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Abstract 
This paper presents a mixed methods study which whose aim objective was to learn about a possible contribution of art to the understanding of mathematical concepts learned in the online asynchronous course “When Mmathematics Mmeets aArt”. The math concepts were tessellations, zero and infinity, golden sections, spatial vision, dimension and self- similarity. The research sample consisted of 130 pre-service math teachers who submitted 20 different assignments built constructed to reflect the math knowledge. The assignments were graded based on a pre-designed rubric. The results suggest that there is a positive and significant partial overlap between math and art assessments (r = .25, p <.01). The math-art connection is innovative, intriguing, fun and inspiring;, however the online learning, however, is challengingremains a challenge. 

Why STEAM in Online Course in Pre-service Teachers’ Education Courses?
Science, Technologytechnology, Engineering engineering and Mathematics mathematics (STEM) tremendously effect appear everywhere in our everyday day-to-day livfes. therefore pPoliticians, educators, scholars and even businessmen, therefore, try have been seeking to improve STEM (Science, Technology, Engineering and Mathematics) education and make making it accessible for to everyone. In the last 10 yearsdecade, the contribution of arts to STEM has becaome obvious; thus today, therefor today, STEAM (Science, Technology, Engineering, Art and Mathematics) is becoming a more common practice at every level of education: --  at elementary school (e.g.  [19],[214]), at high school (e.g. [37], [415]) and at higher education (e.g. [513], [611]). 	Comment by Yael Bier: למה נחוץ ה-e.g.?	Comment by Yael Bier: כנ"ל, ובהמשך
The funs name various benefits of to the integrating integration of arts into STEM. In particular, it because it encourages learners: to develop critical and creative ways of thinking while seeking for various solutions for to questions, problems and  / natural phenomenona / question; to look for multiple solutions and not to practice known rules algorithms; to develop the ability of to bridging e different areas of knowledge by  and transferringring knowledge from one field to another; to function and to exist live within a situation of uncertainty and an inaccurate definition of the phenomenonevents under investigation; to pay attention to the smallest finest details that can ultimately make a big difference in the outcome; to learn and to find expression in forms more complex forms than words and numbers; to think through and with a given material; to experience through senses that cannot be reached in any other way except other than the arts; to adapting to different learning styles (e.g, [716], [83]). 	Comment by Yael Bier: אין לי מושג מה הכוונה	Comment by Yael Bier: לא מכירה את הביטוי (או שאין כזה) ולא מבינה בדיוק את הכוונה -- אולי not to blindly follow already-known approaches?	Comment by Yael Bier: לא מבינה מה הכוונה
Along with the many benefits of STEAM, there are challenges that must be considered. Teachers who want wish to adopt this teaching approach need tomust have content knowledge and professional security not only in teaching STEM but also in artthe arts, which requires more extensive preparation [96]. Oreck [1010] points out another challenge -- the implementation of STEAM by policymakers places stress pressure on teachers feel from policymakers while implementing STEAM - with expectations ofto immediate increase in student achievements, immediately, and at the same timewhile at the same time teachers' creativity and autonomy is suppressed by requiring adherence to established curricula.	Comment by Yael Bier: לא מבינה מה הכוונה -- מדובר על ביטחון עצמי או מה?	Comment by Yael Bier: האם הכוונה לעבודת הכנה כשמורה מכין שיעור, או האם הכוונה רקע לימודי?
Another growing educational trend that expands in education is online learning in various settings. The supporters of this educational style (e.g. [118]) claim that among its benefits are: the applicationdevelopment of learning skills required in the 21st century, that is,y whereby the learner is requiredmust to develop an independent learning a capacity for independent learning together in addition towith the ability to study group studyin a group; learner identification of reliable sources of information from what is available online; accessibility of higher education to people who cannot reach university’s facilities (e.g. living away from the institutionremote geographical distance, confinementd to home or hospital, non-flexible work hours, etc.); introduction of a variety of teaching methods (e.g. video integration, reading articles, online practice with instant feedback, etc.). Aloneg with the advantages of online learning there are considerable challenges, like such as social isolation loneliness of the learner; insufficient communication with the instructor; difficulty in receiving immediate assistance that may be required by the learner needs [12]. Online education does not suits everyone. Benson and Samrakirama [142] emphasize the importance of seniority in a higher education: freshmen need more a closer relationship with the instructor and less autonomy in the learning process. This point should be considered when designing an online course especially in particular for pre-service elementary school mathematics teachers;, as some of them may develop mathematics math anxiety [1]. [13].	Comment by Yael Bier: הבנתי נכון?	Comment by Yael Bier: נראה לי מיותר אא"כ לא הבנתי -- מה זה אמור להוסיף?
To meet the needs of STEAM education with all its advantages and challenges, it is important to prepare teachers who so that they can bridge  between the traditional education and with an interdisciplinary approach that includes the arts. They have mustto experience it before implementing it. These principals guided me when I designedin designing a the course named “When Mmathematics Mmeets Aart”.   	Comment by Yael Bier: לא ברור אם התכוונת רק מורים שמסוגלים לגשר, או להכין מורים כדי שיוכלו לגשר. חשבתי שהכוונה היא ב (כדי...) למרות הכתוב (who can).
    
When Mathematics Meets Art
The course “When Mmathematics Mmeets Aart” was offered for the first time in the fall of 2017, at Gordon Educational College in, Israel for pre-service elementary school teachers whose major ismajoring in both in mathematics and science or both inin  mathematics and special education. It is an online asynchronous semester-long course and it runs for one semester, i.e. for 14 weeks. The objectives of the course are: expanding students's' mathematical knowledge; executing a small-scale math inquiry task; creating a community of learners; applying mathematical concepts in to daily life, natural phenomena occurences and art. The course consists of six mathematical math topics in the presented chronologicalin the following order: tessellations, zero and infinity (in calculating the context of calculating area and perimeter), ), golden sections, spatial vision (focusing on impossible shapesfigures), dimension and self- similarity. Mathematical The topics of the course were chosen selected usingaccording to three criteria with respect in relation to the elementary school curriculum: To to deepen the students' mathematical knowledge of the topics included in the curriculum (zero and infinitye, spatial vision); cConcepts that are mentioned in the curriculum but are not studied in depth (dimension and self-similarity); cConcepts that are not taught in the curriculum but have a strong connectionare tightly coupled with to both mathematics and art (tessellations and the golden section).
The course is was designed on the Moodle platform and consists of six units, one unit for each mathematical concept mentioned as indicated above. The following are the student requirements for At the each of the course units students are required: (1)  To takeStudents take part in a forum discussion or to answer a survey.  – tThese tasks are designed to check their prior knowledge (15% of the course final scoregrade;, the students are graded for participation and not for knowledge); (2) Students To study the mathematical concept theoretically by through a specially prepared video,  or an article or a power pointPowerPoint presentation., They then to apply their acquired knowledge by solving exercises or to carrying out an inquiry activitytask.  and fFinally to they check their knowledge by through a short online test (the grade for the tests istest score is 20% of the course final scoregrade); (3) To Students contribute an artwork (it need not be original) to an online cooperative gallery – original or not original (9% of the final gradecourse score); (4) A To do a course final testfinal exam (56% of the course final scorefinal grade).

	Students Math and Art Assignments
Mathematical assignments were designed according based onto students’ prior knowledge of the students and the mathematical depth that could be achieved in the course. According Due to limited space considerationsto space limitation, I have chosen to present an example of a task, whichthat focuses on zero and infinity. Students are familiar with the mathematical properties of zero and know the concept of infinity, as well as the concepts area and perimeter. The purpose of this inquiry task is to show them the fascinating encounter between zero and infinity in one object -- Koch's Island (Figure 1).
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	Figure 1: The Koch Island Fractal
Answer the following questions for a given Koch Island:
1. If the length of the side of the square side atin sStep 0 is 1 cm long, what is the perimeter of the Koch’ Island at in Sstep 1? Step 2? Step 3? Step n?
2. If the length of the side of the square side atin S step 0 is 1 cm long, what is the area of the figure that appears atin sStep 1? Step 2? Step 3? Step n?
3. Try to find examples of other planar figures where area and perimeter relations are ofhave the same nature as in the Koch’ Island.
Art assignment. The instruction for each art contribution gallery was: “Upload an original artwork (or the artwork of an artist) that will expresses your interpretation of the math concept studied. Add one short sentence that explainsing your choice”. Although the art assignment was the smallest part of the course grade, there weremany students that invested a great deal of effort in it. Following are five representative original artworks (Figure 2):
	  [image: https://imgglb.padletcdn.com/v13/image?t=a_exif,c_limit,dpr_1.0,h_865,w_1078&url=https%3A%2F%2Fpadletuploads.blob.core.windows.net%2Fprod%2F237805263%2Fc84b403b57feb00320768423685cee6d%2F739D6DD3_7A98_4EE7_81EA_E765457D4AB5.jpeg]
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Figure 2: Students' original art: (a) Student 1:Escher -style tessellations, (b) Student 2: Dimension, (c) Student 3: Golden ratio, (d) Student 4: Zero and infinity, (e) Student 5: Impossible gate 

Does Art Contribute to the Understanding of Mathematical Concepts?
To answer the question in the heading above in the title, explanatory design research was found the most suitable approach from among the mixed methods research strategies [5] an explanatory design research was found the most suitable [15]. At In the first phase of the researchstudy, the quantitative data was collected and analyzed. At In the second phase, the quantitative data was interpreted by the qualitative data. In this mannerThis way the advantages of the two research paradigms are exploited;: U using a quantitative method, one can examine the relationship between variables, while and the qualitative method can supplyies the participants' interpretation of the quantitative findings.
The research questions are: (a) Does artworks contribute to students’ understanding of the mathematical concepts? (b) What is the essence of the contribution of artworks to students’ understanding of mathematical concepts? (c) What are the advantages and challenges of learning mathematics in combination with art in an online course?
The research tools used: Online tests: At the end of each unit, the students did executed an online test, which was designed to check examine their the mathematical knowledge gainedacquired. The students had were allowed two trials attempts to answer the test. They could see their grade only after the second submission. The text test grade was the highest higher grade between the two trailsof the two. The test was checked automatically checked according based onto pre-determined criteria.
	Collaborative galleries: The unit gallery consisted of the student art contributions made by students. The students could choose to contribute an artwork (original or not original) with a short explanation of how the mathematical concept being under study in the unit is expressed in it. Students could may comment on the ir colleagues' contributions of their colleagues  or/and to addand may indicate  `'like`'. To create cooperative art galleries the The Padlet website was chosenselected for the cooperative art galleries.
Semi-structured interviews with students: An interview guide was designed for this purpose. On the course website, the students were asked to volunteer for an interview. There were 8 interviews in total,  which took place in at the colleage and lasted between 30 minutes to about an hour30-60 minutes. 
Course evaluations: At the end of each unit, students could voluntarily fill in an online survey which that referred to the math tasks, the virtual gallery and the contribution of artworks to learning the mathematical concept presented at in that unit. A total of 101 responses were collected for the first four units (42 for tessellation survey, 23 for zero and infinity survey, 24 for golden section survey and 12 for spatial vision survey). 
Data analysis: The quantitative data was statistically analyzed and an attempt was made to find a connectionlink between the math content (online tests) and the artworks. The qualitative data (interviews and online survey) was analyzed according byto the Strauss-Corbin method [146]: at the first stage, each of the interviews was analyzed in order to identify central and secondary themes. At the second stage of the analysis, an attempt was made to identify links between among the different categories and, to define major categories and sub-categories. In the final stage of the analysis, I an tried attempt was made to link the quantitative and qualitative findings.

The Results
This section presents preliminary results of the study (not all data is available yet, since as the course is still ongoing, endingends  inat February 2018). In this mixed methods researchstudy, the quantitative data was the students’ grades scores ofon the online math tests and artworks; the qualitative data was semi-structured interviews and students’ course evaluations. Table 1 summarizes student grades of four course units (now already available now out offrom the six existing). The grades are presented in the chronological order in which the units were taught. The math tests grades point outindicate that the chronological order of the units can be correlatedrelated to with the complexity of the mathematical concepts. The artwork grades encapsulate show a different picture: on the one hand, the number of students that who did not submit any artwork is growingincreases with time -- from 13 at in the first unit to 29 at in the last one. On the other hand, the biggest largest number of original artwork was submitted at in the first unit, but most of themse (97/130) was were of low poor quality (the heighest grade for this group was 70/10070%). As the course progressed, the quality of the artworks got higher improved but the number of original artworks submitted got lower declined. It is interesting to note that the average grade for the artworks was quite stable; it ranged from 70 to 75, with the exception for of the first unit.

Table 1:  Descriptive Sstatistics of the grades in online tests and artwork.
	
	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Tessellations test 
	130
	0
	9
	9.15
	3.331

	Tessellations artwork 
	130
	0
	10
	6.11
	2.537

	Zero and infinity test 
	130
	0
	10
	9.07
	1.753

	Zero and infinity artwork 
	130
	0
	10
	7.63
	2.998

	Golden section test 
	130
	0
	10
	8.12
	2.006

	Golden section artwork
	130
	0
	10
	7.22
	3.177

	Spatial vision test 
	130
	0
	10
	7.08
	2.279

	Spatial vision artwork
	130
	0
	10
	7.50
	3.474


The next step to definefor defining the possible contribution of art contribution to students’ understanding of mathematical concepts was to calculate Pearson correlations for the online math tests and the artworks. Table 2 summarizes  the data analyseis.  

Table 2:  Correlations for the Oonline tTests and the Aartworks.
	
	TT
	TTA
	ZIT
	ZIA
	GST
	GSA
	SVT
	SVA

	
TT
	Pearson Cor.
Sig. (1-tailed)
N
	1

130
	-0.79
.185
130
	-.349**
.000
130
	.032
.360
130
	-.255**
.002
130
	-.007
.467
130
	-.238**
.003
130
	-.001
.494
130

	
TA
	Pearson Cor.
Sig. (1-tailed)
N
	
	1

130
	.283**
.001
130
	.230**
.004
130
	.229**
.004
130
	.482**
.000
130
	.176*
.023
130
	.343**
.000
130

	ZIT
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	1

130
	.236**
.003
130
	.668**
.000
130
	.231**
.004
130
	.507**
.000
130
	.294**
.000
130

	ZIA
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	
	1

130
	.211**
.008
130
	.190*
.015
130
	.138
.059
130
	.161*
.033
130

	GST
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	
	
	1

130
	.336**
.000
130
	.584**
.000
130
	.294**
.000
130

	GSA
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	
	
	
	1

130
	.183*
.019
130
	.217**
.006
130

	SVT
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	
	
	
	
	1
130
	.438**
.000
130

	SVA
	Pearson Cor.
Sig. (1-tailed)
N
	
	
	
	
	
	
	
	1

130

	* Correlation is significant at the 0.05 level (1-tailed).
** Correlation is significant at the 0.01 level (1-tailed).

The assignments in the tableAbbreviations: Tessellations math test (TT); Tessellations artwork (TA); Zero and infinity math test (ZIT); Zero and infinity artwork (ZIA); Golden section math test (GST); Golden section artwork (GSA); Spatial vision math test (SVT); Spatial vision artwork (SVT).



The grades of the online math test for tessellations stand out in Table 2 – the Pearson’s correlation is connected negatively correlated with all the other math tests and it is zero, or almost near zero, with different artworks. This phenomenon may have at least four explanationsFour possible explanations for this are: (1) Beginner's adjustment -- Tthis unit was the first in the online math course and students are were not used yet accustomed to this kind of learning. (2) The sStudents’ learning habits: -- at by this point in the school year, most of themstudents had not yet did not succeed to o organized a community of learners (both of these hypnotizes hypotheses will be discussed latter). (3) The students are unfamiliarLack of familiarity with this maththe topic – this topic is not included in any school or college curriculum. (4) The bBeginning of the school year:semester -- the students can may join or drop the course during the first two weeks of the semester. However, Each of these possible explanations should be explored in more depth, after all data will beis available. It is alsoWhat is also noteworthy to note is that the tessellation artworks are positively correlated to all other variables.    
The data in Table 1 points out that in three out of four units (ZIA, GRT and SVT) there are significant positive correlations between the artworks and the math knowledge. Moreover, in these same three units, there is significant positive correlation  between online math tesxts and artworks of these three units there is a significand and positive connection. That is, it is possible reasonable to postulate to suppose that the artworks helps students to understand the mathematical concepts. To verify this conclusion, a single index of all mathematics math tesxts (that is, scores for all four mathematicalmath texsts) was calculated, as well as for artwork;s - both indices showed reliability of Cronbach alpha: α=0.60 and α=0.63, which is a reasonably good result. A positive correlation of r = .25, p <.01 was found between the two indices. This result suggests that there is a positive and significant partial overlap between the two worlds, the mathematics and the art worldss, there is a positive and significant partial overlap,; which in what follows we refer to this as  will be referred to as ‘math-art land’. in what follows.
The qualitative data analysis raised outcome may be presented in three main categories: (a) the math-art land is innovative, intriguing, fun and inspiring; (b) math and art contributes to each one another; (c) the challenges of the online learning. 
The mMath-art land is innovative, intriguing, fun and inspiring. The innovation of the course was expressed in few several ways: the link between math and art, and learning math as an online course. Here is how one of the students described her thoughts about the math-art land:
This is amazing. The math-art connections was a new experience for me. I never thought about it in this way. It showed me a new way to look at math. The art gave me a comprehensive, spatial vision on the math topic… it was beyond everything anything I knew… it was an eye opener. [anonymous survey]. (פותח חשיבה, מרחיב ראיה)  
	The words describing  the math-art land -- “fun, enjoy, interesting, fascinating” appeared more than 60 times in the four relevant surveys. In her interview, Laura (שם בדויnot her real name) expressed her curiosity about the artworks:
I am checkingcheck the course site every day, sometimes even twice a day. I check out what what'sis new and look to see whether or not the artworks the students putpost, meet your demandsrequirements or not. Some of them really do meet the demands requirements and some do not. Nevertheless, I am interested infind all the artwork interestings.
Other Another student, Moran, described her motivation to explore the math-art land by saying: עפתי על זהIt blew me away. I simply sat down and drew.. ישבתי. ציירתי
Most of the students do not have any prior art education therefore it was only natural that the relationship between mathematical complexity will would be inversely proportional to a the number of original artworks. Natalyie tell describesabout her own experience:  
At first, I tried to draw an original artwork for the golden ratio but it was too hard. I tried to draw the sunflower;, it didn't  not work out, and so I uploaded something from the iInternet. It was simpler.
Orly talkedold about her motivation to contribute an original artwork to the gallery. Although she cannot draw well, she asked her brother to do it for her.  and wWhen he became toohen he was busy to help her,, she spend took the time looking to look for artwork, which did not already appear on the site. 
First, by my brother draw drew a picture for me and then he did not have any more time anymorfor ite. So I looked at what girls uploaded at to the gallery and I sawthen found a few pictures I wanted to upload. I wanted something original so I searched for pictures with the golden ratio… And then, I sat down and checked where the golden ratio was in the picture ... only then I uploaded the picture on to the gallery..
Some students liked the math-art land concept and take would like to use theit as a model for their futurein their own carriercareer:
I like the concept. It is good to teach kids some math and then to ask them to draw it. They like drawing. 
The students pointed out the mutual reciprocal contribution of math and art to their learning: the artworks helped them to understand math concepts, and the math concepts triggered their artworks. Here is how Anat experienced the contribution of artwork contribution to her mathematical understanding: “The artwork explained the measurements and it helped me to implement what I learned”. Another student wrote in the survey: 
I did not create an original artwork in the Escher style but it seems to me as a great exercise to implement and to practice everything we are learning in this unit.
Marry, whose hobby is drawing, described the math contribution of math to her artworks:
It helped me to formulate the idea and the way to draw it ... I was thinking about the relationship between mathematics and the picture I am drawing... math inspired me to draw unconventional pictures. [tThis student draw drew “The impossible gate” Figure 2b].
Most of the students had hard timefound it difficult to express wording the contribution of the artwork verballys contribution, but they felt sensed it. Here is one representative excerpt:
Of course the artworks helps to understand math but I don’t know how to exactly to explain it. I just feel it does helps. 
Challenges of the online math course. All the students pointed out that it was their first asynchronous online math course. Here is a typical respondse: “We are used to learning math in a traditional way and suddenly you come and everything is online…” Some of them have had online courses before but they did not like this way of learning: “I am generally against online courses”. Most of them found the experience as frustrating: “This is the first time we are learning mathematics online and it is difficult. It is frustrating...”. Susan asked me at the interview to write down her words verbatimeach word:  
Please, write down: Math is not suitable for online learning online. I need to see the teacher's eyes, the teacher's face when he explains, because usually the faceial expressions hold hints… the teacher pointing out some direction…
Some of the students are feeling great stresspressure to have obtain high grades because they plan to do go for a Master's degreeM.A. and they have to havewhich requires an average grade overabove 85. Their anxiety related to grades fear for the high average grade serves as a barrier; as a result they don't dare denying them to dare and to to experience meaningful learning. Here is a very honest and moving excerpt from Susan’s interview: 
… and if my answer will be wrong? Sometimes I feel like I have an angel and a devil sitting on my shoulders., oOne says: "Say what you think!" And the other says: "And if it will not be good?" Do you understand what I am saying? I am afraid to haveof getting low grades. There is nothing that can be to dodone about it it, Liora --, no matter how you will look at the situation, this is the world we are living in. Grades --- this isthat's what the college life is all about. This is what the academic institution is all about.
To overcome the challenges of online learning, many of the students formulated formed a community of learners – they are meetingget together and learning together the mathematical concepts in a group, helping each other to doperform the inquiry tasks and even are doing together take the online tests together. Moran states describes her way of learning online:   
I can not learn alone. I joined a group and we all study all together. I have to study with someone. We sit and do online tests and inquiry tasks together. This is the way I learn. 

Summary and Conclusions
The research aims objectives were to examine a the possible contribution of arts to students’ understanding of the mathematical concepts, and to explore the math-art land, as well as to identify the challenges of learning mathematics in combination with art in an online course. The preliminary research results confirm the assumption hypothesis that there is a possible overlap between math and art, which is inspired by the a mathematical concept. This overlap, the math-art land, can help students to deepen their mathematical ability to solve a given assignment or to do perform an inquiry task; it can also  as well as it can help them to develop mathematical intuition, since art enables expressions that are is beyond words and numbers [83]. 

[bookmark: _GoBack]I believe that the math-art land holds a biggreat potential for math education, particularly at the elementary school level. As a lecturer at an educational college, I see it as my responsibility to expose the pre-service teachers to STEAM as well as to online learning. In that spirit, 	my future plans are to complete the data analysis as soon as the course ends and to verify the preliminary results. In addition, I am planning to organize an exhibition of the students’ original artworks  of the students and to study its impact on all the entire Mathematics Ddepartment -- among both, students and staff. 
	The course “When Mathematics Meets Art” is a new online course and the research results point out a several directions to improve the course so that it can could meet more precisely students’ needs more precisely. The questions I will think considerabout are:   
- What previous math knowledge do students need to lower stress pressure and what are the best ways to provide it?
- How to keep can students the enthusiasm of the students be retained throughout the semester so that the math-art land will stay retains relevant, fresh relevance and vitality and it will have a significant contribution to their learning journey? 
- Original student artwork versus artists’ professional artwork: what which is more beneficial for students learning?
- How to combine related artworks in online math tests so the that both components, -- math and art, -- will beare equally important?
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