main study confirmed the hypothesis that there 

is a possible overlap between mathematics and art, inspired by a 

mathematical concept. This overlap, or the math-art connection, can help 

pre-service teachers enhance their mathematical ability to solve a given 

assignment or to perform an inquiry task; it can also help them develop 

mathematical intuition, since art enables expression that is beyond words 

and numbers. However, the preliminary results of the present research do 

not support this claim; on the contrary, they indicate that, in the case of 

dimension, there is no overlap between mathematics and art. This 

contradiction warrants an explanation and future research to explore the 

question: Do artworks contribute to the understanding of any 

mathematical concept or only to those mathematical concepts that are 

easy to draw or are not particularly abstract? 

The study results show that dimension is an abstract mathematical 

concept with an ambiguous definition (Morgan, 2005) that, in most cases, 

is not previously taught in any curriculum (Skordoulis et al., 2009). There 

are at least two possible explanations for the almost zero correlation 

between the math test results and the artworks in the case of dimension.  

One explanation can be the challenge to understand the abstract nature of 

this concept: in the real-physical world, we can model only two types of 

objects - two-dimensional and three-dimensional; there are no zero-

dimensional, one-dimensional or fractal objects. When pre-service 

teachers were ask to present an artwork, their choice to represent three-

dimensional objects seems natural because we live in a three-dimensional 

world. A representation of three-dimensional object on a two-dimensional 

surface requires a deep understanding of the mathematical concept of 

dimension and good art skills (as opposed to concepts such as zero and 

infinity or tessellations).  

The second explanation can be the nature of the course. The course 

presented here was designed as an asynchronous online course, which 



means, that each student can complete the course tasks at a time that is 

convenient for her or him. This freedom made it impossible to identify 

the pre-service teachers’ misconceptions while they were studying the 

unit and to provide immediate, real-time response. It is very reasonable to 

suggest that when the mathematical concept is unclear the ability to 

express the knowledge through artwork is limited.  

I believe that the math-art connection holds great potential for math 

education, particularly at the elementary school level, although in the case 

of dimension the results did not support this claim. As a lecturer at an 

education college, I see it as my responsibility to expose pre-service 

teachers to STEAM as well as to online learning. In that spirit, my future 

plans are to complete the entire data analysis and to verify my 

preliminary results. In addition, I plan to organize an exhibition of the 

pre-service teachers’ original artwork and to study its impact on the entire 

Mathematics Department, including both pre-service teachers and staff.  

The course “When Mathematics Meets Art” is a new online course and 

the research results indicate several directions for improving the course so 

that it meets student needs more precisely. The questions I will consider 

are: (a) What previous knowledge do pre-service teachers need so that no 

knowledge gaps exists and they feel confident of their knowledge and 

what are the best ways to provide it? (b) Preparing original student 

artwork versus analyzing professional artwork: which is more beneficial 

for student learning? (c) How can pre-service teachers be provided with 

richer experiences so that they are able to form a more coherent concept 

of dimension? (d) The inclusion of a synchronic lesson in each unit and 

an option of addressing questions pre-service teachers have after studying 

the theory and before taking the online test.  
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