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ABSTRACT This case study inspected mathematical learning opportunities that employed the 
results from the participating preservice teachers’ (n=75) original visual arts creation process. Data 
obtained during this study provided empirical evidence for the educational viability of employing 
original Mondrian-style rectangle sets as a context for generating authentic mathematics inquiry 
opportunities. The participating preservice teachers generally indicated that through the process 
of creating their Mondrian-style rectangle sets and exploring the mathematical patterns within 
their works, such as the presence of fractions and ratios, they were able to develop an improved 
understanding of the pedagogy for teaching these mathematics concepts. The findings from this 
study suggest that both mathematics teachers and mathematics teacher educators might better 
serve their students by including more visual supports when teaching mathematics concepts.

KEYWORDS mathematics education, teacher preparation, ratios and fractions, proportional reasoning, 
visual supports for instruction
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Introduction

The integration of visual representations such as tables, 
charts, symbols, diagrams, and graphs, into mathe-
matics education has been a core pedagogical strate-
gies since ancient times—the Pythagoreans used many 
of these techniques in their own self-edification and 
when teaching each other mathematics (Stylianou & 
Silver, 2004). Visual images used in mathematics can 
be generally divided into two main categories: (1) illus-
trative tools for organizing and communicating data; 
and (2) pedagogical tools for illuminating abstract and 
theoretical ideas via more tangible representations 
(Rellensmann et al., 2017). To facilitate the cognition 
of mathematics, building concept maps using either 
physical or mental images may help learners to create 
multifaceted connections between their new and exist-
ing knowledge (Friel, Curcio, & Bright, 2001). Visually 

perceived approaches to mathematics have the poten-
tial to facilitate students’ mathematical comprehension, 
while also improving their spatial, proportional and 
operational execution (An, Cashman, & Tillman, 2021; 
An, Hachey, & Tillman, 2022). 

As a pedagogical approach, visual literacy for math-
ematical concepts, in other words what occurs when 
information is illustrated through diagrams and charts, 
has shown wide applicability throughout multiple 
mathematical domains, including those embedded 
within the K-12 curriculum (Ainsworth, 2006). Class-
room studies have verified that visual strategies for 
teaching mathematics generally outperform non-visual 
alternative strategies, particularly during problem solv-
ing tasks that require manipulation of both figures and 
quantities instead of just one or the other (Boaler et al., 
2016). Pedagogically, visual literacy provides an acces-
sible context for providing hands-on opportunities to 
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Nutov (2021) examined 127 preservice teachers on 
their learning experiences of learning the concepts of 
zero and infinity with the integration of visual art works 
in a mixed method study.  The empirical evidence from 
Nutov’s study suggests that mathematics education 
with visual supports positively correlates with preser-
vice teacher motivation and positive feelings towards 
mathematics, as well as increased achievement in math-
ematical problem-solving. Within this context, the goal 
of this current study was to investigate preservice teach-
ers’ conceptual and pedagogical understanding of the 
relationship between visual supports, such as Mondri-
an-inspired artwork, and mathematical learning. The 
specific research question addressed by this research 
study was: how did the participating preservice ele-
mentary teachers evaluate their own mathematics ped-
agogy that resulted from learning about fractions and 
ratios with the help of visual supports?

Methods

Participants and Setting 
The participants in this case study were recruited from 
a research university along the southwestern border of 
the United States. As one of the largest Hispanic serv-
ing universities in the U.S., the recruitment location pro-
vided a population that was more than three-quarters 
Hispanic. A total of 75 preservice teachers were recruit-
ed from four different sections of an elementary math-
ematics methods course, all of which were taught by 
the same instructor and occurred over the duration of 
two regular academic semesters. The participating pre-
service teachers were senior-level undergraduates pur-
suing either an elementary generalist or an elementary 
bilingual generalist certificate, and a majority of them 
were working as student teachers in the local school 
systems. Among the 75 participants, 68 were female and 
7 were male. Also, 71 of them self-identified as Hispanic 
and 4 of them self-identified as Caucasian. 

Target Task and Procedure 
During this study, the target task had three major com-
ponents: (1) create an original piece of artwork consist-
ing of a number of shaded shapes drawn in such a way 
to create a larger shape; (2) identify fractional values 
within the artwork for each shaded shape—each shaded 
area serving as a numerator and the whole area as the 
denominator; and (3) analyze the ratios of those frac-
tional values—the ratio between the length and width 

develop mathematical knowledge, while also expand-
ing the variety of contexts in which teachers can support 
the occurrence of such learning experiences (Honey et 
al., 2014; Guyotte et al., 2014). 

Learning about mathematical ratios can provide 
a linkage among arithmetic, algebra and geometry—
thereby integrating some of the most challenging 
instructional components within the elementary math-
ematics curriculum (Kilpatrick et al., 2001; National 
Mathematics Advisory Panel, 2008). Unfortunately, due 
to wide-ranging confusion about the various functions 
of mathematical ratios, there is a widespread miscon-
ception that mathematical ratios are too complex for 
teaching to early elementary students (Lamon, 2007; 
2012). To address this misconception, and to facilitate 
elementary students’ comprehension of mathemat-
ical ratios, teachers should offer students abundant 
opportunities to think proportionally while identify-
ing, analyzing and representing fractional-proportion-
al relationships (Fielding-Wells, Dole, & Makar, 2014). 
Compared with more commonly-used contexts that are 
often abstract in nature, such as math problems about 
speed variations or coupon discounts, visually-percep-
tible contexts (e.g. chorographical designs and graph-
ic designs) have been used relatively infrequently for 
classroom illustration purposes (An et al., 2019; Weiland 
et al., 2021). Therefore, it seems worthwhile to examine 
potential approaches for developing visual supports 
into a teaching resource for exploring fractional rela-
tionships within elementary mathematics education. 

During the past three decades, educational research-
ers and curriculum theorists have provided scholarship 
investigating visual supports as a means for improving 
mathematics education (e.g., Burton et al., 2000; Dana-
Picard & Hershkovitz, 2019; Dietiker, 2015; Marshall, 
2014; Nutov; 2021; Smithrim & Upitis, 2005). In gener-
al, this line of study has confirmed that positive effects 
on students’ academic achievement can be achieved in 
situations where mathematics learning opportunities 
are visually supported. Within these studies, many 
aspects of the connections between the mathematics 
and visual supports have been articulated and assessed 
for pedagogical aptitude. However, a discovery from 
our literature review summarizing this field of study 
was that empirical research on the topic of mathematics 
education employing visual supports has as of yet not 
provided a replicable instructional model for assisting 
preservice teachers who are in the process of learning to 
use this pedagogical approach. 
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Figure 1

A painting titled “Composition A” (originally created 
in 1923, photo is public domain) by Piet Mondrian 
showing his highly geometrical style of art

Figure 2

Example of a Mondrian-style rectangle set with corresponding fraction and ratio information created by two 
preservice teachers 

within each shaded area. In the first component, all 
participants were taught about the painter Piet Mon-
drian (1872-1944) and the highly geometrical style 
employed in many pieces of his artworks (see Figure 
1), after which they were guided through the process 
for creating their own original Mondrian-style rectan-
gle sets on a sheet of letter-sized grid paper (see Figure 
2). The definition of a single unit (i.e. one whole in frac-
tion) was set as a 6×6 matrix with 36 tiny squares pre-
marked on the top-upper corner of each sheet of grid 
paper that was distributed to the participants. To ensure 
sufficient complexity within the resulting artwork cre-
ated by the participants so that they would have suf-
ficient mathematical relationships to explore, the task 
directions required each participant to make at least 
five horizontal and five vertical lines in their artwork, 
thereby generating at least 25 rectangles. Next, partic-
ipants were asked to determine the fractional value of 
each rectangle within their artwork by comparing each 
rectangle with the size of one whole unit as defined in the 
directions. Lastly, participants were asked to identify all 



mathematical thinking. Specifically, first an online 
forum was created for participants to exhibit their 
original creations as well as share their corresponding 
mathematical analyses. Then, another online forum was 
provided three days later after the debriefing where 
each participant made additional comments regarding 
their own and each other’s artwork and the researcher 
highlighted the two typical error patterns from existing 
art explorations (1) treating ratios as fractional values, 
and (2) employing ratios as if they were additive. In the 
first type of error pattern, some participants mistakenly 
treated the fractional values of each individual rectan-
gle’s area as interchangeable with the width to length 
ratios of similar rectangles. In the second type of error 
pattern, some participants have misconceptions that a 
rectangle with a width to length ratio of 2:3 has an iden-
tical ratio to a rectangle with a width to length ratio of 
3:4 because the case is increased by 1 unit which is a 
“smooth” proportional change. This second forum was 
used by participants to share post-task reflection essays 
describing their thoughts on this pedagogical approach 
for teaching mathematics to elementary students. 

The collected data were analyzed utilizing a ground-
ed theory approach (Corbin & Strauss, 2008). Specifi-
cally, the collected pictorial data and corresponding 
written data were paired up and analyzed together as a 
means for investigating any potential linkages between 
the participants’ original artwork designs, mathemat-
ical problem-solving strategies, and the contents of 
their pedagogical reflections. A content analysis was 
undertaken with the primary goal of pinpointing and 
describing the distinguishing methods, strategies, and 
judgments performed across the entire set of data from 
the 75 participants. During the first round of coding, 
individual emergent themes from the collected data 
were clarified with the aim of generating a broad-spec-
trum understanding of the participant’s general reason-
ing processes along with identifying any misconceptions 
about fractions and ratios. This task was accomplished 
through constant comparisons until the initial entry cat-
egories were qualitatively saturated. During the second 
phase, the data were refined by escalating quotations 
worthy of being reported, including those pertaining to 
interesting problem-solving strategies and noteworthy 
pedagogical reflections; this phase also included sharp-
ening the refinement of the selected representational 
cases while also eliminating repeated entries with simi-
lar content. To minimize any unconscious coding biases, 
two separate coders worked independently throughout 

of the geometrically similar rectangles, meaning those 
with equivalent ratios, that were present within their 
artwork. 

Next, participants were tasked with identifying the 
correct fractional values of the rectangles within their 
original Mondrian-style designs. The predefined 6×6 
square provided on the grid paper was used as a key 
reference by the participants as they computed each 
rectangle’s fraction. The most commonly employed 
strategy was to construct a fraction by using the total 
number of grid squares as the numerator and 36 as 
the denominator. By using this method, rectangles 
that looked different but had the same areas nonethe-
less produced equivalent fractions. The emergence of 
mixed and improper fractions within the original Mon-
drian-style rectangle sets was an anticipated result from 
the first target task, because of the limited size of the 
provided grid paper. The emergence of equivalent ratios 
(based on part-to-part relationships between length and 
width) among each pair of geometrically similar rect-
angles from  students’ own artwork was an anticipat-
ed result from the second target task. The researchers 
observed that whenever the participants developed a 
rectangle that was larger than 36 grid squares, a fraction 
with a value larger than one whole would be formed. 
It should also be noted that while the participants each 
created their own original artworks based on the spec-
ified criteria provided in the task directions, they were 
also following a documentation process describing their 
experience and results. To demonstrate an understand-
ing of fractions, the participants were directed to write 
down the fractional values presented within each rect-
angle on their artwork. To demonstrate understanding 
of ratios, the participants were asked to identify the 
ratio between width and length for each rectangle, and 
then write down all similar rectangles with equivalent 
length-to-width ratios on a separate piece of paper.

 
Data Collection and Analysis 
Data collected in this case study included written 
essays, pictorial data in the form of original artwork, 
and hand-written documents for showing fraction and 
ratio attached to their artworks. To assist the data col-
lection process, two online discussion forums were set 
up for participants so that they could upload their doc-
uments, as well as review each other’s creations. The 
time span for the data collection was four days, which 
allowed each participant enough time to review the 
other’s participants’ artworks and their documented 
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topics (e.g., taught fractions with connections to ratios); 
and (4) participant generated a positive learning envi-
ronment (e.g., improved engagement in mathematical 
investigations). To illustrate the pedagogical reflec-
tions in detail, seven participants’ testimonies—Eve-
lyn, Joanna, Sabrina, Paula, and Yasmin (the names of 
the selected participants have been changed to pseud-
onyms)—were selected to emphasize their distinctive 
perspectives.

By manipulating a set of rectangles with different 
length and width characteristics, the participants were 
provided an opportunity to constructively identify 
the patterns displayed between the emergent fractions 
and corresponding ratios. This process appears to have 
enhanced the participants’ self-reported knowledge for 
teaching mathematics. As an illustration, Evelyn shared 
personal insights into her own challenges understanding 
the conceptual differences between fractions and ratios:  

�After completing this activity, I realized out of all my 
educational years, even now that I am all ready to 
finish my degree in university, I never really worked 
with ratios with a hands-on activity before and was 
never taught the difference between a ratio and a 
fraction. I found that this interactive visual activity 
helped me reason and be able to picture each rect-
angle and the relation it had to the whole. Although 

the data analysis process and the results were collec-
tively compared to determine confirmation, or the lack 
thereof, for the results that emerged. The inter-rater 
agreement rate was about 93% and the 7% emergent 
inconsistencies in the coding results were then resolved 
through open discussion conducted among the research 
team members until a consensus was achieved.  

Results

The participating preservice teachers collectively indi-
cated that by creating their own Mondrian-style rect-
angular shape sets, they were guided to explore the 
mathematical patterns such as fraction and ratio with-
in their produced works. They were able to develop 
an improved understanding of fractions and ratios, as 
well as the pedagogy appropriate for teaching these two 
mathematics concepts. A total of 14 themes emerged 
(see Table 1) after analyzing the collected data and these 
themes were classified into four major categories, which 
included: (1) participant identified math content knowl-
edge challenges (e.g., clarified the differences between 
fraction and ratio); (2) participant developed deepened 
conceptual understanding of specific math topics (e.g., 
illustrated parts-to-whole relationship); (3) participant 
identified the pedagogical connections among math 

Table 1

Themes from Participants’ Reflections on Creating Mondrian-Style Rectangle Sets

	 Major Theme	 Specific Theme	 Count / Rate 
			   (n=75)

	� Identified the math content  
knowledge challenges 
 

	 Deepened conceptual  
	 understanding of specific 
	 math topics 
 

	 Identified the pedagogical  
	 connections among 
	 math topics 
	  

	 Created positive learning  
	 environments 

	 Identify flawed understanding of proportions 	 42	 56.0%

	 Clarify the differences between fractions and ratios	 31	 41.3%

	 Differentiate additive and multiplicative relationships 	 7	 9.3%

	 Conceptualize parts-to-whole relationship	 39	 52.0%

	 Conceptualize equivalent fractions concept	 31	 41.3%

	 Conceptualize parts-to-parts relationship	 25	 33.3%

	 Conceptualize improper fractions concept	 14	 18.7%

	 Teach fractions with connections to ratios	 70	 93.3%

	 Teach ratios with connections to geometry/measurement	 29	 38.7%

	 Teach fractions with connections to geometry/measurement	 23	 30.7%

	 Teach ratios with connections to algebras 	 4	 5.3%

	 Improve engagement in mathematical investigations	 34	 45.3%

	 Embed math knowledge within fun tasks	 28	 37.3%

	 Flexibly adjust difficulty for different grade-levels	 11	 14.7%
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�When the concepts are presented separately, frac-
tions are commonly associated only with numeri-
cal equations. Now when using Mondrian designs, 
teaching fractions can be transformed with connec-
tion to geometric and proportional reasoning. I think 
that manually manipulating rectangles in the Mon-
drian designs helps students have a better under-
standing and more practice while thinking about all 
the possible sizes, number of squares and portions 
they get. If my future student finds the concept of 
fractions confusing, I can guide them do the basic 
counting of squares to obtain an answer. Now, in 
reference to the prompt visual representations, my 
students will have the freedom to explore and make 
connections with equivalent fractions as well as how 
and why to simplify fractions. 

In comparison with the traditional hands-on activi-
ties that generally feature combining parts into a whole 
and then decomposing that whole back into parts, par-
ticipants described how the Mondrian-style rectangle 
sets enabled them to move beyond individual examples 
of fractions and toward an understanding of the larg-
er abstract concept of fractions. The learning featured 
activities representing and comparing many fractions 
simultaneously, and this was one of the distinctive 
elements that facilitated students to explore fractional 
relationships. Moreover, the creative process of making 
Mondrian-style original artworks created an engag-
ing learning environment that may improve students 
interest in mathematics. One of the participants, Paula 
described her insights about the mathematics teaching 
method examined:

�Many hands-on activities like cutting and pasting as 
well as manipulatives for representing fractions do 
not give the students a whole representation. Mon-
drian designs were systematic, it was easy to follow 
and complete. I would like to say that this is the first 
time I do something like this, with my own hands. It 
enabled me to acknowledge the advanced ways that 
multiple fractions can be represented at the same 
time and how each fraction is related to the other 
fractions. It would be much easier for students to 
first activate their artistic motivation by setting up an 
enjoyable learning environment, and then to devel-
op their math and logical thinking by connecting 
art and math. This is where I can see how to guide 
my students to build their foundational knowledge 

both fraction and ratio have the concept of part and 
whole, but ratio is not restricted to the part-to-whole 
relationship all the time, it may display a part-to-part 
relationship (e.g., length vs width) as we explored in 
similar rectangles.

Likewise, another participant named Joanna shared 
her insights about the pedagogical potential from cre-
ating original Mondrian-style artwork as a method for 
learning about differences between fractions and ratios. 
Joanna stated that drawing multiple rectangles simul-
taneously within her original Mondrian-style artwork 
allowed her to see the ratios emerging among the dif-
ferent rectangles from an empirical perspective. For 
her, the most challenging part of the ratios-identifica-
tion task was the rule against making any conclusions 
based merely on appearance, as she found the require-
ment of providing mathematical evidence to be quite an 
unfamiliar approach compared to her traditional, visual 
method for addressing these types of problems. Joanna 
explained this peculiar scenario in her own words: 

�Even though I consider myself to be pretty good 
with fractions, I was stunned by observing so many 
assorted rectangles in this artwork. I was able to see 
dozens of fractional relationships across all rectan-
gles because they came directly from a whole picture 
that I could constantly compare and that engaged me 
with a clear perspective of what I was working. In a 
ratio sense, I think it is difficult because our eyes can 
be very deceiving. Especially for the rectangles that 
are slightly longer or shorter in their length/width, it 
was hard to tell whether their ratios are equivalent 
or not because our eyes can’t catch these nuances. I 
need to mathematically analyze the rectangles using 
the [grid] squares inside and relate them to each 
other by determining an even scale at which the rect-
angle either proportionally increases or decreases. 

Many participants stated that Mondrian-style rect-
angle sets offered opportunities to pedagogically con-
nect mathematics topics, especially between number 
and geometry.  Sabrina described her reflections about 
the pedagogical value of the visual supports employed, 
and how during her experience the Mondrian-style 
rectangle sets empowered her to uncover methods for 
explaining the mechanics of how fraction works, while 
also linking concepts about fractions with concepts per-
taining to geometry and proportion. Sabrina remarked:  

	 26 	 	 SONG A. AN, DANIEL A. TILLMAN, KARIME SMITH, ALYSE C. HACHEY



proportional task were provided, many of the partici-
pants were able to improve their mathematics content 
knowledge by transforming previously disconnected 
concepts into interrelated topics. 

Connections between ratios and the fractional values 
among the rectangles the participants created in their 
Mondrian-style rectangle sets enabled instructional 
insights.  Specifically, during the first task a part-to-
whole relationship was the primary focus during an 
area comparison contrasting each of the individual rect-
angles and the pre-defined reference rectangle encom-
passing six grid squares. However, in the second task, 
a part-to-part relationship was the major focus during a 
comparison of the lengths and widths within each indi-
vidual rectangle. Results from this study showed that 
most of the participants employed visual-spatial strate-
gies, such as comparing a predetermined “one whole” 
rectangle that was provided to help them formulate and 
check their fractional reasoning as they created Mon-
drian-style rectangles. Consistent with several previous 
studies (Buforn & Fernández, 2014; Hilton & Hilton, 
2018; Livy & Vale, 2011), the results also demonstrated 
that a substantial percentage of the participating pre-
service teachers were aware of the limitations to their 
own mathematics knowledge in regard to understand-
ing fractions and ratios. Post-activity reflections from 
many of the preservice teachers indicated that the visual 
supports during the instruction helped them to identify 
their own mathematical misunderstandings. Thus, in 
line with Nutov (2021), our findings also indicate that 
mathematics instruction, especially when introducing 
concepts with dissimilar symbolic representation but 
equivalent mathematical values (i.e. improper fractions 
and mixed fractions), can be effectively supplemented 
by the appropriate use of visual supports as the bridge 
to consolidate the knowledge connections. 

During data analysis, the researchers noted that 
the participants’ pedagogical knowledge for teaching 
fractions was often overly reliant on the use of math-
ematical procedures. This finding was not surprising, 
since procedural fluency is often a main focus of K-12 
math instruction, but this almost exclusive focus on pro-
cedure appears to have resulted in the impairment of 
other, deeper and more impactful approaches to engag-
ing with math topics (Ostler, 2011). As our study’s find-
ings illustrated, some of the participants learned how 
to make connections between their visual perceptions 
and the abstract mathematical concepts they will be 

of fraction, a concept which I myself had a negative 
disposition before but now became more interesting 
and engaging. 

As did Paula, a number of participants reported that 
their experiences completing the Mondrian-style task 
improved their awareness of limitations to tradition-
al fraction-teaching approaches, especially from their 
own past learning experiences. For example, instead of 
replicating how she was taught as an elementary stu-
dent, Yasmin said that she is going to change her ped-
agogy for instructing fractions to her future students. 
Yasmin noted: 

�Many teachers use one and only one representa-
tion (i.e., pizza) to teach fraction and [it] can cause 
future comprehensive conflicts when other teach-
ing approaches are used. I remember fraction being 
taught straight to the point with just one process 
to follow to get to the answer. My teachers used to 
teach us how to conduct fraction operations so we 
used to memorize the routine process but we never 
understood the why or the reason behind that. I 
never had the opportunity to develop critical think-
ing by exploring through hands-on activities like the 
Mondrian Arts activity. The Mondrian Arts activity 
helped me to realize that the same fraction can have 
different representations, yet their space occupied 
will always be the same. 

Discussion

This research study empirically examined innovative 
pedagogy that emphasized participants creating and 
using original visual artworks to support the learning 
of mathematics. The investigated mathematical tasks 
were selected to allow the researchers an opportunity 
to better understand the instructional potential for visu-
ally-based fractional and proportional representations 
during mathematics teaching. Our findings were con-
sistent with previous studies (Buforn & Fernández 2014; 
Hilton & Hilton 2018; Livy & Vale 2011) that showed 
preservice teachers were commonly underprepared for 
instructing their students on the topics of fractions and 
ratios; likewise, most of the participants in this study 
self-identified the presence of personal knowledge 
challenges when analyzing their own understanding of 
fractions and ratios. Results from this study revealed 
that when a judiciously combined fractional task and 
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responsible for teaching—and these results provide 
evidence that mathematics instruction might be more 
effective if visual supports are systematically employed 
where appropriate. Overall, the findings from this study 
suggest that elementary teacher educators and elemen-
tary teachers may best serve their students by mixing 
visual supports with their mathematics pedagogy.

Both national and state-level mathematics teaching 
standards have historically recommended exposing 
students to transdisciplinary learning opportunities 
such as finding connections between mathematics and 
the arts, as was done in this research project where-
in mathematical concepts were embodied through a 
visually-based format (National Council of Teachers 
of Mathematics, 2000, 2006). This study highlighted 
several central issues impacting the effectiveness of 
teacher education related to the teaching and learning 
of fractions and ratios. The empirical findings from 
this study demonstrated that preservice teachers could 
benefit from additional preparation at using contextu-
alized pedagogical approaches to generate high-quality 
instruction for teaching fractions and ratios effectively. 
This approach would also help to remedy any gaps in 
preservice teachers’ content knowledge about fractions 
and how they are related with ratios and proportions.  

Mondrian-style rectangle sets have distinctively 
embedded geometrical and proportional components, 
which can offer classroom teachers a convenient and 
comprehensive teaching resource for enabling students 
to explore complex proportional relationships within 
fractions and ratios by using visual supports. Generating 
Mondrian-style rectangle sets by directing the creative 
placement of horizontal and vertical lines can result in a 
mathematical learning resource that effectively utilizes 
the art creation and appreciation processes. The excep-
tionally structured and geometrical nature of Mondri-
an-style art can enable a lush pedagogical context for 
investigating the differences and similarities between 
fractions and ratios, assisting both students and their 
teachers (Weiland et al., 2021). So that the instructional 
approach described in this study might become inclu-
sive of teaching other mathematical topics in addition 
to ratios and fractions, the current paper concludes by 
encouraging further research systematically examining 
the pedagogical potential and challenges pertaining to 
the use of visual supports as an effective supplement for 
teaching K-12 mathematics.

	 28 	 	 SONG A. AN, DANIEL A. TILLMAN, KARIME SMITH, ALYSE C. HACHEY



Hattwig, D., Bussert, K., Medaille, A., & Burgess, 
J. (2013). Visual literacy standards in higher 
education: New opportunities for libraries and 
student learning. portal: Libraries and the Academy, 
13(1), 61-89.

Hecht, S. A., & Vagi, K. J. (2010). Sources of group and 
individual differences in emerging fraction skills. 
Journal of Educational Psychology, 102(4), 843-859.

Hilton, A., & Hilton, G. (2018). A string number line 
lesson sequence to promote students' relative 
thinking and understanding of scale, key elements 
of proportional reasoning. Australian Primary 
Mathematics Classroom, 23(1), 13-18.

Hilton, A., Hilton, G., Dole, S., & Goos, M. (2016). 
Promoting middle school students’ proportional 
reasoning skills through an ongoing professional 
development programme for teachers. Educational 
Studies in Mathematics, 92(2), 193-219.

Honey, M., Pearson, G., & Schweingruber, A. (2014). 
STEM integration in K-12 education: status, prospects, 
and an agenda for research. Washington: National 
Academies Press.

Kilpatrick, J., Swafford, J., & Findell, B. (Eds.). (2001). 
Adding it up. Helping children learn mathematics. 
National Academy Press.

Kleiner, F. S., Tansey, R. (1996). Gardner’s art through 
the ages (10th ed.). Cengage Learning.

Koellner‐Clark, K., & Lesh, R. (2003). Whodunit? 
Exploring proportional reasoning through the 
footprint problem. School Science and Mathematics, 
103(2), 92-98.

Krause, J. (2004). Design basics index. Cincinnati, OH: 
How Design Books.

Jeong, Y., Levine, S. C., & Huttenlocher, J. (2007). The 
development of proportional reasoning: Effect of 
continuous versus discrete quantities. Journal of 
Cognition and Development, 8(2), 237-256.

Johnston, E., & Ward, E. K. (2018). Mondrian math: 
An artful exploration of area and perimeter. Ohio 
Journal of School Mathematics, 78(1).

Lamon, S. J. (2012). Teaching fractions and ratios for 
understanding: Essential content knowledge and 
instructional strategies for teachers. New York, NY: 
Routledge.

Brezovnik, A. (2015). The benefits of fine art 
integration into mathematics in primary school. 
CEPS Journal, 5(3), 11-32.

Burton, J. M., Horowitz, R., & Abeles, H. (2000). 
Learning in and through the arts: The question of 
transfer. Studies in Art Education, 41(3), 228-257.

Corbin, J. & Strauss, A. (2008). Basics of qualitative 
research: Techniques and procedures for developing 
grounded theory. London: Sage.

Dana-Picard, T., & Hershkovitz, S. (2019). Geometrical 
features of a Jewish monument: study with a DGS. 
Journal of Mathematics and the Arts, 13(1-2), 60-71.

Dietiker, L. (2015). What mathematics education can 
learn from art: The assumptions, values, and vision 
of mathematics education. Journal of Education, 
195(1), 1-10.

Djamasbi, S., Siegel, M., Skorinko, J., & Tullis, T. 
(2011). Online viewing and aesthetic preferences 
of generation y and the baby boom generation: 
Testing user web site experience through eye 
tracking. International Journal of Electronic Commerce, 
15(4), 121-158.

Dollard, C. (2011). Preservice elementary teachers and 
the fundamentals of probability. Statistics Education 
Research Journal, 10(2), 27-47.

Efland, A. D. (2003). Changing conceptions of human 
development and its role in teaching the visual 
arts. Visual Arts Research, 29(57), 54-68.

Fielding-Wells, J., Dole, S., & Makar, K. (2014). Inquiry 
pedagogy to promote emerging proportional 
reasoning in primary students. Mathematics 
Education Research Journal, 26(1), 47-77.

Friel, S. N., Curcio, F. R., & Bright, G. W. (2001). 
Making sense of graphs: Critical factors influencing 
comprehension and instructional implications. 
Journal for Research in Mathematics Education, 32(2), 
124-158.

Guyotte, K. W., Sochacka, N. W., Costantino, T. 
E., Walther, J., & Kellam, N. N. (2014). STEAM 
as social practice: Cultivating creativity in 
transdisciplinary spaces. Art Education, 67(6), 12-19.

Hamilton, J. W. (2001). “Nothing specific, nothing 
human”: The life and work of Piet Mondrian. The 
Psychoanalytic Review, 88(3), 337-367.

	   	 	 29 
	
	 PRESERVICE TEACHERS’ REFLECTIONS ON THE USE OF VISUAL SUPPORTS TO IMPROVE   		  
	 MATHEMATICS PEDAGOGY: A CASE STUDY OF FRACTION AND RATIO



Ostler, E. (2011). Teaching adaptive and strategic 
reasoning through formula derivation: Beyond 
formal semiotics. International Journal of 
Mathematics Science Education, 4(2), 16-26.

Rellensmann, J., Schukajlow, S., & Leopold, C. (2017). 
Make a drawing: Effects of strategic knowledge, 
drawing accuracy, and type of drawing on 
students’ mathematical modelling performance. 
Educational Studies in Mathematics, 95(1), 53-78.

Reys, R., Lindquist, M., Lambdin, D. V., & Smith, N. 
L. (2014). Helping children learn mathematics. John 
Wiley & Sons.

Rose, G. (2012). Visual methodologies: An introduction to 
researching with visual materials (3rd ed.). Sage.

Schneider, M., & Siegler, R. S. (2010). Representations 
of the magnitudes of fractions. Journal of 
Experimental Psychology: Human Perception and 
Performance, 36(5), 1227-1238.

Smithrim, K., & Upitis, R. (2005). Learning through the 
arts: Lessons of engagement. Canadian Journal of 
Education, 28, 1, 109-127.

Stylianou, D. A., & Silver, E. A. (2004). The role of 
visual representations in advanced mathematical 
problem solving: An examination of expert-novice 
similarities and differences. Mathematical Thinking 
and Learning, 6(4), 353-387.

Visual Literacy Standards Task Force (2011, October). 
ACRL visual literacy competency standards for higher 
education. http://www.ala.org/acrl/standards/
visualliteracy

Weiland, T., Orrill, C. H., Nagar, G. G., Brown, R. E., & 
Burke, J. (2021). Framing a robust understanding 
of proportional reasoning for teachers. Journal of 
Mathematics Teacher Education, 24(2), 179-202.

Lamon, S. J. (2007). Rational numbers and proportional 
reasoning: Toward a theoretical framework for 
research. In F. K. Lester Jr. (Ed.), Second handbook of 
research on mathematics teaching and learning (Vol. 1, 
pp. 629-667). Charlotte, NC: Information Age.

Latto, R., Brain, D., & Kelly, B. (2000). An oblique effect 
in aesthetics: Homage to Mondrian (1872-1944). 
Perception, 29(8), 981-987.

Leborg, C. (2006). Visual Grammar: A Design Handbook 
(Visual Design Book for Designers, Book on Visual 
Communication). Princeton Architectural Press.

Livy, S., & Vale, C. (2011). First year pre-service 
teachers' mathematical content knowledge: 
Methods of solution to a ratio question. 
Mathematics Teacher Education and Development, 
13(2), 22-43.

Locher, P., Overbeeke, K., & Stappers, P. J. (2005). 
Spatial balance of color triads in the abstract art of 
Piet Mondrian. Perception, 34(2), 169-189.

Marshall, J. (2014). Transdisciplinarity and art 
integration: Toward a new understanding of art-
based learning across the curriculum. Studies in Art 
Education, 55(2), 104-127.

Misailidou, C., & Williams, J. (2003). Children's 
proportional reasoning and tendency for an 
additive strategy: the role of models. Research in 
Mathematics Education, 5(1), 215-247.

National Council of Teachers of Mathematics. (2000). 
Principles and standards for school mathematics. 
Reston, VA: NCTM. 

National Council of Teachers of Mathematics. (2006). 
Curriculum focal points for prekindergarten through 
grade 8 mathematics: A quest for coherence. Reston, 
VA: NCTM. 

National Mathematics Advisory Panel. (2008). 
Foundations for success: The final report of the National 
Mathematics Advisory Panel. Washington, DC: U.S. 
Department of Education. 

Nutov, L. (2021). Integrating visual arts into the 
mathematics curriculum: The case of pre-service 
teachers.  Teaching and Teacher Education, 97, 1-11.

	 30 	 	 SONG A. AN, DANIEL A. TILLMAN, KARIME SMITH, ALYSE C. HACHEY


