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MATHEMATICS-ANXIETY STUDENTS’ REASONS AND FEELINGS WHEN
CHOOSING TO SOLVE PARTICULAR PROBLEMS
Kai Kow Joseph YEO
National Institute of Education, Nanyang Technological University
From many research studies, it was observed that mathematics anxiety is a subset of mathematics
attitudes (Schoenfeld, 1985). Mathematics anxiety, described as a fear or state of discomfort when
faced with mathematics tasks/problems (Hembree, 1990; Hoffman, 2010), is widely accepted as an
issue in mathematics education that can hinder the true ability of students. As part of a study on
Mathematics Anxiety and Problem Solving this paper examines only one feature related to it; namely
mathematics-anxiety students and their choice of problems to solve. Students were asked to rank the
order in which they would choose to solve three given problems. They also had to state the reasons
and describe their feelings that directed their ranking. Significant differences in feelings were noted
with regards to the rank order of the problems they chose to solve.
INTRODUCTION
Attitude is one of the five components underpinning the framework of the Singapore Mathematics
Curriculum. For instance, students are encouraged to have interests and perseverance to solve
problems using mathematics (Ministry of Education, 2018, p.S2-8). However, achieving these
objectives is not an easy endeavor, as these goals tend to disagree with each other in practice (Lim,
2002). Students who have mathematics anxiety usually arises from a lack of self-confidence when
working in mathematical tasks. Since many mathematics tasks, especially at the secondary (middle)
school level are complex, involving multiple-responses, anxiety can be “over-roused” and debilitating
especially among low achievers. Moreover, the affective and attitudinal profile of students either helps
or hinders them from exploring the problem situation further (Perkins, Hancock, Hobbs, Martin, &
Simmons, 1986). Furthermore, research on Asian students related to mathematics anxiety is scarce as
the majority of the studies are conducted in the United States (Ho, Senturk, Lam, Zimmer, Hong,
Okamoto, Chiu, Nakazawa, & Wang, 2000). In addition, most researchers had worked with secondary
school (10th, 11th, and 12th graders) or college students, rather than those in the lower grades
(Wigfield & Meece, 1988). Therefore, the present study seeks to explore mathematics-anxiety
secondary two (13 to 14 old years old) students’ reasons and feelings with regard to choices of
problems.
MATHEMATICS ANXIETY
From many research studies, it was observed that mathematics anxiety is a subset of mathematics
attitudes (Schoenfeld, 1985). However, McLeod (1992) cautioned that the term attitude “does not
seem adequate to describe some of the more intense feelings that students exhibit in mathematics
classrooms” (p. 576), such as anxiety, confidence, frustration and satisfaction. Mathematics anxiety
can take multidimensional forms including for example, dislike (an attitudinal element), worry (a
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cognitive element) and fear (an emotional element) (Bessant, 1995; Hart, 1989; Wigfield & Meece,
1988). Fennema and Sherman (1978) referred to mathematics anxiety as feelings of anxiety, dread,
nervousness and associated bodily symptoms related to doing mathematics. Hembree (1990) broadly
defined mathematics anxiety as being in a state of emotion underpinned by traits of fear and dread.
According to Ashcraft (2002), mathematics anxiety can be defined as “a feeling of tension,
apprehension, or fear that interferes with math performance” (p. 181). More recently, Whyte and
Anthony (2012) explain mathematics anxiety as the actual situational stress experienced that is specific
to personally stressful or fearful circumstances. This was supported by McLeod (1988) who indicated
that “when students are engaged in trying to solve a non-routine mathematical problem, they often
express a lot of emotion. If they work on the problem over an extended period, the emotional responses
may become quite intense, especially for the inexperienced problem solver.” (p.134). In addition, an
anxious student who comes across a problem that is difficult, tends to give up easily, believing that a
large amount of time spent on rereading and reformulating will not make the problem more
understandable (Foong, 1999; Tobias, 1993). For instance, panic and anxiety may stir up if an
individual who comes across a problem with no ready answer and he or she appears to have abandoned
all hopes of solving the problem on their own. The affective element seems to have its greatest negative
impact on them.
THE STUDY
Subjects, Instrument and Procedure
As part of a larger study on mathematics anxiety and problem solving of 621 secondary two (13 to 14
old years old) students in Singapore, Fennema-Sherman Mathematics Anxiety Scale (Fennema &
Sherman, 1978) was administered to these students. From these 621 students, 112 high mathematicsanxiety students were selected from among the top scoring 20% of the students on the mathematics
anxiety score. The paper and pencil instrument, “Choice of Problems” consisted of six questions based
on the three problems, was administrated to these 112 high mathematics-anxiety students. Students
were asked to rank the order in which they would choose to solve three given problems. They also had
to state the reasons and describe their feelings that directed their ranking. The three problems: Time
problem, Cat and Rabbit problem as well as Number problem, were assembled from various sources
(Baroody, 1993, Stacey and Southwell,1996 & Fong, 1994).
The Three Problems
Time Problem - Miss Lee arrived at the concert hall 15 minutes before a concert began. However, due
to some technical problems, the concert started 10 minutes later. The whole concert lasted for 2 hours
25 minutes. It was 10.30 pm when Miss Lee left the concert hall. At what time did Miss Lee arrive at
the concert hall? Show all your working and explain it.
Cat and Rabbit Problem - A cat is chasing a rabbit. They are 160 metres apart. For every 9 metres
that the cat runs, the rabbit jumps 7 metres. How much further must the cat run in order to overtake
the rabbit? Show all your working and explain it.
Number Problem - The sum of two numbers is 36 and their difference is 12. Find the two numbers.
Show all your working and explain it.
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The Six Questions
You do not have to solve the problems now. Just read the three problems and say which one would
you like to solve first, if you had to solve them some other time.
1. Which problem would you choose first?
2. Why is that so? (Give at least three reasons.)
3. Describe how do you feel about solving this type of problem that you have chosen to solve it first?
You do not have to solve the problem now. Just read the three problems and say which one would you
like to solve last, if you had to solve them some other time.
4. Which problem would you leave till last?
5. Why is that so? (Give at least three reasons.)
6. Describe how do you feel about solving this type of problem that you have chosen to leave it till
the last?
RESULTS
The reasons given and feelings manifested by 112 mathematics-anxiety students when choosing a
problem to solve are presented and categorized. Although three problems were used in the study, in
this paper the detailed categorisation for only the Number problem will be presented. A high proportion
(70 out of 112) of the high mathematics-anxiety students chose to solve the Number problem first.
About 44% of them felt confident when they encountered the Number problem. Similarly, about 42%
felt comfortable / relaxed / calm with the problem. Among those who chose to solve the problem first,
approximately 18% of them were happy to choose the Number problem. Five students believed that
the Number problem had made them feel successful / satisfied when they solve the problem. Only
sixteen high mathematics-anxiety students chose to solve the Number problem last. One quarter (4 out
of 16) of students were anxious when they came across such a problem. Half of the students were
irritated / frustrated /angry with the Number problem. Two students were bewildered when they
encountered the problem. Although two students were relaxed when they came across such a problem,
another two students were confused by the problem. A range of mixed feelings such as disappointment,
panic, boredom, confidence, excitement and happy were reported by one student in each category.
CONCLUSIONS
The study had strongly delineated the affective responses exhibited by anxious mathematics students
when choosing to solve particular non-routine problems. From the data, it can also be concluded that
the feelings manifested by mathematics-anxiety students when choosing a problem to solve first were
more positive. It appears that mathematics-anxiety students felt confident, comfortable, and calm as
well as happy when they solved a particular problem first. However, for a particular problem that they
chose to solve last, they felt anxious, stressed, tensed, irritated, frustrated, angry, fearful and
bewildered. These findings lend support to the observations by Buxton (1981), Kaur and Yap (1998),
McLeod (1988), and Tobias (1993) that when students are engaged in trying to solve a non-routine
mathematical problem, they often express a lot of emotion.
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MATHEMATICAL PROBLEM-SOLVING BELIEFS
OF FILIPINO SEVENTH GRADERS
Katrina Grace Q. Sumagit1 and Ma. Nympha B. Joaquin, Ph.D.2
1
Ateneo de Manila University, 2University of the Philippines Diliman
This study examined the mathematical problem-solving beliefs of seventh graders in the Philippines
using mixed-methods research design, particularly, explanatory sequential design. A researcher-made
self-report survey was administered to 464 students enrolled in 10 public high schools in an urban
area. Descriptive statistics (i.e. composite mean and standard deviation), exploratory and
confirmatory factor analyses as well as correlation analysis were used to analyze the data. Transcripts
of interviews with selected students were used to substantiate findings. The results indicate that
students hold availing and non-availing mathematical problem-solving beliefs. The students believe
that they should exert effort to develop or improve problem-solving skills. Likewise, the students
believe that they should rely on steps or procedures when problem-solving and getting the correct
answer is more important than understanding the problem.
INTRODUCTION
Problem-solving is an extremely complex activity that involves the coordination of knowledge, past
experiences, intuition, attitudes, beliefs, and various abilities (Charles, Lester, & O’Daffer, 2008).
Previous studies (e.g. Kloosterman & Stage, 1992; Mason, 2003) revealed the existence of a system
of beliefs that influence students’ attitude which hinder rather than aid understanding when students
solve mathematics problems. Students’ mathematics-related beliefs include beliefs about: the
discipline of mathematics, themselves as learners of mathematics, mathematics learning, the nature of
mathematics, and mathematical problem-solving (Kloosterman & Stage, 1992; Muis, 2004). The
Curriculum and Evaluation Standards for School Mathematics identified these mathematics-related
beliefs to influence students’ evaluation of their own ability, on their willingness to engage in
mathematical tasks, and on their mathematical disposition as published by National Council of
Teachers of Mathematics (1989, cited in Deng et al., 2015). Only a handful of studies examined
students’ mathematics-related beliefs within the context of problem-solving (Deng et al., 2015). In the
Philippines, studies on students’ mathematical problem-solving beliefs are limited. Existing studies
focused on college students (e.g. Garcia, 2012; Sangcap, 2010). Students go to college with the
mathematics-related beliefs they developed in high school (Daskalogianni & Simpson, 2001, cited in
Chirove, 2014). According to Chirove (2014), college students’ adaptation to college mathematics is
influenced by their high school mathematics-related beliefs. This study specifically examined the
mathematical problem-solving beliefs of Filipino seventh graders. Grade 7 is the entry level of junior
high school. According to Okabe (2013), high school students are in their adolescence and are
susceptible to various influences (e.g. external environment, people, etc.). Moreover, the knowledge,
experiences, and memories that students acquire in high school contribute in their formation.
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METHODOLOGY
This study employed a mixed-methods research design, particularly, explanatory sequential design.
Quantitative data were collected and analyzed in the first phase while qualitative data were collected
and analyzed in the second phase to explain or elaborate on the results of the first phase. Two-stage
random sampling was used to select the sample for the first phase. A total of 10 public high schools
were randomly selected in an urban area with six districts. An intact class of around 45 to 60
heterogeneous seventh graders enrolled during the school year 2018-2019 was randomly selected from
each school. A total of 464 students (62.5% female and 37.5% male) were selected. The mean age of
the students was 12. Purposive sampling was used to select six students from each school for the
second phase. A total of 60 students (55% female and 45% male) were selected.
A self-report survey and an interview schedule were used to collect data. The Mathematical ProblemSolving Beliefs Questionnaire (MPBQ) is a 25-item researcher-made instrument validated by experts
used to measure students’ mathematical problem-solving beliefs. The students were asked to express
their agreement or disagreement through a four-point rating scale from one (Strongly Disagree) to four
(Strongly Agree). The statements were randomly ordered. Some of the items were reverse-scored. The
data collected using MPBQ was subjected to exploratory factor analysis (EFA) using principal axis
factoring with promax rotation. An acceptable KMO value of .746 was obtained and the Bartlett’s Test
had a significance value less than .001. Three factors were extracted using the generated scree plot.
These factors had eigenvalues greater than 1.4 and they accounted for 26.20% of the cumulative
variance. Cronbach’s alpha was calculated on each factor to measure reliability. Confirmatory factor
analysis was also conducted to determine if the items obtained in the EFA loaded in their predicted
factor. Due to non-normality, robust method was used for model specification of the measurement
model. The model fit included in the analysis were statistical fit (i.e. Satorra-Bentler Chi-square) and
practical fit (i.e. CFI, NNFI, and RMSEA). After examining the fit of the model to the data,
adjustments were made that were theoretically justifiable and statistically significant. Error terms were
allowed to covary if the two items have similar content or wordings. The Interview Schedule (IS) is
also a researcher-made instrument validated by experts used to gain deeper understanding about
students’ mathematical problem-solving beliefs. Excerpts of interviews were neither coded nor
analyzed separately. Instead, they were used to substantiate the discussion of results of the quantitative
data. The self-report survey was administered for 15 minutes to 20 minutes. Meanwhile, each semistructured interview lasted for 10 minutes to 15 minutes.
RESULTS AND DISCUSSION
Table 1 shows the descriptive statistics of the classifications of mathematical problem-solving beliefs
using composite scores. A high score in motivation indicates a belief that students should exert effort
in problem-solving to develop or improve problem-solving skills while a low score indicates
otherwise. A high score in motivation implies students hold an availing belief. On the other hand, a
high score in algorithm indicates a belief that students should rely on steps or procedures when
problem-solving whereas a low score indicates otherwise. So, a high score in algorithm implies
students hold a non-availing belief. Likewise, a high score in correct answer indicates a belief that
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getting the correct answer is more important than understanding the problem while a low score
indicates otherwise. Hence, a high score in correct answer implies students hold a non-availing belief.
Classification of Mathematical Problem-Solving Beliefs Mean Standard Deviation
Motivation
3.50
0.35
Algorithm
3.28
0.58
Correct Answer
3.33
0.49
Table 1: Means and standard deviations of composite scores
The responses given by the students during the semi-structured interview also revealed their
mathematical problem-solving beliefs.
Interviewer:
Student 1:
Student 2:
Student 3:
Interviewer:
Student 1:
Student 2:
Student 3:

Why do you need to exert effort in problem-solving?
To sharpen the mind
To understand the lesson better
To prepare for tests and college education
How do you study problem-solving?
I listen to my teacher during class. I also take down notes so that I can review at home.
I memorize and use what my teacher taught in class.
I do online research to find the correct answer.

Table 2 displays the correlation between the classifications of mathematical problem-solving beliefs.
Motivation is significantly correlated with algorithm, 𝑟 = −.39, and final answer, 𝑟 = −.51. There is
also a significant relationship between algorithm and correct answer, 𝑟 = .36.
Classification of Mathematical Problem-Solving Beliefs F1
F2
F3
∗
F1: Motivation
1 −.39 −.51∗
F2: Algorithm
1
. 36∗
F3: Correct Answer
1
*𝑝 < .05
Table 2: Correlation between the classifications of mathematical problem-solving beliefs
The more students believe that there is a need to exert effort in problem-solving to develop or improve
problem-solving skills, the less likely they are to believe that they should rely on steps or procedures
when problem-solving. Moreover, the less likely they are to believe that getting the correct answer is
more important than understanding the problem. On the other hand, the more students believe that they
should rely on steps or procedures when problem-solving, the more likely they are to believe that
getting the correct answer is more important than understanding the problem.
The results obtained in this study support Kloosterman and Stage’s (1992) claim that students have
varying mathematical problem-solving beliefs. The results concur with Huang and Waxman’s (1997,
as cited in Sangcap, 2010) observation that Asian families tend to value effort, perseverance, and hard
work as contributing factors for success in mathematics. The results also concur with Lampert’s (1990)
and Schoenfeld’s (1992) findings. For example, doing mathematics means following rules given by
the teacher; mathematics problems have only one correct answer; and there is just one way to solve
any mathematics problem correctly, that is, using the rule recently demonstrated by the teacher in class.
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These particular results could be attributed to the existing classroom practices that reduce problemsolving to applying rules (Sangcap, 2010).
CONCLUSION
Filipino seventh graders hold availing and non-availing mathematical problem-solving beliefs.
Specifically, the students believe that they should exert effort in problem-solving to develop or
improve problem-solving skills. Furthermore, the students believe that they should rely on steps or
procedures when problem-solving. Lastly, the students believe that getting the correct answer is more
important than understanding the problem. These results concur with the findings of previous studies
in the Philippines (e.g. Sangcap, 2010) and other countries (e.g. Lampert, 1990; Schoenfeld, 1992).
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This study aims to understand the reasons behind why the need to take or not partake in mathematics
tuition outside of the normal school hours. More than 800 questionnaires were disseminated to Years
7 to 11 in a secondary school in Brunei Darussalam. From the questionnaires collected, only 162
students responded that they receive mathematics tuition. Meanwhile, 654 students did not. The top
two reasons for partaking in mathematics tuition were to improve the examination scores and to
learn the mathematics subject better. Those who did not receive any mathematics tuition cited having
no time and no money.
INTRODUCTION
The phenomenon of shadow education or private supplementary tutoring has gained significant
research interest globally (Bray, 2020; Győri & Bray, 2021; Šťastný & Kobakhidze, 2020). Asian
countries for example Hong Kong, China and Singapore with a high rank in international assessment
have particularly higher participation rates in Mathematics shadow education (Kim & Jung, 2019).
Family members and students invest a lot of money and time in shadow education with the aim at
improving the students’ academic achievements. The link between students’ future implication and
engagement of private tutoring are matched with several studies showing that shadow curriculum are
aligned with academic success and associated with university admission (Kim & Jung, 2019; Ozaki,
2015). Furthermore, Douglas and Attewell (2017) reported that in the United States, the school
Mathematics performances acts as a gatekeeper in gaining access to prestigious universities.
Shadow education or commonly referred to as private tuition or tuition is also prevalent in Brunei
Darussalam (Gan, 2019; Gan & Shahrill, 2019; Shaya et al., 2020). In this present study, we aim to
understand the reasons behind why the need to take or not partake in mathematics tuition outside of
the normal school hours.
METHODOLOGY
The questionnaire from the shadow education studies by Bray and Kwo (2016) and Bray et al. (2018)
were used with some modifications to the items to suit the context of the education system in Brunei.
The modified questionnaire exploring the extent of students taking mathematics tuition were
disseminated to Year 7 to Year 11 in a government secondary school in Brunei. The data obtained
were analysed descriptively in terms of frequency counts, percentages, ranking, and some crosstabulations. There were 854 questionnaires collected, which accounted to 77.8% of the whole school
population, but after eliminating 38 incomplete responses, 816 questionnaires were analysed (refer to
Table 1).
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Description
Male
Female
7
8
9
10
11

Gender

Year

Frequency
387
429
193
156
214
175
78

Percent
47.4
52.6
23.7
19.1
26.2
21.4
9.6

Table 1: The demographics of the student respondents (N = 816)
RESULTS AND DISCUSSION
From Table 2, only 162 students responded that they receive mathematics tuition and 654 students
did not. There were more students receiving tuition in Years 8 and 11, because these year levels are
transition points in the Brunei education system with moderate to high-stakes examinations.
Year
7
8
9
10
11
Total

Received tuition
17 (8.8%)
42 (26.9%)
29 (13.6%)
32 (18.3%)
42 (53.8%)
162 (19.9%)

Did not receive tuition
176 (91.2%)
114 (73.1%)
185 (86.4%)
143 (81.7%)
36 (46.2%)
654 (80.1%)

Total
193
156
214
175
78
816

Table 2: Frequency of students who received and did not receive private tuition
Based on the 162 respondents who received the private mathematics tuition (refer to Table 3), the top
two reasons for partaking in mathematics tuition were to improve the examination scores (93.8%)
and to learn the mathematics subject better (84.6%). Preparing for the national examinations is
ranked third (75.3%). These findings coincide with previous studies on the reasons for attending
shadow education lessons (Bray, 2013; Gan, 2019; Gan & Shahrill, 2019; Maheshwari, 2016).
Statements
Learn the subject better
Improve examination
scores
Parents chose it
At home no one can
help me
Prepare for national
examination
Influence by friends
Don’t understand what
the teacher taught in the

Year 7
(n = 17)
15
(88.2%)
16
(94.1%)
8
(47.1%)
2
(11.8%)
10
(58.8%)
1
(5.9%)
2
(11.8%)

Year 8
(n = 42)
38
(90.5%)
40
(95.2%)
26
(61.9%)
7
(16.7%)
35
(83.3%)
0
(0.0%)
15
(35.7%)

Year 9
(n = 29)
25
(86.2%)
28
(96.6%)
14
(48.3%)
9
(31.0%)
19
(65.5%)
2
(6.9%)
10
(34.5%)

Year 10
(n = 32)
27
(84.4%)
29
(90.6%)
11
(34.4%)
7
(21.9%)
23
(71.9%)
0
(0.0%)
4
(12.5%)

Year 11
(n = 42)
32
(76.2%)
39
(92.9%)
8
(19.0%)
6
(14.3%)
35
(83.3%)
1
(2.4%)
7
(16.7%)

All cases
137
(84.6%)
152
(93.8%)
67
(41.4%)
31
(19.1%)
122
(75.3%)
4
(2.5%)
38
(23.5%)

Rank
2
1
4
6
3
7
5
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school

Table 3: Reasons for receiving mathematics private tuition
Meanwhile, from the 654 responses in Table 4 that did not receive any mathematics tuition, majority
cited they did not have time to attend tuition and they had insufficient financial support. This showed
that academic performance is not the only factors influencing students’ choices.
Statements
No time
No money
Parents don’t allow
Doing well in school
Able to prepare for the
national examination
Not many of my
friends are doing it
Not worth the money

Year 7
(n = 176)
90
(51.1%)
48
(27.3%)
46
(26.1%)
45
(25.6%)
37
(21.0%)
37
(21.0%)
23
(13.1%)

Year 8
(n = 114)
64
(56.1%)
40
(35.1%)
26
(22.8%)
21
(18.4%)
34
(29.8%)
12
(10.5%)
17
(14.9%)

Year 9
(n = 185)
79
(42.7%)
69
(37.3%)
42
(22.7%)
27
(14.6%)
43
(23.2%)
52
(28.1%)
43
(23.2%)

Year 10
(n = 143)
63
(44.1%)
74
(51.7%)
27
(18.9%)
21
(14.7%)
31
(21.7%)
25
(17.5%)
21
(14.7%)

Year 11
(n = 36)
12
(33.3%)
10
(27.8%)
10
(27.8%)
9
(25.0%)
13
(36.1%)
1
(2.8%)
10
(27.8%)

All cases

Rank

308
(47.1%)
241
(36.9%)
151
(23.1%)
123
(18.8%)
158
(24.2%)
127
(19.4%)
114
(17.4%)

1
2
4
6
3
5
7

Table 4: Reasons for not receiving mathematics private tuition
In relation to class size, the most common type of tuition classes that the students stated is small
group tuition, followed by individual or one-to-one and larger groups. The students mainly attended
tuition on weekdays during the school year. Majority went to tuition centres and the tutor’s homes.
As perceived by the students (Table 5), the nature of the teaching methods used by the tutors in the
private mathematics tuition mainly focused on examination questions (88.1%) and giving exercises
(82.6%). In Brunei, the education system is largely content and examination driven. The act of
drilling past year questions as a review for mathematics examination is to some extent had been
substantiated by Shahrill’s (2018) study, where students mainly worked on past examination papers
for any major Brunei Public Examinations when reviewing the lessons. This was because the
teachers have discovered patterns on the types of questions that may be asked in the examination.
Statements
Tutor follows school curriculum
Tutor uses different textbook
Tutor focuses on exam questions
Tutor usually assigns homework
Tutor focuses on giving exercises

Strongly
disagree
6.3%
17.0%
3.1%
17.3%
3.9%

Disagree
14.6%
43.4%
8.8%
32.1%
13.5%

Agree
65.2%
33.3%
47.2%
42.9%
54.2%

Strongly
agree
13.9%
6.3%
40.9%
7.7%
28.4%

Total
disagree
20.9%
60.4%
11.9%
49.4%
17.4%

Total
agree
79.1%
39.6%
88.1%
50.6%
82.6%

Table 5: Students’ perceptions of the teaching methods used in private tuition (n = 162)
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CONCLUSIONS
Students attended tuition in mathematics mainly to enhance their content knowledge and
performances in the subject. This gives the notion that teachers at the school were mainly responsible
in introducing and providing explanations to the new mathematics topics as prescribed in the school
curriculum. From the questionnaire responses, the findings also suggest that tutors from private
tuitions were more inclined to drilling past year examination papers and doing more exercises either
in the physical tuition class setting or given as homework. The secondary mathematics teachers and
tutors in Brunei were driven towards the ‘drill and practice’ strategies as the preparation for students’
high-stake examinations.
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Critical thinking is of great significance to students' mathematics learning and the development of
creative thinking. In this study, the initial scale of the critical thinking disposition of mathematics
was compiled with the reference of the California Critical Thinking Disposition Inventory (CCTDI)
and the existing Chinese versions.2850 primary school students were selected as the subject of
investigation for validating the scale. The initial scale was analyzed through item analysis, validity
analysis, and reliability analysis. The results show that the final scale has good validity and
reliability, and can be used as an instrument to measure the mathematics critical thinking disposition
of primary school students.
INTRODUCATION
Critical thinking is of great significance in mathematics learning. For example, the Common Core
State Standards for Mathematics of the United States points out that students should be guided to
“construct viable arguments and critique the reasoning of others” (CCSSO & NGA Center，2010).
The Chinese Mathematics Curriculum Standard of Compulsory Education puts forward that
“students can reflect on the problems raised by others and preliminarily form the consciousness of
evaluation and reflection”, “students dare to express their own ideas, dare to question, and dare to
innovate,…, to form a rigorous and realistic scientific attitude” (MoE, 2011). These statements
indicate that cultivating students’ critical thinking is one of the important objectives in mathematics
education. Especially in compulsory education, how to measure students’ mathematics critical
thinking has been rarely studied. Without scientific measurement instruments, it is impossible to
accurately understand the development and problems of students’ critical thinking, and put forward
effective countermeasures and suggestions. Therefore, it is necessary to develop the measurement
instruments of mathematics critical thinking for the students in compulsory education.
LITERATURE REVIEW
The critical thinking is considered to be composed of critical thinking skills and critical thinking
disposition. Critical thinking skills are the cognitive abilities that people need to conduct critical
thinking activities, including, for example, interpretation, analysis, inference, explanation, evaluation
and self-regulation. Critical thinking is a consistent internal motivation that people use critical
thinking to decide what to believe and what to do, and that critical thinking has become a habit of
mind (Facone, P. A., Facone, N.C., & Giancarlo, 2000). Critical thinking skills and disposition have
a high positive correlation, but are not always consistent. Therefore, when cultivating students’
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critical thinking, it not only needs to teach critical thinking skills, but also needs to create a good
critical thinking learning environment to help students form critical thinking disposition.
Most of the Chinese critical thinking disposition scales were developed from CCTDI (Luo & Yang,
2001;Yeh, 2002; Peng, Wang, Chen, et al., 2004;Hwang, Yen, Lee, Huang, &Tseng, 2010; Wang et
al., 2019). It can be found that firstly, the development of these instruments has reliability and
validity analysis; Secondly, the Chinese versions of CCTDI are revised based on Chinese culture and
language characteristics; Thirdly, the these instruments are mainly used for the students of nursing or
medical specialty, and the age span is from high school students to adults. Although critical thinking
is usually regarded as a kind of general ability, its development needs to be more effective in
combination with the specific subject content (Kenimer, 2002). In the case of critical thinking in
mathematics education, it is necessary to develop a critical thinking disposition measurement
instrument for mathematics learning. However, there lack of a critical thinking disposition
measurement instrument for mathematics learning in combination with Chinese culture and
education context. The cultivation of critical thinking should be started from children. Thus, this
study took the primary school students as the research subjects and tried to develop a reliable and
valid measurement instrument for mathematics critical thinking disposition of primary school
students.
RESEARCH METHOD
Participants
The sample was selected from a district of Chengdu, Sichuan Province, in west China, according to
the method of stratified random sampling. The total valid number of students is 2850, namely, 1047
urban students (36.7%), 875 suburban students (30.7%), and 928 rural students (32.6%); 874 Grade
Three students(30.7%), 1000 Grade Four students(35.1%), and 976 Grade Five students(34.2%);
1341 female students(47.1%) and 1302 male students(45.7%).
Instrument
Based on the CCTDI, the existing Chinese versions, Chinese education and mathematics education
context, the initial scale was compiled based on the seven dimensions of the CCTDI, including
Truth-seeking, Open-mindedness, Analyticity, Systematicity, Self-confidence, Inquisitiveness and
Maturity. The scale consists of two parts: background information and main part. It is in the form of
the Likert five-point scale. The initial scale consists of 67 items including negatively and positively
worded ones. SPSS 21.0 and Amos7.0 were used for data analysis.
RESEARCH RESULTS
Item analysis
On the one hand, item analysis is aimed to judge the response convergence of the respondents. If the
standard deviation of an item score is small (below 0.5), the difference of the item scores is
considered to be small, and the item can be deleted (Jian & Dai, 2017). According to the results, the
standard deviation of all items is between 0.78 and 1.51, which meets the requirements of the
difference of item scores. On the other hand, for the discrimination analysis of the items, this study
used the correlation coefficient method to calculate the correlation coefficient between the item
scores and the total score to determine it. Generally, a correlation coefficient being significant and
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above 0.30 is considered to be up to standard, and it needs to be further analyzed and judged with the
coefficient above 0.2 (Bian & Liang, 2015). In this study, six items were deleted according to the
above standards.
Content validity analysis
In this study, some mathematics education researchers, primary school mathematics teaching
advisors and outstanding primary school mathematics teachers were invited to form an expert panel
to judge the items’ meaning and representativeness in each dimension. Finally, after several rounds
of revision, they reached a consensus that the meaning of these items were in accordance with the
definitions of the seven dimensions of the CCTDI, and the items of each dimension generally
included the representative behaviors of students’ critical thinking disposition in mathematics.
Therefore, the scale has a good content validity.
Structure validity analysis
Structure validity of the scale in this study was tested by exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA). For exploratory factor analysis, the principal component
analysis method was used. Considering only 2.5% of the correlation coefficients of the variables was
above 0.4, the factor rotation was performed using the orthogonal rotation of varimax rotation (Jian
& Dai, 2017). The results show that the total variance of the seven factors is 54.865%; The loading
value of the items is between 0.526 and 0.796; The eigenvalue of the factors is between1.050 to
5.538; The commonality of the items is from 0.33 to 0.683. These results indicate that mathematics
critical thinking disposition is likely to have seven factors.
For confirmatory factor analysis, the seven-factor model of the mathematics critical thinking
disposition was tested by the goodness of model fit with the data. The results of the goodness of
model fit are as follows: The  2 df of the final scale is 2.906, less than 5; TLI value is 0.948, above
0.90; NFI value is 0.928, above 0.90; CFI value is 0.958, above 0.90; RMSEA value is 0.029, less
than 0.05. The results show that the mathematics critical thinking disposition model with seven
factors fits well with the data, and the structure validity meets the requirements of psychometrics.
The results indicate that the disposition of critical thinking in mathematics is composed of seven
factors, namely, Truth-seeking, Open-mindedness, Analyticity, Systematicity, Self-confidence,
Inquisitiveness, and Maturity.
Criterion validity analysis
In this study, the interest in mathematics learning is taken as the criterion variable, and some studies
show that there is a positive correlation between learning interest or internal motivation and critical
thinking. The result shows that the correlation coefficient between the score of mathematics critical
thinking disposition and the score of interest in mathematics learning is 0.539 (p< 0.01), which is
similar to the coefficient between critical thinking and intrinsic motivation in Luo’s study (r=0.614,
p< 0.01) (Luo,2018). The result indicates that the mathematics critical thinking disposition scale has
good criterion validity.
Reliability analysis
There are 28 items in the final scale, and the overall Cronbach’s α coefficient is 0.830. The
Cronbach’s α coefficients of two subscales are above 0.8, the Cronbach’s α coefficients of three
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subscales are from 0.6 to 0.7, and the Cronbach’s α coefficients of two subscales are from 0.5 to 0.6.
The results show that the reliability of the scale is generally acceptable.
DISCUSSION AND CONCLUSION
The cultivation of critical thinking needs to be combined with specific subjects and their thinking
characteristics. The logical thinking of mathematics lays a foundation for cultivating students’
critical thinking. However, the measurement instruments for general critical thinking can not
accurately measure the critical thinking embodied in specific subjects. The mathematics critical
thinking disposition scale developed in this study took the activities of students’ mathematical
discussion, communication, problem solving, and others into account, and so it can more effectively
capture students’ mathematics critical thinking. The results of this study show that the mathematics
critical thinking disposition, like the general critical thinking disposition, includes seven dimensions:
Truth-seeking, Open-mindedness, Analyticity, Systematicity, Self-confidence, Inquisitiveness and
Maturity. The scale developed in this study is verified to be with good reliability and validity, and
can be used to measure the mathematics critical thinking disposition of Chinese primary school
students.
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Individuals hold varying beliefs about whether intelligence is relatively stable (fixed mindset) or can
be changed with effort (growth mindset). In the present study, we examined growth trajectories of
math mindset over the course of two academic years among urban elementary and secondary
students in the United States, specifically focusing on how changes occurred as a function of age and
gender. Multilevel growth modeling revealed that math mindset scores for elementary students
decreased over time, but increased for secondary students. In addition, gender played a role in the
change of math mindset score over time for older students but not for younger students.
PROBLEM STATEMENT
Individuals hold varying beliefs about whether intelligence can be changed with effort (growth
mindset) or is relatively stable (fixed mindset) (Dweck, 1999). Students who adopt a growth mindset
tend to perform significantly better academically (Yeager & Dweck, 2012). Gendered differences,
however, have been found with respect to how mindset relates to other constructs (Degol, Wang,
Zhang & Allerton, 2018). Relatedly, Macnamara and Rupani (2017) recently suggested the need to
examine the impact of age on mindset citing the inconsistency of related findings. In the present
study, we examined growth trajectories of math mindset over the course of two academic years
among an underexamined student demographic: urban elementary and secondary students in the
United States, specifically focusing on how changes occurred as a function of age and gender.
METHOD
Participants
Participants included 296 elementary (grades 3 – 6; 50.9% female, 67.3% African-American) and
218 secondary students (grades 7 – 12; 54.6% female, 80.7% African-American) from low socioeconomic neighborhoods in a mid-sized southern city in the United States.
Procedures
Participants completed a three-item measure regarding math mindset (Cain & Dweck, 1995) four
times across two academic years on computers during classroom time as part of a larger evalution
project within the school district. Lower scores (less than 3.5 out of 6) indicated a fixed mindset.
Participants were included in this study if they completed the questionnaire at least three times.
Analysis
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Growth modeling was implemented using a multi-level modeling framework in SPSS, with math
mindset scores as the outcome variable, time as a level 1 predictor, and gender and initial grade level
as level 2 predictors. Separate analyses were conducted for elementary school participants and
secondary school participants. Additionally, students were classified as having a fixed or growth
mindset at each time point to explore the patterns across time.
RESULTS
Consistency over Time
The unconditional growth models showed a significant effect of time for both elementary and
secondary school students (βelementary = -.09, p= .015; βsecondary = .10, p = .003) (Table 1). Math
mindset scores for elementary students decreased over time, but increased for secondary students.
However, the overall math mindset score for elementary school students were higher than secondary
school students at all four time points (Table 2). Approximately 35% of elementary school students
and 52% of secondary school students did not change from their initial classification (i.e, remained
fixed or remained growth) (Table 3). Approximately 50% of elementary students ended with a
growth mindset as compared to 38% of secondary students.

Fixed Effect
Intercept
Time

Model 1
Unconditional Mean
Estimate (SE)
Elementary Secondary
3.57***
2.95***
(.06)
(.07)
-

Model 2
Unconditional Growth
Estimate (SE)
Elementary Secondary
3.72***
2.80***
(.08)
(.08)
*
-.09
.10**
(.04)
(.03)
-

Gender

-

-

Grade

-

-

-

-

Time*Gender

-

-

-

-

Time*Grade

-

-

-

-

Model 3
Conditional Growth
Estimate (SE)
Elementary
Secondary
***
4.57
3.33***
(.36)
(.53)
-.09
.20
(.16)
(.22)
.15
.18
(.17)
(.17)
**
-.22
-.07
(.08)
(.06)
- .14
-.15*
(.08)
(.07)
.02
-.003
(.04)
(.02)

LRT Statistic
8.03+
11.00+
16.20+
LRT DF
3
3
4
ICC
.25
.44
.29
.40
.19
Var. Expl.: L1
.05
.04
.06
Var. Expl.: L2
.09
Notes: *p < .05, **p < .01, ***p < .001. + to indicate that the LRT was significant at .05
model 2 to model 1 and model 3 to model 2).
Table 1. Estimates for the effect of time, gender and grade on math mindset

6.93
4
.40
.05
.18
(compare
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Time
Fall 2011
Spring 2012
Fall 2012
Spring 2013

Elementary School Students
All Students
Male
Female
Mean (SD) Mean (SD) Mean (SD)
3.63 (1.41) 3.58 (1.39) 3.53 (1.49)
3.73(1.57)
3.68 (1.51) 3.66 (1.62)
3.47(1.45)
3.50 (1.46) 3.11 (1.59)
3.46(1.51)
3.59 (1.58) 3.31 (1.54)

Secondary School Students
All Students
Male
Female
Mean (SD) Mean (SD) Mean (SD)
2.77 (1.28)
2.67 (1.31) 2.85 (1.26)
2.91 (1.36)
2.88 (1.29) 2.93 (1.41)
3.09 (1.40)
3.20 (1.46) 3.01 (1.35)
3.09 (1.49)
3.26 (1.48) 2.94 (1.48)

Table 2. Descriptive statistics by domain and grade level

Patterns Across Time
Always Fixed
Fixed (change) Fixed
Growth (change) Fixed
Fixed (change) Growth
Growth (change) Growth
Always Growth
Total n

Elementary School Students
All
Male
Female
Students
44 (15%) 19 (13%) 25 (17%)
27 (9%)
14 (19%) 13 (9%)
79 (27%) 37 (25%) 42 (28%)
61 (21%) 31 (21%) 30 (20%)
26 (9%)
17 (12%)
9 (6%)
60 (20%) 28 (19%) 32 (21%)
297
146
151

Secondary School Students
All
Male
Female
Students
84 (39%) 39 (39%) 45 (38%)
30 (14%) 17 (17%) 13 (11%)
21 (10%)
6 (6%) 15 (13%)
48 (22%) 25 (25%) 23 (19%)
9 (4%)
3 (3%)
6 (5%)
26 (12%)
9 (9%) 17 (14%)
218
99
119

Table 3. Patterns of Change by gender and grade level
Gender Differences
There was a significant interaction effect for gender and time for secondary students only (βsecondary =
-.15, p = .03). Initially, females have slightly higher mindset scores than males, but both means
would still be considered fixed. Male students experienced continued growth, while female students
experienced almost no change (Figure 1).

Figure1. Time by Gender Cross-Level Interaction for Secondary School Students
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Age Differences
There was a significant negative effect of initial grade level on elementary students’ change in math
mindset (βelementary = -.22, p =.006), with older elementary students tending to have more of a fixed
math mindset.
DISCUSSION
Results show that elementary and secondary students’ math mindset have different trajectories over
time. Previous research has shown that generally, as students age, they tend to develop a fixed
mindset toward math. In the present study, however, even though the overall math mindset score is
lower for secondary school students, the pattern of change differs from previous findings. Here,
average math mindset score increased over time for the secondary students. The implication of this
finding is that interventions aimed at changing students’ math mindset should be targeted earlier in
order that the magnitude of change is enough to move them into a growth mindset. Additionally,
gender played a role in the change of math mindset for secondary students, but not elementary
students. The implication of this findings is that educators and researchers need to consider students’
gender and grade level when they design interventions around students’ math mindset.
Limitations
Limitations include the small sample size within each grade and the smaller number of classrooms at
each grade level, which prevented nesting within teachers. Additionally, the lack of diversity among
participants prevented comparisons among urban African American and other student ethnicities.
Future Research and Conclusion
Future studies should consider the inclusion of variables related to teachers and parents as contextual
factors that contribute to the developmental trajectory of math mindset. Similarly, the inclusion of
variables related to parents’ mindsets toward math could add to the exploration of how
environmental factors inside and outside of school impact student mindset growth trajectories. Lastly,
through the inclusion of a longitudinal design with elementary and secondary students, educators and
researchers can better understand how mindsets might be influenced by an intervention at different
time points of students’ academic careers.
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This study explored the relationships among classroom goal structures, goal orientations and mathematics
achievement in China. 9:: Chinese Han students in primary school participated in this study. The results showed
mastery and performance classroom goal structures positively predicted mastery and performance goal
orientations respectively. Notably, Chinese students’ mastery goal orientation was predicted by classroom
performance goal structure.
Introduction
An important concern in goal theory is how classroom goal structures influence students’ goal orientations.
Goal orientations mean the reasons driving students to achieve goals, including mastery, performance-approach
and performance-avoidance orientations. Classroom goal structure describes different types of goal orientations
emphasized in the classroom, including mastery structure and performance structure. In order to better
understand Chinese students’ goal orientations and mathematics learning, this study examined the relation
among classroom structures, Chinese students’ goal orientations, and mathematics achievement.
Methods
211 grade 5 and grade 6 Chinese Han students participated in this study. Mathematics Classroom Goal Structure
and Mathematics Goal Orientation scales were developed based on existing scales. Mathematics Achievement
is the standardized scores of students’ final mathematics examinations.
Results and Discussions
The SEM result showed acceptable model fit (CFI, NNFI, GFI >.90; RMSEA<.06). Similar to most Western
findings (e.g., Wolters, 2004), mastery structure had positive relationship with mastery orientation and
mathematics achievement, and performance structure positively predicted two performance orientations.
However, performance structure was positively related to Chinese students’ mastery orientation which was not
always found in Western studies (Wolters, 2004). This finding might be explained by the competitive learning
environment in China and the positive views on competition in the Chinese culture (King et al., 2012).
Paths
Mastery Structure to Mastery Orientation
Performance Structure to Mastery Orientation
Performance Structure to Performance-approach Orientation
Performance Structure to Performance-avoidance Orientation
Mastery Structure to Mathematics Achievement
Mastery Orientation to Mathematics Achievement

Standardized coefficients
.30***
.20*
.32*
.38***
.26**
.22*

Table 1: Significant paths in Chinese Model. Note. *p<.05, **p<.01
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APPLYING THE THEORY OF PLANNED BEHAVIOUR TO 2012 AUSTRALIAN PISA DATA
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This paper examines the applicability of the Theory of Planned Behaviour (TPB) for predicting the
relationship between Australian students’ mathematical intentions, and their attitudes, subjective norms, and
perceived control, using items created by PISA 2012 question designers to assess these TPB constructs.
The Constructs in the TPB and our Study

The Results

Our study used the questions from PISA 2012 that
were designed to enable exploration of the TPB, to
investigate the applicability of the TPB to the field
of mathematics education (Figure 1).

The strongest predictor of mathematical intentions
was an interest in mathematics with a regression
weight of 0.368. Subjective norms of parents and
friends were weak predictors (0.058 and -0.062
respectively) (Figure 2).

Figure 1. Model of the TPB
In the PISA 2012 questionnaire, student interest in
mathematics was considered to be indicative of
students’ attitudes toward mathematics. Items
about subjective norms, generally referred to as
“the individual’s perceptions of general social
pressure to perform (or not to perform) the
behaviour” (Armitage & Conner, 2001: 474),
appear to have been designed to tap the influence
of parents and friends. The third construct,
perceived control, generally refers to the perceived
ease or difficulty of undertaking an action or
behaviour, and TPB questions in PISA 2012
included
self-efficacy
and
perceived
controllability as two discrete constructs.
Our data were selected from the PISA (2012)
survey on Student Context Questionnaires (see
OECD, 2012: 223-242). The Australian PISA
2012 school sample consisted of 775 schools
located in different states and territories. A
sample of 14,481 students was drawn from all
jurisdictions and school sectors.

Figure 2. TPB Model from PISA 2012 Australian data
The results of this study suggest that the
hypothesized antecedents in the TPB for
mathematics were very poor predictors of
mathematical intentions and indirectly, weak
predictors of mathematical behaviour. The poor
predictive capacity of the TPB may be due to illdefined indicator items in the measuring
instruments, which did not comply with the TPB’s
principles of compatibility and aggregation.
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THE NON-INTELLECTUAL LEVEL OF EFFICIENT MATHEMATICS
LEARNING OF JUNIOR HIGH SCHOOL STUDENTS AND THEIR
INFLUENCE PATHWAYS ON MATHEMATICS LEARNING
PERFORMANCE
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The purpose of this paper is to explore the differences in the non-intellectual levels of efficient
mathematics learning between junior high school students and other students. A survey was conducted
on 645 junior high school students using a questionnaire on their non-intellectual level of mathematics
learning. The ANOVA showed that middle school students with high efficiency math learning were
significantly higher than other students in terms of non-intellectual levels. The path analysis showed
that motivation, will, emotion and attitude had both direct and indirect effects on the mathematics
learning performance of middle school students with high efficiency mathematics learning, and the
direct effect of motivation had the greatest effect.
INTRODUCTION
Non-intellectual factors have come to the forefront of researchers' attention as one of the most
important predictors of students' academic achievement. Factors such as self-efficacy, self-concept,
and self-confidence predict achievement in reading, science, and mathematics (Campbell, Voelkl, &
Donahue, 1997; Connell, Spencer, & Aber 1994; Lee, Redman, Goodman，& Bauer, 2007). In largescale tests, concepts related to self-beliefs, such as self-efficacy in PISA, confidence in TIMSS, and
educational ambitions included in both, are strong predictors of student performance in mathematics
(Jihyun Lee, 2018). Chinese students achieved first place in reading, mathematics, and science in the
2018 PISA test, but Chinese students were not effective in learning overall and student well-being was
low. Junior high school students' motivation, emotion, interest, will, and character as a source of
motivation for efficient learning (Shen, 1992), which can not only enhance students' well-being but
also have a significant and lasting impact on their success in life (Rauber, 2007). Studies have
confirmed the relationship between non-intellectual factors and mathematics achievement, but are
there differences in the non-intellectual levels of mathematics learning among students with different
learning efficiencies, and how do non-intellectual factors affect mathematics achievement? It is
worthwhile to think deeply.
The study examines the differences between junior high school students who learn mathematics
efficiently and other students at the non-intellectual level analyzes the path of students' non-intellectual
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factors in mathematics on their academic performance. The study defined efficient mathematics
learning junior high school students as those who can learn mathematics within 50 minutes after class
and can complete mathematics learning tasks better, and the learning process is easy and enjoyable.
METHOD
Samples
The study was conducted among second-year and third-year junior high school students in North,
Northwest, East, South, and Northeast China, following the principle of purposive sampling,
anonymous and voluntary. A total of 645 valid questionnaires were obtained, with an effective rate of
92.54%. Among them, there were 199 students in the high-efficiency group, 236 students in the general
group, and 210 students in the low-efficiency group.
Tools
Through literature analysis, consultation with experts, and three nationwide sampling tests, we finally
developed the Questionnaire on Non-Intellectual Levels of Mathematics Learning for Junior High
School Students. This questionnaire is divided into five dimensions: motivation, emotion and emotion,
attitude, will, and personality, with a total of 52 questions. The Cronbach coefficient of the
questionnaire was 0.925, the split-half reliability was 0.901, and the retest reliability was 0.889.
RESULTS
Analysis of variance
The ANOVA results showed that non-intelligence of high efficiency math learning junior high school
students is extremely significantly different from both the average and low efficiency groups of
students on both the overall level and its sub-dimensions （ p<0.01 ） （ table 1 ） 。 Multiple
comparisons showed that there was no significant difference between the students in the high
efficiency group and the average and low efficiency groups on four factors: need for achievement,
emotional stability, self-discipline, and motivation to win.
Difference of mean (I-J)（p value）
Group

Group

Nonintelligence
level

High

Normal

33.951**

8.776**

10.059**

7.079**

2.829**

4.063**

（.000）

（.009）

（.000） （.000）

（.000）

（.000）

53.181**

13.631**

16.460**

9.472**

4.872**

6.291**

（.000）

（.000）

（.000） （.000）

（.000）

（.000）

19.230**

4.855**

2.393**

2.043**

2.227**

（.000）

（.008）

（.080） （.000）

（.006）

（.007）

High

Normal

Low

Low

Motivation Emotions

6.401

Attitude

Determination Personality

Note: *.01<p<.05；** p<.01
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Table 1: ANOVA on mathematics learning non-intelligence factors
Path analysis
The stepwise multiple regression method was used to analyze the relationship between non-intellectual
factors and mathematics learning achievement, and the initial model was established assuming that all
the variables in the five dimensions of non-intellectual factors have a direct effect on mathematics
learning achievement. The final path analysis model was obtained after considering the model fitting
index, regression analysis and the significance between the factors, and after correction (as Figure 1).

Figure 1 Modified path model
Default
Model

GFI

AGFI

RMR RMSEA

0.911

0.945

0.024

0.020

NFI

IFI

TLI

CFI

PGFI PNFI

NC

0.905 0.901 0.937 0.923 0.618 0.543 1.918

Table 2: Fitting indicators of modified path model
As shown in Table 2，The values of GFI, AGFI, NFI, IFI, TLI, and CFI were between 0.845 and
0.958, PGFI and PNFI were 0.618 and 0.673, respectively, which were greater that the standard of
0.5.RMR and RMSEA were less than 0.05. These indicators showed that the path model had a good
fitting degree and can be accepted.
DISCUSSION AND CONCLUSION
Discussion
The non-intellectual factors affecting the mathematics learning performance of middle school students
with high efficiency are mainly reflected in the five dimensions of motivation, emotion-emotion,
attitude, will, and personality, while similar studies for high school students are mainly reflected in the
four dimensions of motivation, emotion-emotion, attitude, and personality. In the will dimension, there
were differences in self-discipline and persistence between the middle school students in the efficient
group and the other two groups, while there were no differences between the groups of high school
students.
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The Questionnaire inherits the dimensional division of non-intellectual factors in mathematics from
the Questionnaire on Non-Intellectual Learning in Mathematics for Senior High School Students, and
the content of the questions is more consistent with the characteristics of mathematics learning for
junior high school students.
Conclusion
There were significant differences in the overall level of non-intelligence and the level of the five subdimensions between the highly effective mathematics learning junior high school students and the
students in the general and low effectiveness groups, with the effect of attitude on mathematics
learning efficiency being the large effect; in motivation, emotion and emotion, learning beliefs, and
persistence, the effect sizes between the highly effective and low effectiveness groups were large
effects.
The values of the five sub-dimensions of non-intellectual factors on mathematics learning performance,
in descending order: attitude, motivation, volition, emotion-emotion, and personality.
Motivation, will, emotion and attitude have both direct and indirect effects on the mathematics learning
performance of junior high school students in efficient mathematics learning, of which the direct effect
of motivation is the big effect; personality only has an indirect effect on mathematics performance
through two paths of motivation and attitude.
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BELIEFS
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This study examined the relationships between variables related to parental education expectations,
parental mathematics achievement expectations, mathematics teachers’ praise and students’
mathematics-related beliefs. The results suggest that teacher’s praise as well as parental education
expectations, but not parental specific achievement expectations in mathematics, foster more desirable
mathematics-related beliefs. Moreover, teacher’s praise and parental education expectations have
different contributions to the subdomain of Chinese high school students’ mathematics-related beliefs.
BACKGROUND AND RESEARCH QUESTION
Studies have shown that parental expectations and teachers’ behaviors have an effect on mathematics
achievement, motivational beliefs about mathematics, mathematical self-efficacy, and so forth (e.g.,
Cai, 2003; Levpušček & Zupančič, 2009). However, there has been little systematic body of research
focusing on the influence of factors such as parents and teachers on students’ mathematics-related
beliefs. The research reported here was designed to investigate the current status of mathematicsrelated beliefs among Chinese senior high school students, to analyze the influence of Chinese teachers
and parents on the beliefs of high school students in mathematics. In particular, this study is designed
to investigate the following two research questions: How are parental expectations and teachers’
behaviors related to students’ mathematics-related beliefs? What are the different contributions of
parental expectations and teachers’ behaviors to students' beliefs in mathematics?
THEORETICAL BASIS
Parental Expectations
Parental expectations have long been shown to be important predictors of academic performance in
many countries and regions (e.g., Cai, 1995; Fuligni, 1997; Levpušček & Zupančič, 2009). In a study
of primary school students in Hong Kong, Phillipson and Phillipson (2007) found that parents with
higher educational expectations are also more likely to have a higher level of educational involvement
and to invest more time, money and energy for their children’s studies. Cai (2003) investigated five
roles that parents in China and the United States may play with respect to their child’s learning at home.
The results supported the argument, from a broader cross-national perspective, that parental
involvement is a statistically significant predictor of children’s mathematics achievement. The
research of Levpušček and Zupančič (2009) showed that parental education involvement has a direct
impact on students’ mathematics achievement, and it also has an indirect effect on the students through
the mediation of motivational beliefs about mathematics. This suggests that parental expectations for
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education and achievement are likely to have an effect on students’ mathematics-related beliefs.
Studies have analyzed the impact of parental education expectations on students’ academic
achievement, learning motivation, and educational expectations. However, although Levpušček and
Zupančič explored connections between parental education expectations and students’ mathematical
self-efficacy, there has been limited research on the relationship between parental education
expectations (PEE) and the broader range of students’ mathematics-related beliefs. Moreover, there
has been very limited research on the relationship between parental achievement expectations (PAE)
and the broader range of students’ mathematics-related beliefs.
Teachers’ Behaviors
Early research showed that when students feel that their teachers’ support, they are more likely to have
higher motivation for academic achievement (Goodnow, 1993). In addition, study has shown that
teacher support has a significant effect on students’ academic performance after controlling for family
factors (Marchant, Paulson & Rothlisberg, 2001). Indeed, Levpušček and Zupančič (2009) found that
the support and encouragement of mathematics teachers had an even greater impact on students’
mathematics achievement than parental education. Based on the existing research, Lapointe, Legault,
and Batiste (2005) further explored the influence of teacher interpersonal behavior on students’
mathematics learning motivation and found that mathematics teachers’ interpersonal relationship
behaviors have a significant effect on both regular students and students identified as talented. Wang,
Zhang, and Cai (2019) investigated the relationship between students’ mathematics-related beliefs and
their perceived teachers’ appraisals and found that students’ views on mathematics teachers’ praises
(TP) make positive contributions to students’ mathematics-related beliefs. However, their research did
not take into account the influence of parental expectations on students’ mathematics-related beliefs.
Summary
There has been little systematic body of research focusing on the influence of PEE, PAE and TP on
students’ mathematics-related beliefs. The present study focuses on the relationships between students’
mathematics-related beliefs and the above three parental and teacher influence factors, particularly the
different contributions of PEE, PAE and TP to students' beliefs in mathematics.
METHOD
Participants
A survey was administered to a nationwide sample of 10th, 11th, and 12th grade students using a
combination of online sampling and regional cluster sampling. The survey began with regional cluster
sampling, and this was followed by online sampling to ensure a high response rate. In total, 496
completed questionnaires (out of 535) were collected (53.4%, 27.4%, and 19.2% from Grades 10, 11,
and 12, respectively; 50.4% males and 49.6% females). The participants came from regions (Central
China, North China, East China, South China, Northwest China, Northeast China, and Southwest
China) throughout China, with samples approximately evenly distributed among these regions.
Instrument
High School Student Mathematics Belief Questionnaire (HSSMBQ; Wang, Zhang, & Cai, 2019) was
used to measure students’ mathematics-related beliefs. The questionnaire was adapted from a

35

questionnaire originally developed by Op’t Eynde and De Corte (2003), which included four subscales:
beliefs about the role and the functioning of their own teacher (Subscale 1), beliefs about the
significance of and competence in mathematics (Subscale 2), mathematics as a social activity
(Subscale 3), and mathematics as a domain of excellence (Subscale 4). The reliability and validity had
been reported in Wang et al. (2019), which describes the multistage development process that included
the use of exploratory and confirmatory factor analysis.
For the purposes of the present study, three additional questions were included on the questionnaire to
assess the students’ perceptions of their PEE, PAE and TP. Table 1 lists the questionnaire items used
for the three topics along with their scoring. It should be noted that the instrument was developed,
validated, and administered to students in Chinese; for the purposes of this paper, we have translated
the instrument into English, with every effort having been made to ensure translation equivalency.
Topic
PEE

PAE

TP

Questionnaire Item
What are your parents’ educational expectations for you?
Stop going to school now
High school graduation
College diploma
Four-year university degree
Graduate degree
Ph.D.

Scoring
1
2
3
4
5
6

What are your parents’ expectations for your mathematics achievement?
Top 5 in class
Top 50%
Class average
No specific expectation

4
3
2
1

Math teachers often praise me.
Strongly disagree
Disagree
Neutral
Agree
Strongly agree

1
2
3
4
5

Table 1: Background Topic Items from the Questionnaire
Data Analysis
ANOVA Analyses. In order to examine the relationships between the mathematics-related beliefs
scores (total and for each subscale) and each of the parental and teacher influence factors, we first
conducted an ANOVA analysis for each factor and each belief score (total or subscale).
Regression Analyses. A multiple linear regression analysis was conducted to predict the mathematicsrelated belief scores (total and for each subscale) based on the parental and teacher influence factors.
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RESULTS AND CONCLUSIONS
Due to the page limit, a series of tables are not presented here. Analysis indicated that higher PEE was
associated with more positive students’ mathematics-related beliefs (η2=0.137, F=15.463, p<0.001).
These results remained consistent across all four subscales of mathematics-related beliefs. Overall, the
higher degree of TP, the more positive students’ mathematics-related beliefs were (η2=0.294,
F=51.008, p<0.001). With respect to PAE, 74 students (about 15%) felt that their parents did not have
specific expectations on their mathematics achievement, but those 74 students exhibited the most
desirable mathematics-related beliefs (both overall and on four subscales) compared to other groups
of students (η2=0.100, F=18.255, p<0.001).
Parental expectations and teacher’s behaviors have different contributions to high school students’
mathematics-related beliefs. TP (β=0.499, t=13.922, p<0.001) and PEE (β=0.256, t=7.066, p<0.001)
were found to be significant predictors of the overall mathematics-related beliefs score. The result
remained consistent across the first three subscales of mathematics-related beliefs. Moreover, across
overall and the first three subscales, TP was the stronger predictor for students’ desirable mathematicsrelated beliefs. However, for subscale 4, only PEE was a significant predictor (β=0.102, t=2.240,
p<0.05).
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DOES PARENTS’ ATTITUTE TOWARDS MATH MATTER TO YOUNG
ADOLESCENTS’ MATH ACHIEVEMENT IN CHINA? MEDITATING
EFFECTS OF MATH ANXIETY
Mingxuan PANG
Xiaorui HUANG
Institute of Curriculum and Instruction, East China Normal University

Structural equation modeling was employed to examine the transmission of parents’ attitude towards
math to their daughter and son’s math attitudes and their effects on math achievement in a total of
1,651 7th and 8th grade students in Shanghai. The triads relations of father-mother-to-son, and fathermother-to-daughter were examined, respectively. The results showed that father’s attitude towards
math had improved daughter’s math achievement by relieving their math anxiety. The interaction of
mother and father’s attitude towards math had also relieved their daughter’s math anxiety and
improved math achievement. However, mother and father’s attitude towards math had no effects on
their son’s math achievement and math anxiety. The applications will be discussed in the paper.
LITERARATURE REVIEW
Parents’ attitude had played a critical role on their children’s math learning (e.g., Eccles, 1983).
Parent’s attitude towards math influences their children’s attitude towards math, and therefore,
improved their children’s math learning (e.g., Areepattamannil et al., 2015; Elliot & Thrash, 2004;
Soni & Kumari, 2017). However, does mother or father’s attitude towards math matter more to their
son or to their daughter? This study compared the influences of both mother and father’s attitude
towards math on their daughter and son’s math achievement, respectively.
Both parents’ positive and negative attitudes towards math influence children’s attitude towards math.
A result using PISA data showed that United Arab Emirates’ adolescents who perceived that their
parents liked mathematics and considered mathematics was important for their children's career tended
to report positive intentions and behaviors towards mathematics (Areepattamannil et al., 2015). Soni
and Kumari (2017) showed that parent’s positive attitude towards math also improved young
adolescents’ math achievement. Parents’ negative attitude towards math impedes students’ math
learning by affecting their attitudes towards math. For example, parents who are afraid of math failure
were more likely to convey negative emotions to children when involving in their mathematics
learning (Elliot & Thrash, 2004). Maloney, Ramirez, Gunderson, Levine, and Beilock (2015) found
that parents’ math anxiety led to children’s math anxiety. In general, both parents’ positive and
negative math attitudes would influence their children's attitude towards math.
Children are tended to learn gender-related behaviors from the adults of the same sex according to
gender role socialization theory (Bussey & Bandura, 1984). Casad, Patricia, and Wachs (2015) found
that there was a strongest intergeneration transmission of math anxiety from same-gender dyads
(mother to daughter, father to son). Tomasetto, Alparone, and Cadinu (2011) showed that girls with
mother who had higher math-gender stereotype had lower math achievement. Roest, Dubas, and Gerris
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(2010) showed that job value transmission only existed from father to son. Gniewosz and Noack (2012)
also found the similar patterns that same gender transmission of math anxiety from German’s parents
to children in a two-wave longitudinal sample. However, they argued that there might have different
gender transmission because gender cannot explain all the differences of the father-to-son and motherto-daughter. Additionally, Acock and Bengtson (1978) examined the transmission of religious and
political positions from father and mother to children, they found that only father had influenced on
daughter’s religious and political positions. Therefore, mother and father’s attitude towards math might
have different effects on son and daughters.
This study aims to examine the intergenerational transmission of parents' math attitude towards math
to son and daughter’s math attitudes, and these effects influence on math achievement.
METHOD
Participant
A total sample of 1,651 7th and 8th grade students participated this study from Shanghai, China. The
students were recruited by randomly selecting 53 mathematical teachers and all their students
participated in this survey. As the purpose of this study was to compare the gender difference, the
students (11.8% of them) whose gender information was missing were not included in the analysis.
There were 48.4% of 7th grade students (51.6% of 8th grade students), 50.8% of boys (49.2% of girls),
and 67.7% of single child in the sample included in the analysis.
Measure
Math anxiety was assessed by 5 items rated from 1 (strongly disagree) to 4 (strongly agree). Sample
items included “I am nervous when I have to solve the math problems,” “I am worried that I cannot
understand in math classroom,” “Math tests make me nervous,” “Math makes me nervous”. The
Cronbach alpha was 0.846.
Parents’ attitude towards math was measured by one single item rated on a scale from 1 (strongly
disagree) to 4 (strongly agree) for father and mother, respectively. The items were “My father likes
mathematics” and “My mother likes mathematics”. The correlation coefficient between these two
items was 0.49, p <.001.
Mathematical achievement was the examination score which collected from their final examination in
that semester. Control variables included “the only child” and the father and mother’s education level.
Analysis strategies
Structural Equation Modeling (SEM) was employed to examine the relationships among parents’
attitude towards math, math anxiety, and math achievement. The full information and analyzed in
Mplus for male and female students separately. Full information maximum likelihood was used to
estimate the missing data. The simple slope was used to further examine the interaction effects.
RESULTS
The relationships among father and mother’s attitude towards math, the interaction between father and
mother’s attitude towards math, math anxiety, and math achievement were examined for female and
female students, respectively. The results for male and female were both showed a good fit to the data.
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However, the results showed that mother and father’s attitude had no significantly influences on males’
math anxiety and math achievement. The results for female students were reported.
-0.153**

FAM

-0.089

Math anxiety
-0.136**

MAM

-0.353***
0.008

FAM*MAM

0.061
Math
achievement

-0.045

Note: FAM denotes father’s attitude towards math; MAM denotes mother’s attitude towards math;

Figure 1: SEM model for daughters
The SEM model (see Figure 1) showed a good fit to the data. The goodness of fit was χ2= 83.195, df=
36, RMSEA= 0.043, CFI= 0.969, TLI= 0.957, SRMR=0.025. Factor loadings of math anxiety were
ranging from .64 to .79. Father’s attitude towards math had signicantly reduced daughter’s math
anxiety (β = -.15, se = .050, p = .002). Mother’s attitude towards math had no significantly related to
daughter’s math anxiety (β = -.09, se = .051, p = .083). The interaction between mother and father’s
attitude towards math had significantly reduced daughter’s math anxiety (β = -.14, se = .049, p = .005).
The math anxiety had significantly reduced female students‘ math achievement (β = -.35, se = .040, p
= .0001). After controlling math anxiety, mother and father’s attitude towards math had no
significantly related to daughter’s math achievement. The interaction effects between mother and
father’s attitude towards math were also not significantly related to daughter’s math achievement.
Paths

Estimates

s.e.

p

95%CI

FAM→Math achievement

0.061

0.039 0.116 [-0.017，0.138]

FAM→Math Anxiety→Math achievement

0.054

0.019 0.004

MAM→Math achievement

0.008

0.039 0.842 [-0.067，0.084]

MAM→Math Anxiety→Math achievement

0.031

0.019 0.093 [-0.004，0.070]

FAM*MAM→Math Anxiety→Math achievement

0.048

0.018 0.009

FAM*MAM→Math achievement

-0.045

0.038 0.233 [-0.121，0.031]

[0.019，0.094]

[0.016，0.086]

Note: FAM denotes father’s attitude towards math; MAM denotes mother’s attitude towards math;

Table 1: Direct and indirect effects of father and mother’s attitude towards math on math
achievement
The mediating effects of math anxiety on the relationship between father’s attitude towards math and
daughter’s math achievement were examined. Results showed the total effects from father’s attitude
towards math attitude to math achievement was positive and significant (β = .12, se = .038, p = .003).
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the indirect effects showed that math anxiety significantly mediated the relationship between father’s
attitude towards math and math achievement (β = .05, se = .019, p = .005), 95% CI was from .019
to .094. The interaction effects between father and mother’s attitude towards math had significantly
improved math achievement by reducting daughter’s math anxiety (β = .05, se = .018, p = .009), 95%CI
was from .016 to .086. The direct effect of father’s attitude towards math to daughter’s math
achievement was not significant. The direct and indirect effects were presented in Table 1.
CONCLUSIONS
This study employed SEM to examine transmission of parents’ attitude towards math to their son and
daughter’s math attitude, respectively. Our results showed that only the transmission from father’s
math attitudes to their daughter’s was found. The interaction between father and mother’s math attitude
can also relieve daughters’ math anxiety. The transmissions of attitude towards math from mother to
daughter, mother to son, or father to son were not found in our study. Our results suggested that father’s
attitude towards math is important for daughter. The interaction effects between father and mother’s
attitudes towards math on daughter’s math anxiety and math achievement will be analyzed further by
using simple slope analysis and results will be further discussed.
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MATHEMATICAL IDENTITIES OF A HIGH SCHOOL MATHEMATICS
LEARNER IN LANDSCAPES OF MATHEMATICAL PRACTICE
Wellington Munetsi Hokonya, Pamela Vale Mellony Graven
Rhodes University, Grahamstown, ZA
This paper explores the mathematical identities of one high school learner who participated in an
after-school mathematics club in primary school. What is captured here is the story of one learner’s
mathematical journey, written several years after his mathematics club participation, as a grade 10
learner. We foreground Martin’s (2009) definition of mathematical identity as the dispositions
and deeply held beliefs that individuals develop about their ability to participate and perform
effectively in mathematics contexts and to use mathematics to change conditions of their lives. We
also draw on Solomon (2009) who views one’s mathematics identity as: beliefs about oneself as a
mathematical learner; beliefs about the nature of mathematics; engagement in mathematics and
perception of oneself as a potential participant in mathematics. The expanded paper provides
additional theoretical detail and presents a more comprehensive analysis of the narrative from this
learner.
INTRODUCTION
The apartheid era in South Africa ended in 1994, and education immediately became the vehicle for
transforming society and a political rhetoric of equity and quality education for all was prioritized
(Graven, 2014). The rhetoric of ‘equity and equality’ in education has been unmet for the majority of
South African learners, mostly from poor and economically disadvantaged communities where many
schools are dysfunctional. In response to apartheid’s legacy of compliant, passive and
teacher-dependent learners (Graven, 2015) the South Africa Numeracy Chair Project [SANCP] at
Rhodes University established after-school mathematics clubs for Grade 3 classes in selected schools
in 2012. The clubs foregrounded the development of “participatory, sense-making dispositions and
enabling learners to think independently and to develop both resilience and enjoyment of
mathematical challenge” (Graven, 2015, p. 3). The ‘traditional’ classroom emphasises ritual
participation in mathematics learning, where learners’ actions are geared towards pleasing others
rather than towards producing mathematical truths about the world (Heyd-Metzuyanim,
2015). The after-school mathematics clubs sought to shift these passive learning identities. In the
clubs, learners make sense of their mathematics and engage and participate actively in mathematical
activities in smaller groups.
Identity theory as applied in much of the research in mathematics education is rooted in the early 20th
century work of Mead (Darragh, 2016). The sociological perspective of Mead’s framework of
identity is summed up by Stryker and Burke (2000, p. 285) as follows:
society is seen as a mosaic of relatively durable patterned interactions and relationships, differentiated yet
organised, embedded in an array of groups, organisations, communities, and institutions and intersected by
crosscutting boundaries of class, ethnicity, age, gender, religion and other variables.

Learners’ lives are thus a reflection of society and their behaviour and conduct are informed by their
experiences of the world. Many influential works on identity in mathematics education (Darragh,
2016) are aligned to the Meadian school of thought that the self reflects society. Individuals therefore
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have various identities that reflect the practices and ways of participating in various groups in their
societies.
Sfard and Prusak (2005, p. 47) point out that “with their tendency to act as self-fulfilling prophecies,
identities are likely to play a critical role in determining whether the process of learning will end with
what counts as success or with what is regarded as failure”. Given the importance of understanding
learner identity, particularly for marginalised learners, this research seeks out learners’ own accounts
of their mathematical stories to understand them better. This is of particular interest regarding learners
who have participated in after-school mathematics clubs, as they had an opportunity to engage in
learning communities that were designed to promote different learner identities to those promoted in
the traditional classroom.
We focus here on the analysis of one learner’s story. Solomon’s (2009) identity framework has allowed
insight into how this learner negotiates and re-negotiates his mathematical identities as he participates
in various landscapes of mathematical practice (Wenger-Trayner & Wenger-Trayner, 2015). Solomon
(2009) argues that mathematical identities incorporate: (i) beliefs about one’s self as a mathematics
learner; (ii) beliefs about the nature of mathematics, (iii) engagement in mathematics, (iv) perception
of self as a potential participant in mathematics and (v) one’s perceptions of how others perceive them
as a mathematics learner.
We use the first four of these aspects to identify common themes from this story. The strand that
focuses on one’s perceptions of how others perceive them as a mathematics learner will not be
discussed because we did not gather data on how others perceived the learner. We use the first strand
of Solomon’s framework of search for moments in the learner’s narrative where he describes himself
specifically as a mathematics learner. The second strand in Solomon’s framework relates to beliefs
about the nature of mathematics. Here we analyse themes that explain the learner’s notions about the
inherent features of mathematics evident in the story. For the third strand we look at themes that
correspond with the learner’s participation in mathematical activities in the narrative. The final strand
refers to perception of self as a potential participant in mathematics, and this relates to the learner’s
discourse about how he perceives himself as a doer of mathematics. We argue that a learner’s
perception of themselves as a potential participant relates to how they talk about working with others
or alone when solving mathematical challenges.
RESEARCH DESIGN AND METHODOLOGY
The study is a qualitative case study in which we aim to capture the reality of the participants’ lived
experiences of and thoughts about their mathematical identities. We seek to answer the question: What
are the mathematical identities of high school learners who participated in an after-school mathematics
club in their primary school years? After being granted ethical permission from all gatekeepers, we
invited twenty learners, from 3 previous clubs, to participate. Fifteen learners agreed to take part in the
study. Learners attended a fun day where they participated in various mathematics challenges and were
also given the following writing prompt: “Write your story of yourself as a mathematics learner from
Grade 1 to now”. The learners spent approximately 30 minutes writing. These learners were all in
grade 9 or grade 10 at the time.
For the purposes of this paper we focus our analysis on only Ayabonga’s (name changed) story.
Ayabonga is a grade 10 learner who attended a club for two years (in grades 3 and 4). To analyse his
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story we coded each fragment of text. These fragments were delineated as being a phrase, sentence or
group of consecutive sentences that conveyed a single idea. On first reading, the story was broken
down into utterances, and thereafter a further reading determined which category each utterance was
classified as. This coding was done 5 times by the first author, and twice by the second author to
establish inter-rater reliability and to reach data saturation in the coding.
FINDINGS
We reflect on Ayabonga’s story in the following text. The entire story was coded and a table showing
the groupings of the coded fragments for the full story is provided in the extended paper. Direct quotes
are taken from Ayabonga’s story, and the superscript number following each quote indicates the order
in which the fragments appeared in the story.
Ayabonga begins his narrative by revealing his initial beliefs about the nature of mathematics
(Solomon, 2009). He writes that, “I hated it because I was always told that maths is hard, so I had that
mindset”(1) from the start of school. Ayabonga acknowledges external influence when he writes that
his teacher “helped to change that mindset”(2). According to Ayabonga, the teacher taught him to view
difficulties in mathematics as challenges that don’t need to be seen as hard to him. His notions about
the nature of mathematics as being difficult and challenging are consistent in his story.
Although Ayabonga presents mathematics as difficult, he explains that he “started practising maths
every day”(8). We see agency in his narrative when he writes that, “I practiced maths harder than ever
until I got to a point where I was so good in Maths that my previous school sent me around the town
and province doing maths competitions”(11). His engagement in mathematics (Solomon, 2009) was not
limited to him working alone as he collaborated with others in the mathematics club, his sister and his
classmates: “When maths club ended my sister helped me to practise maths”(9) and in high school “I
met people who also love maths and that I loved because we helped each other”(12). Ayabonga’s
engagement in mathematics activities could be credited to his stated “love and passion for maths”(13)
which compelled him to “chose (sic) to do Math in grade 10”(13).
Ayabonga’s perception of himself as a potential mathematics learner (Solomon, 2009) allowed him
to disregard the general discourse that mathematics was too difficult and chose rather to engage in it.
He explains that:
...people kept on wishing that they could change maths, […] I saw this as a chance to test myself, so I
practiced maths harder than ever until I got to a point where I was so good in Maths that my previous school
sent me around the town and province doing maths competitions. (11)

His affinity for mathematics resulted in school recognition when he was chosen to represent his school
at various mathematics competitions. Ayabonga also shows that it is possible for the general perception
that mathematics is difficult to not dictate a learner’s view of mathematics. He argues that, “just
because people think maths is hard does not mean it should be hard to (sic) me too”(3).
Ayabonga is clear about his beliefs of himself as a mathematics learner (Solomon, 2009). His story
begins with the admission that when he started school, he “hated it because I was always told that
maths is hard, so I had that mindset”(1). The hatred did not come from personal engagement with the
subject but from the discourse that mathematics is hard that he was accustomed to hearing in his
learning communities. He later writes that, “[a]s I grew up I started to develop love for maths”(4). After
engaging with the subject he reports that this need not be the case for him. He continues to explain
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that, “[m]y love for maths grew and I started practising maths every day because I wanted to solve [the
club leader’s] maths problem and that has always motivated me to be the best maths student I can
be”(8*).
Ayabonga’s beliefs about himself as a mathematics learner continued to shift positively as he
progressed from primary school to high school. This despite the challenges the curriculum presented.
He writes that:
I met people who also love maths and that I loved because we helped each other because maths starting from
grade 9 started being super difficult and we stayed together and worked as a team and we were able to pass
Math and my love and passion for maths never ended so I chose to do Math in grade 10. (12*)

Ayabonga holds positive beliefs about himself as a mathematics learner and views problems and
difficult episodes in his mathematics learning trajectory as challenges that can be overcome.
CONCLUDING REMARKS
The theoretical framework offered by Solomon (2009) was able to account for all of the fragments in
Ayabonga’s story. What we see in Ayabonga is a learner whose mathematical learner identities reflect
those which the after-school mathematics clubs sought to develop. We do not see a passive learner
when reading Ayabonga’s story. Rather, he displays clear evidence of the “resilience and enjoyment
of mathematical challenge” (Graven, 2015, p.3) that these clubs aimed to develop.
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“MAKE A TUTORIAL!” – THE IMPACT OF A CLASSROOM VIDEO
PROJECT ON EMOTIONS, MOTIVATION AND ACHIEVEMENT
Daniel Barton
Bielefeld University; Germany
The complex process of learning is influenced by many parameters. In addition to content
knowledge, affective variables have an impact on student’s learning processes and achievement.
Based on the link of affect and achievement a study about a mathematical video project was
implemented to investigate its impact on emotions, motivation and achievement. Six ninth grade
classes (N=143; N(Intervention Group) = 65, N(Control Group) = 78; mean age = 14.6 years) from secondary
schools in Germany participated in the project. The students worked at two project days in groups
on a video tutorial about spatial geometry. The participating students worked autonomous on the
mathematical content, developed a concept to implement this content in a video setting and produced
the video tutorial. Results show that the participants experienced positive emotions while working on
the project and indicate a positive shift in student’s interest in and motivation for dealing with math.
THEORETICAL BACKGROUND
In the context of teaching and learning emotions are powerful determinants as they affect cognitive
processes, achievement and motivation of the students (Pekrun et al. 2002a). Achievement-activity
related emotions are called ‘achievement emotions’. Accordingly, emotions in school which are
linked to success and failure are achievement emotions (Pekrun 2006). Emotions and motivation are,
as Schukajlow et al. (2017, p. 307) proclaim “important prerequisites, mediators, and outcomes of
learning and achievement”. Positive-activating emotions, like enjoyment, during mathematic lessons

Figure 1: Control-Value Theory of Achievement Emotions (Pekrun 2006)
emerge interest in mathematics, motivation to engage and as a consequence of these factors a
positive effect on students achievement and grades (Murayama et al. 2013; Schukajlow & Rakoczy
2016). In contrast negative-deactivating emotions such as boredom might cause disengagement and
are expected to have a negative influence on students’ grades and performance (Pekrun 2002a). It is
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assumed that certain appraisals effect achievement emotions. The control-value theory of
achievement emotions (Fig. 1) describes, that ‘perceived value of’ and ‘perceived control over’
achievement activities, outcomes and situations are in particular relevant for the evocation of
achievement emotions (Pekrun 2006).
From an educational perspective, appraisals are important as well, since they can be assumed to mediate
the impact of situational factors, and can be targeted by educational interventions intended to foster
positive emotional development (Pekrun 2006, p. 317).

In order to influence control, values and emotions positively, Pekrun (2006) identifies related factors,
like creating learning environments, which support autonomy and cooperation, finding a
performance-enhancing choice of tasks and giving cognitive quality instructions, inducting values
such as fostering students’ self-regulation of emotions (Fig. 1).
STUDY
The current study draws on these factors. It is assumed, that the modeling-related and applied
learning concept presented in this paper, which is embedded in a social and learning environment,
fosters student’s emotions positively, increases interest in math and generates a positive learning
effect on geometric basic competences.
Grade 9 students from a German high school produced mathematical tutorial videos in the field of
spatial geometry in small group work. The project was conducted after the students had been taught
the topic (spatial geometry) in class. Hence it can be expected that they can draw on the knowledge
they have developed during the teaching of this unit. At the beginning of the project a brief
introduction about the tasks and technical equipment was given. After the outline of the basic

Figure 2: Project Plan
information each group worked self-contained on one geometric solid. First, the students analyzed
the geometric solid. They described the shape, named and explained the formulas to calculate its
surface and volume and related the solid to an example from the real world. The focus of this
working phase was on the process-related competences of mathematical arguing, modeling, using
mathematical representations and elements such as the mathematical communication. Furthermore,
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the individual groups developed a concept for the medial implementation of the compiled
mathematical content. Afterwards the groups presented their findings and concepts. Thereafter each
group started filming and implementing their mathematical results into a medial setting. Finally, the
groups presented their self-made tutorial video. It is assumed, that a high degree of individual value
inheres in the project. The autonomous and cooperative working, like developing a creative concept,
incorporating the mathematical content into this concept and presenting their tutorials and the
integration of media reinforce this assumption (Ludwig, 2008). The project-settings constitute a
learning environment like Pekrun (2006) demands.
Research questions
The current study seeks to investigate whether and to which extent a learning progress and a positive
impact on emotions and motivation can be achieved through the participation in the project. The
assumptions concerning the research questions are: (1) Working in the project increases motivation
and interest in mathematics in general. (2) Participating in the project fosters student‘s state emotions
positively. (3) Working in the project generates a positive learning effect with respect to basic
geometric knowledge and understanding.
Research design
The projects influence on stable emotions (trait), motivation and interest in mathematics was
determined by a survey (17 items on appraisals; 24 items on emotions; 11 items on motivation) from
the „Project for the Analysis of Learning and Mathematics“ longitudinal study (Pekrun et al. 2002b).
The study followed a pre-post-test design with a delayed post-test (Fig. 2), i.e. the participating
Grade 9 students completed the survey before the start of the project (pre: trait t1), after the project
(post: trait t2) and three months after they finished their videos (follow-up: trait t3). The students were
asked to indicate inter alia their math-specific enjoyment or boredom by rating the degree to which
the statements were true in a 5-point Likert scale (1 = not true at all, 5 = completely true).
To ascertain unstable situational emotions while the project was running, the intrinsic motivation
inventory (Deci & Ryan 2000) was used (7 items on interest / enjoyment; 5 items on perceived
competence; 5 items on values / usefulness; 5 items on pressure / tension). In order to investigate
potential content-related learning effects the participants carried out a self-developed pre-, post and
follow-up test. The test-items on geometric solids involved describing, reproducing, explaining and
representing mathematical content and appliance, working and solving complex mathematical issues.
Results
A sample of results of the stable emotions and motivation survey concerning the first assumption is
presented in this chapter. There was an increase in the mean level of enjoyment in the sequence of
pre (M(t1) = 2.67, SD(t1) = .91), post (M(t2) = 2.81, SD(t2) = .96) and follow-up (M(t3) = 2.87, SD(t3)
= 1.02) measurements. A repeated measure ANOVA with Huynh-Feldt correction determined that
mean levels of enjoyment showed a statistically significant difference between the measuring points,
F(1.79, 112.52) = 3.94, p = .027, partial η2 = .058. Regarding the mean level of boredom there was a
change of the statistical values in the pre (M(t1) = 2.38, SD(t1) = .84), post (M(t2) = 2.21, SD(t2) =
.89) and follow-up (M(t3) = 2.09, SD(t3) = .77) tests. A repeated measure ANOVA determined that
mean levels of boredom showed a statistically significant decrease at the measurements, F(2, 128) =
7.10, p = .001, partial η2 = .10. In terms of motivation there was a development in intrinsic
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motivation shown in the results of the pre (M(t1) = 2.75, SD(t1) = .88), post (M(t2) = 2.92, SD(t2) =
.93) and follow-up (M(t3) = 2.97, SD(t3) = .99) measurement. A repeated measure ANOVA with
Huynh-Feldt correction showed that mean levels of intrinsic motivation indicated a statistically
significant difference between the tests, F(1.82, 116.71) = 3.82, p = .028, partial η2 = .056. The selfefficacy also increased between pre (M(t1) = 3.23, SD(t1) = .98), post (M(t2) = 3.38, SD(t2) = .96) and
follow-up (M(t3) = 3.52, SD(t3) = .97) data collection. The mean levels of self-efficacy indicated a
statistically significant difference between the measurements by a repeated measure ANOVA with
Huynh-Feldt correction, F(1.84, 117.70) = 8.65, p < .001, partial η2 = .119.
Discussion
The assumption “working in the project increases motivation and interest in mathematics in general”
(1) can be confirmed in terms of the stable emotion enjoyment, boredom, intrinsic motivation and
self-efficacy. Researchers such as Pekrun (2006), Murayama et al. (2013) and Schukajlow and
Rakoczy (2016) emphasize the effect of positive-activating emotions, like enjoyment, on motivation.
The findings of the study underline this connection. The decrease of the negative-deactivating
emotion, boredom, also strengthens the assumption. Pekrun (2006) postulates the support of
autonomy and cooperation, a performance-enhancing choice of tasks and the induction of values to
create a learning environment, which affect positive emotions and as a consequence an increase of
motivation and interest. The video tutorial project turned out to be a successful instance for the
implementation of these factors in a practical and action-oriented learning environment.
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PERCEIVED DIFFICULTY IN ANSWERING MATHEMATICAL TASK:
REFLECTIONS ON METACOGNITIVE FACTORS.
Marta Saccoletto, Camilla Spagnolo
University of Torino, Free University of Bolzano/Bozen
The paper shows the main results of a qualitative survey focusing on students' perceived difficulties
after solving mathematical tasks (Grade 9 and 10 students). The aim is to identify factors that influence
students' perceived difficulty. Although the factors that contribute to increasing or decreasing the
difficulty of a task (in an absolute sense) are widely discussed in the literature, student perceived
difficulty regarding a mathematical task is not. We believe that the analysis of the questionnaire and
interviews conducted with students highlight some important reflections on the influence that
metacognitive factors have on students.
INTRODUCTION AND BACKGROUND OF THE RESEARCH
Difficulty in mathematics is an extremely broad and fundamental issue in Mathematics Education
research. It concerns several aspects already widely discussed in the literature (Radmehr & Drake,
2017). Many researches aim to understand its causes, and identify factors of different nature that affect
the phenomenon (see for example McLeod, 1992). In particular, factors highlighted in the literature
are related to (i) difficulty of the task in terms of task formulation (e.g. Bolondi et al., 2018) or
complexity due to the content of the question such as numerical magnitude complexity (e.g. Thevenot
& Oakhill, 2005); (ii) students' abilities or skills (e.g. Vicente et al., 2007); (iii) affective factors (e.g.
Di Martino & Zan 2010).
We investigated how these aspects, related to students' attitudes and beliefs in mathematics, can
influence a student's perceived difficulty. Specifically, the purpose of our research is to highlight some
features related to the perceived difficulties students experience when facing a mathematical task.
Affective factors, such as beliefs, emotions, and attitudes (McLeod, 1992) are the ones that come
closest to the purpose of our research.
Few research has explored these factors and there is no single definition of “perceived difficulty” in
the field of Mathematics Education. Nevertheless, we try to explain what we have in mind considering
a specific situation. We can consider when a student faces a mathematics task. In that moment, the
student could run into multiple difficulties that may depend both on the student's own characteristics,
such as his/her skills and knowledge, his/her beliefs and attitudes; or by task peculiarities, such as the
text or the mathematical content involved. On the other hand, these latter item characteristics might
influence the student's idea of the task, and they might help to set up his/her perceived difficulties.
Consequently, difficulties and perceived difficulties are two different - but closely related - aspects. In
particular, we reckon that perceived difficulties affect the students behavior in addressing the task.
In this paper we deal only with the factors that influence the
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perception of difficulty after solving the task, and in particular with the difficulties students encounter
in evaluating maths tasks.
INQUIRING DESIGN
The study is a work in progress. The experimentation involved 79 students: two Grade 9 classes and
two Grade 10 classes, from the same School. Students completed an online questionnaire which was
followed by in-depth interviews. The questionnaire was administered in-person to students and was
filled out through Google forms. The interviews were conducted remotely through Google Classroom
(applet Meet) with the idea of helping categorize some of the answers given by the students.
The questionnaire was composed of four sections. The questions in Section 1 aimed to investigate
metacognitive factors and factors related to students' attitudes and beliefs, as negative or positive
attitudes towards mathematics. The questions in Section 2 and 3 referred to two specific mathematics
tasks (represented in Figure 1). We asked the students to solve the tasks and, for each one, to respond
to specific questions related with the perceived difficulties.

Figure 1: Task 1 belongs to Section 2 administered to Grade 08 italian students by INVALSI in 2017
and task 2 belongs to Section 3 administered to Grade 10 italian students by INVALSI in 2014.
We choose two mathematics INVALSI1 tasks, because INVALSI tasks are statistically validated
(Lazersfeld, 1958). We paid attention to argumentative questions relating to the Numbers area. With
the help of the teachers of the classes involved in the experimentation, we selected tasks whose content
had already been dealt with. This decision made it possible to exclude that the perception of difficulty
was influenced by the fact that the students did not know the topic. The two chosen items involved
mathematical similarities and differences. From one hand, the task chosen for Section 2 was a multiple
choice task that required to recognize a correct argumentation, while the task chosen for Section 3 was
an open-ended task that required to produce an argumentation. On the other hand, for both items, the
content was related to literal calculation and both tasks could be solved using the same strategy:
proving the falsity of a statement through a counterexample. Final questions in Section 2 and 3
respectively were mostly open-ended questions and were the same for both sections. Thepurpose of
these additional questions was to inquire students' ideas and to link them - in a strictly qualitative way
- with students’ attitudes, beliefs or peculiar INVALSI items elements. Finally, in Section 4 we asked
the students which of the two items they consider more difficult and the reason
1

INVALSI is a research organization that carries out periodic and systematic tests on students' abilities and skills (for
school grades 2, 5, 8, 10, 13) and manages the Italian National Assessment System (SNV).

52

Saccoletto, Spagnolo
why. Results presented below refer specifically to questions presented in section 4 which is related to
questions in sections 2 and 3.
RESULTS
We focus in particular on three questions of the Section 2, 3 and 4 of the questionnaire:
● Section 2 - D1: On a scale 1 to 10, how difficult did you find this [first] task?
● Section 3 - D2: On a scale 1 to 10, how difficult did you find this [second] task?
● Section 4 - D3: Compare the two tasks you addressed during this test. Which of the two tasks
did you find more difficult?
Concerning questions D1 and D2, students’ answers are distributed among all choice options, and does
not emerge e particular preferences (also the average are quite similar for the two questions). While,
in answering question D3, we reckon a difference between the difficulty perception of the two maths
tasks, as almost fifty percent of the students stated that they had found the second maths task more
difficult.
Consequently, we investigated the consistency of the students’ answers to D1, D2 and D3. The result
is represented in the graph below.

Figure 2. Comparison between students’ answers to D1, D2 and D3.

Every little point corresponds to one student answer, the size is directly proportional to the frequencies.
The bigger bubble corresponds to a frequency equal to 4. The cartesian plane coordinates represent
the answers to the question D1 and D2. The abscissa value is the difficulty level attributed to the first
INVALSI task (Task 1) and the ordinate is the value attributed to the second INVALSI task (Task 2).
Moreover the color represents the answer to the third question (D3), as shown in the legend of Figure
2. For example, the blue point with coordinates (10; 3) represents a student that attributed difficulty
level equal to ten to the first INVALSI task, equal to three to the second INVALSI task and stated
he/she founded the two tasks difficult alike.
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This graph confirms, at least for some students, the mismatch between the difficulty level chosen
during the single item evaluations (i.e. the answers to D1 and D2) and the tasks’ difficulty comparison
(question D3). In fact, if, for each student, all the three answers were consistent, all the blue points
would belong to the bisector, all the yellow points to the x> y half plane and all the red points to the
y> x half plane. Thanks to the graph, we can easily reckon that this is not the case. Particularly, this
widespread behavior affects half of the students (50%). In our opinion, this could be evidence of
students’ difficulty in evaluating a task, or it could indicate that students consider different factors
during the individual tasks’ evaluation or the comparison. Further studies will be necessary to
investigate the phenomenon.

DISCUSSION AND CONCLUDING REMARKS
We have highlighted in previous research that a student's perceived difficulty seems not to be related
to being able to correctly answer the question, rather it seems to include more metacognitive factors
and self-perception (Saccoletto & Spagnolo, in press). In this paper we highlight a fundamental feature
that emerges from the analysis of the qualitative questionnaire: when a student expresses his/hers
perceived difficulty in relation to a single task or in comparing several tasks, we get different results.
Student interviews suggest that this choice depends on factors related to attitudes and beliefs.
Starting from the qualitative phase results, we will build an adaptive questionnaire, and we will inquire
whether it is possible to arrange the question in order of difficulty.
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AFFECTIVE ISSUES IN THE LEARNING OF ABSTRACT ALGEBRA
Marios Ioannou
Alexander College
Abstract Algebra is considered by many novice undergraduate mathematics students as one of the
most challenging courses in their curriculum. Their difficulty involves both cognitive and
metacognitive aspects. This study is part of a larger qualitative study on the learning of Abstract
Algebra, and aims to investigate the affective responses of undergraduate mathematics students in
their first encounter with course, using Goldin’s Theoretical Framework of Affect. Data analysis
suggests that there have emerged nine contributing factors influencing the affective responses of
these students, namely the abstract nature of the particular course, the occasionally extensive time
required to grasp the algebraic notions and be able to solve the mathematical tasks, the preparation
of the coursework, the seminar system, the interaction with the lecturer and the student advisers, the
collaboration with peers, any previous encounter with the course, their ability to visualise, and their
command of English language.
BACKGROUND
The majority of undergraduate mathematics students consider Abstract Algebra (i.e. Group Theory
and Ring Theory) as one of the most demanding courses in their curriculum, in which they face both
cognitive and metacognitive challenges (Ioannou, 2012). Often, after their first encounter with Group
Theory, students tend to avoid further courses in this area of mathematics. Nardi (2000) attributes
student’s difficulty to its multi-level abstraction and the less-than-obvious, to the novice, raison
d'être of concepts such as cosets, quotient groups etc. In addition, Abstract Algebra requires “deeper
levels of insight and sophistication” (Barbeau, 1995, p139). Weber (2001, 2008) and Ioannou and
Nardi (2010) suggest that cognitive difficulties are related to metacognitive issues concerning
students’ coping strategies in the learning process, for example proof production and consequently
affective issues. Additionally, the students’ introduction to the novel ideas of groups takes place in
the unfamiliar academic context of large-scale lectures. This unfamiliarity is likely to exacerbate
their difficulty with the topic (Mason, 2002, p52). Also, as it is often suggested by research (e.g.
Millet, 2001), lecturing to large student audiences has an arguable effect on student engagement.
This study examines the affective responses of undergraduate mathematics students in their first
encounter with Abstract Algebra, using Goldin’s Theoretical Framework (GTF) (Goldin, 2000), as
further developed by Weber (2008), yet not restricted in the problem solving process, as GTF strictly
suggests, but generalising in the entire learning experience.
THEORETICAL AND METHODOLOGICAL FRAMEWORK
GTF defines affect in mathematics in terms of four elements: beliefs and belief structures;
attitudes; emotional states; and, values, ethics and morals. Particularly significant is the notion of
local affect, “the rapidly changing states of feeling that occur during problem solving – emotional
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states, with their nuances” (Goldin, 2000, p210). Goldin describes eight such emotional states and
several possible ways in which these affective states may lead to certain problem-solving strategies.
Data partly refers to problem solving – as much of the student experience in Abstract Algebra
revolves around their engagement with the courseworks. However, data also involves direct evidence
of students’ affective responses to Abstract Algebra as well as accounts of these affective responses
(for example in the interviews).
According to Goldin (2000) at the first stage of problem solving the student is likely to experience
feelings such as curiosity, puzzlement or bewilderment. Following this there are two possible
affective pathways: favourable (i.e. emotions of encouragement, pleasure, elation and
satisfaction) and unfavourable (i.e. emotions of frustration, anxiety and fear/despair). Affective
pathway is defined as “a link between one’s affective and cognitive representation systems (i.e. a
consistent cognitive response to an emotional state)” (Weber, 2008, p82). These pathways in local
affect lead to global affective structures such as specific representational schemata, general selfconcept structures as well as (particularly the second pathway) self – mathematics – science –
technology resentment. Weber (2008) suggests that these affective pathways may be selfstrengthening if their duration is long. A repeated emotional experience is possible to cause stable
attitudes and beliefs that may be related to particular cognitive responses (Goldin, 2000). Moreover,
as suggested by Weber, mathematical understanding is organic, since, when students feel that they
have achieved some understanding in one mathematical topic and find it pleasurable, they want to
extend their understanding with regard to this and other mathematical areas.
This study is part of a larger research project, which conducted a close examination of Year 2
mathematics students’ conceptual difficulties and the emerging learning and communicational
aspects in their first encounter with Abstract Algebra. The module was taught in a research-intensive
mathematics department in the United Kingdom, in the spring semester of a recent academic year.
This module was mandatory for Year 2 mathematics undergraduate students, and a total of 78
students attended it, and of them 13 volunteered to give semi-structured interviews. The module was
spread over 10 weeks, with 20 one-hour lectures and three cycles of seminars in weeks 3, 6 and 10 of
the semester. The role of the seminars was mainly to support the students with their coursework. The
module assessment was predominantly exam-based (80%). In addition, the students had to hand in a
threefold piece of coursework (20%) by the end of the semester. Due to limited space, this study only
highlights the main affective issues that emerge in the analysis of the student interviews.
FINDINGS
There have emerged several repeated factors that influence favourably or unfavourably students’
encounter with Abstract Algebra. Regarding the nature of Abstract Algebra per se, six students
expressed their dislike and four students stated their preference compared to other, more applied
mathematical subjects. This unfavorable attitude towards Abstract Algebra is mostly due to its
abstract nature, the general rigour that characterises pure mathematics in general, and their difficulty
to connect with the real world. Working on the coursework without any immediate results is
probably the most serious factor of unfavourable attitude development. Nine students stated that this
fact causes frustration and has an unfavorable impact on their confidence and engagement. Yet, once
this issue is overcome, then emotions of satisfaction and elation occur.
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And if you try to solve one problem and somehow you’ve spent the whole day just staring at it and trying
to do it, and at the end of the day, you’ve come up with nothing; do you know what I mean? And you
spend the whole day, you come up with no results, and you thought – what’s the point of doing any of this
sort of thing, you know what I mean – you sort of feel like giving up with it, but after just ignoring it and
come back later, so you’ve sort of more idea going into the head? So you sort of like find something or –
sort of just suddenly, just something that pop up in your head, you think that’s good, and then you try to do
it, and work out, so that’s give you the satisfaction? Student A

The process of preparation for the coursework as such is also a factor that influences students’
attitude. Seven students directly stated that they are anxious in their effort to get prepared for the
coursework whereas only one student expressed overtly his enjoyment to do so. Ten students
discussed in detail the role of seminars and how they work at the moment within the department.
Four students said that seminars are very helpful and contribute positively to their learning
experience and engagement, whereas in six occasions students expressed their dislike and
disagreement in the way seminars work.
Yeah, sometimes it is quite hard to go there... for you to go there... some seminars you've got the support
but it depends who turns up. I think some of the ones near the end… I mean some people go to more than
one seminar, which that is a bit over... I do find that a bit annoying when people... […] Some people like to
go to one seminar then they go to another seminar later which is a bit annoying because one seminar there
are so many people all going to that one seminar... […] So I hardly can get the help there so... Student B

The advisers and the department are very supportive and helpful according to six students,
whereas two students believe that they do not have the support they need. Regarding the lecturer
five students stated that the lecturer of the module is very good, expressing also their preference
regarding his methods whereas two students do not like his methods considering his teaching rather
formal and hasty. Three students talked positively about their previous encounter with Group
Theory, and how this has influenced favourably their confidence towards the current course. Most
probably, the strongest positive factor influencing favourably students experience was working with
peers. Eight students discussed the importance of working with their peers and how this gives them
confidence and encouragement. Two students said that they do not like to work with other, the one
because he feels that it is time consuming and the other because she does not want to.
Err... when you can’t do the coursework, it’s - it gets frustrating, you get worried, um, - but nothing too
serious. […] Yeah, um, I mean as I say, we normally try and err… help each other in a group, so if one of
us can’t do it, then err… either someone in the group helps us, if they’ve done it, or if none of us can do it,
we can’t work it out, then we do go and see the lecturers. Student C

Regarding visualisation, six students expressed their difficulty to visualise in this module and how
this influences their understanding and confidence. Three students expressed their frustration for the
fact that they do not know whether their solutions in this module in particular are adequate or
finished.
I just think they’re so... it’s – it’s so hard to just – to see it, oh, I dunno... you have to visualise it but also
just to... like there’s a lot of different like little bits to it, but they seem so similar, but there’s a little slight
change that makes it completely different, and gives it a completely different meaning. […] Yeah, and
like... in the proofs as well, it’s like – oh, but the – that means this, and it’s just trying to understand just
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why that means that, and because I can’t see it in my head, and I can’t visualise it, it just – I don’t see why
they’re so you know – like it goes and therefore this, and I’m just like – but why? Student D

Finally, it is interesting to notice that the three foreign students whose command of English
language was poor, this has influenced their learning experience, attitude and affective responses
unfavourably. The language as such is a problem, but this difficulty led them to state and believe
that their level of intelligence is not adequate for Abstract Algebra, and therefore their lack of
motivation, as expressed in the interviews, is quite serious.
CONCLUSION
The learning of Abstract Algebra is indeed an arduous task for the majority of mathematics students,
especially in their first encounter with this field of pure mathematics. This study suggests that the
cognitive difficulties are intertwined with metacognitive challenges, some of which involve the
development of favorable, but more often unfavourable affective feelings. It also briefly highlights
the following issues that contribute to the development of these affective pathways: the level of
abstraction of the particular mathematical area and the required rigor that pure mathematics requires;
the lack of patience and experience required in novice mathematics students’ efforts to solve the
coursework tasks; consequently the very process of preparing the coursework triggers, for most of
the students, unfavorable feelings of frustration, anxiety and in some cases despair, which are only
overcome in the cases where the solution has been accomplished; the social aspect of learning,
involving the interaction with the lecturer the seminar staff and peers; the student ability to visualise;
and finally the command of the English language. In a future, more extensive study, the aim is to
discuss in more detail the affective issues that emerge in the learning of Abstract Algebra.
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A FRAMEWORK FOR LEARNERS’ MATHEMATICAL IDENTITIES
Aarifah Gardee, Karin Brodie
University of the Witwatersrand
In recent years, many researchers have turned to the concept of identity to better understand
learning in social contexts. Despite the proliferation of research on the concept of identity, there is a
need to define identity by drawing on established theoretical frameworks. We propose the use of
critical realism as a theoretical framework to define and research learners’ mathematical identities
as they are constructed in classrooms. By employing critical realism, identity is defined as a social
phenomenon, which exists in the real world and emerges from combinations of various generative
mechanisms. We distinguish between three generative mechanisms: personal identity, social identity
and agency, and we illustrate how these three generative mechanisms encompass subjective and
social influences, which are responsible for the emergence of learners’ mathematical identities. We
then propose a framework to understand learners’ mathematical identities as they are constructed in
classrooms through interactions with teachers.
INTRODUCTION
The last two decades have seen a significant increase in research on identity in mathematics
education, with the construct of identity being recognized as being important to understand
mathematics learning (Graven & Heyd-Metzuyanim, 2019). While the concept of identity shows
promise in furthering understandings of mathematics learning in schools, there are some challenges
associated with the use of the concept in research. The main critique raised by researchers concerns
the operationalization of identity, with the concept being poorly defined and at times, theoretically
incoherent (Darragh, 2016; Graven & Heyd-Metzuyanim, 2019). Another important critique
concerns the strong focus on social influences on identity (Radovic, Williams, Black & Salas, 2018),
with a limited focus on the role of subjective (or individual) influences on identity. A strong focus on
social influences tends to limit understandings of how the notion of self and agency are produced and
related to learning (Radovic et al., 2018). To address these concerns, we present an overview of
critical realism as a theoretical perspective and we show how critical realism enables theorizing of
learners’ mathematical identities, by considering subjective and social influences on identity. We
propose a framework to understand learners’ mathematical identities as they are constructed in
classrooms through interactions with teachers.
CRITICAL REALISM
Critical realism stems from the work of Roy Bhaskar (1998) and contends that knowledge is a social
construct, influenced by multiple interpretations, drawing on reasoning to judge the credibility of
theory and observations. Critical realism avoids the drawbacks of reducing the world to
interpretations or observations, by distinguishing between ontology, i.e. the word as it exists, and
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epistemology, i.e. the theoretical knowledge of the world (Tikly, 2015). For Bhaskar, ontology is
non-reducible to epistemology, as theoretical knowledge about the world is not reducible to the
world as it exists (Tikly, 2015). The goal of critical realism is to better understand the world, by
utilising and constructing theories to create knowledge approximating reality best.
The process of emergence is key to critical realism, since new phenomena emerge as consequences
of different combinations and relationships between other phenomena (Tikly, 2015). Identity is a
social phenomenon existing in the real world, which emerges from various relationships between
generative mechanisms. Bhaskar (1998) defines a generative mechanism as “nothing other than a
way of acting of a thing” (p. 38), which generates certain patterns of events. Generative mechanisms
are the underlying structures, which have causal powers responsible for the emergence of
phenomena, and the purpose of research is to describe such mechanisms and how they operate.
CRITICAL REALISM AND IDENTITIES
From a critical realist perspective, identity is defined as a social phenomenon, which exists in the
real world and emerges from various combinations of generative mechanisms. Archer (2002) and
Marks and O’mahoney (2014) describe three important generative mechanisms, i.e. personal
identity, social identity and agency, whose interactions are responsible for the emergence of identity
(Fig 1). Personal identity is the subjective dimension of identity (Radovic et al., 2018), and is defined
as an understanding of self, which emerges from the embodied, reflexive self and is constructed
through an individual’s interests and preferences (Marks & O’mahoney, 2014). Personal identity
emerges from relations between people’s emotions, motivations and future projections, which
informs what people prioritise in the world (Archer, 2002).
Social identity is the social dimension of identity (Radovic et al., 2018), which emerges through
social relations, and involves learners choosing to take up certain roles and responsibilities generated
by social structures, such as mathematics classrooms (Archer, 2002; Marks & O’mahoney, 2014).
While learners construct their own social identities, they are also offered social identities by others,
as teachers and peers provide learners with opportunities to become certain kinds of members of the
classroom community. The social identities constructed by learners are not reducible to the social
identities offered to learners by others; hence the notion of agency is a key for critical realism (Marks
& O’mahoney, 2014). Agency involves learners making active choices to participate in certain ways,
as influenced by social contexts (Etelӓpelto, Vӓhӓsantanen, Hӧkkӓ & Paloniemi, 2013). How
learners exercise agency is influenced by the social identities offered to them and their personal and
social identities. Concomitantly, as learners exercise agency, they develop their personal and social
identities, as they learn more about themselves, their interests, motivations and aspirations, and they
are able to assess the importance of their membership in the community.

Social identities
offered

Learners’ identities
Personal identity
Agency

Social identity constructed

Figure 1: Mechanisms responsible for the emergence of identity
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As learners enact their identities in classrooms, teachers can continue offering learners the same
social identities as previously offered or they can offer learners different social identities from those
previously offered. Furthermore, learners can continuously enact the same mathematical identities as
previously constructed, or change their identities over time, as influenced by the social identities
offered to them by different mathematics teachers, highlighting the contingent nature of identities.
LEARNERS‘ MATHEMATICAL IDENTITIES
Wenger (1998) relates identities to experiences of participation in communities. He differentiates
identities of participation from identities of non-participation, by distinguishing between full
participation, peripherality and marginality. Peripherality is distinct from full participation by
involving a form of participation where learners engage peripherally, rather than fully, with the tools
and resources of the community, while marginality is a “form of non-participation [that] prevents full
participation” and engagement with the tools and resources of the community (Wenger, 1998, p.
166). Full participation can lead to full membership, peripheral participation can lead to peripheral
membership, and in some situations, to full membership over a period of time; and marginal
participation can lead to non-membership or marginal positions in communities (Wenger, 1998). In
mathematics education, researchers show how learners can relate to their teachers and tasks, by
affiliating with teachers and tasks, merely cooperating with or resisting teachers and tasks (Cobb,
Gresalfi & Hodge, 2009). Based on our understanding of critical realism and research on identity, the
following framework was developed to understand learners’ mathematical identities in relation to the
social identities offered by teachers (Table 1).
Social identities offered

Mathematical identities constructed

Affiliation with the classroom community

Affiliation with, compliance with or resistance to
the classroom community

Marginalisation from the classroom community

Marginalisation from, compliance with
resistance to the classroom community

or

Table 1: Identities offered to and constructed by learners in classrooms
Teachers can offer learners social identities of affiliation, by providing them with full access to the
tools and resources of the classroom community. Some teachers also offer learners social identities
of marginalisation, by constraining learner access to the tools and resources of the classroom
community. While teachers offer social identities, learners exercise agency and can develop their
identities in different ways, as influenced by the social identities offered and their personal and social
identities. When learners are offered social identities of affiliation, they can construct their identities
in affiliation, by participating as full members of the classroom community. Similarly, when learners
are offered social identities of marginalisation, they can construct their identities in marginalisation,
by participating in limited ways or not at all as marginal members of the classroom community.
Sometimes, learners may choose to develop their identities differently from what is offered, by
constructing identities in compliance with or resistance to the social identities offered. Compliance
can be seen as a form of passive resistance, with learners participating in peripheral ways to become
peripheral members, rather than fully when offered a social identity of affiliation, or not at all, when
offered a social identity of marginalisation. Resistance is more of an active form of non-compliance,
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with learners not participating at all or participating in limited ways when offered social identities of
affiliation, or attempting to participate actively when offered social identities of marginalisation.
CONCLUSION
In this paper, we proposed the use of critical realism as a theoretical framework to define and
research learners’ mathematical identities. We defined identity as a social phenomenon existing in
the real world and we described three generative mechanisms responsible for the emergence of
identity: personal identity, social identity and agency. We showed how individual and social
influences form part of the three generative mechanisms. Based on our understanding of critical
realism, we developed a framework which illustrates how learners construct their mathematical
identities, in affiliation with, compliance with, resistance to or marginalisation from classroom
communities when offered social identities of affiliation with or marginalisation from classroom
communities by teachers. We hope that our research contributes to the development of identity
theory.
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A CONCEPTUAL FRAMEWORK RELATING MATHEMATICS CLUBS AND
MATHEMATICAL IDENTITIES
Lovejoy Comfort Gweshe & Karin Brodie
University of the Witwatersrand
Mathematical disengagement and disinterest are persistent problems in mathematics education, in
spite of decades of research related to mathematics teaching and learning. Research into mathematical
identities and mathematics clubs has tried to address these persistent problems. Researchers have
investigated mathematical identities and after-school mathematics clubs separately, but studies in
which clubs and identity are combined, are scarce. Guided by a social theory of learning, we put
forward a framework that relates mathematical identities and mathematics clubs, hoping that it will
assist in better understanding their relationships. Mathematics clubs that integrate identity messages
are expected to shift learners’ mathematical identities from largely fragile towards largely robust
identities.
INTRODUCTION
Researchers are concerned about many learners’ negative relationships with mathematics.
Mathematical disengagement and disinterest are persistent problems in mathematics education, in spite
of decades of research related to mathematics teaching and learning (Boaler, Dieckmann, PérezNúñez, Sun, William, 2018). Many learners find mathematics boring and disconnected from their
everyday lives (Aydeniz & Hodge, 2011; Boaler, William & Zevenbergen, 2000). Some learners do
mathematics for career opportunities associated with the subject, and others choose not to do
mathematics despite knowing the career opportunities it presents (Boaler et al., 2000).
In the classroom, pressures of syllabus completion and tests arguably allow for little or no time for
teachers to illustrate the fun, beautiful, engaging and useful side of mathematics. Some researchers
have shown that after-school mathematics clubs, where mutual engagement, meaning-making and
experimentation with mathematics are encouraged, have the potential to improve learners’
mathematical competence and interest (Prescott & Pressick-Kilborn, 2015). Other researchers argue
that positively transforming learners’ mathematical identities can improve their mathematical
engagement and competence (Heyd-Metzuyanim & Sfard, 2012). Studies investigating after-school
mathematics clubs, aimed at changing learners’ mathematical identities, are scarce. We therefore put
forward a conceptual framework relating learners’ mathematical identities and mathematics clubs,
hoping that it will assist in better understanding their relationships.
DEFINING MATHEMATICAL IDENTITIES
Mathematical identities are about people’s relationships with mathematics. Heyd-Metzuyanim and
Sfard (2012) argue that mathematical identities are reifying and significant stories about a person’s
relationship with mathematics, told by her/himself or by other people. A reifying story shows who a
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person is in relation to mathematics, while indicators of a story teller’s feelings, including what the
story teller “presumably considers important, appropriate or desirable” (Heyd-Metzuyanim & Sfard,
2012, p.133), shows the significance of a story. Identities are complex and encompass many elements
(Bishop, 2012), but for a deeper understanding while at the same time avoiding to be overwhelmed by
their complexity, we consider learners’ mathematical identities as encompassing their confidence,
beliefs and persistence in relation to mathematics (Bishop, 2012), and their sense of belonging to
mathematical communities (Wenger, 1998). We adopt the view that learners’ mathematical identities
are reifying and significant stories about learners’ relationships with mathematics, reflecting their
confidence, beliefs, persistence and sense of belonging. Confidence, beliefs, persistence and a sense
of belonging are interrelated, for example if learners have confidence in their own mathematical
abilities, they are likely to persist and develop positive beliefs about mathematics and a strong sense
of belonging to mathematical communities. Similary, each of the other elements of identity affect the
others.
THE CONCEPTUAL FRAMEWORK
The framework draws from Wenger’s (1998) social theory of learning, where learning is defined as
meaning-making through lived experiences, mutual engagement in joint enterprises, competence in
recognised community activities, and identity formation, occurring within communities of practice.
The close relationship between learning, identities, participation and communities, makes Wenger’s
social theory of learning a suitable lens for understanding how mathematical identities are developed
through mathematics clubs.

MATHEMATICS COMMUNITIES
After-school club:
Classroom:
Formal curriculum

Informal activities

Teacher, Peers

Mentors, Peers

Home:
Family

MATHEMATICAL IDENTITY
Personal identity
Robust personal
Fragile personal
identity
identity
Confident

Low confidence

Persistent

Low persistence

Positive beliefs

Negative beliefs

Social identity
Robust social
identity

Fragile social
identity

Sense of belonging

Sense of exclusion

Figure 1: A framework relating mathematics clubs and mathematical identities
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Mathematical identities
Figure 1 shows learners’ mathematical identities as composed of personal and social identities. A
personal identity is the subjective component of identity (Gardee, in press; Marks & O'Mahoney,
2014); a view of the self and personal characteristics made through individual decisions. A social
identity is about how a person is related to the collective (Marks & O'Mahoney, 2014), including how
s/he engages with other community members in a joint enterprise (Wenger, 1998). Confidence,
persistence and beliefs are personal characteristics and therefore elements of a personal identity, while
a sense of belonging or exclusion shows how a person is related to the collective, and is therefore an
element of a social identity. Personal and social identities are related to each other since confidence,
persistence and beliefs influence a person’s sense of belonging and exclusion and vice-versa. A
personal identity is told by the person, while a social identity can be told either by the person or by
others.
Learners can form robust or fragile mathematical identities, depending on how they feel about and
react to mathematical experiences (McGee, 2015). We consider a learner who shows a robust personal
identity and a robust social identity, i.e. confidence, persistence, positive beliefs about mathematics
and a sense of belonging to mathematics communities, as enacting a robust mathematical identity
(Figure 1). A learner who shows a fragile personal identity and a fragile social identity, i.e. low
confidence, low persistence, negative beliefs about mathematics and a sense of exclusion, enacts a
fragile mathematical identity. Learners who show relatively equal mixes of elements of robust and
fragile personal identities and social identities, enact a modest identity. Learners showing more
elements of robust identities enact largely robust identities, and those showing more elements of fragile
identities enact largely fragile identities. Therefore, learners can enact different forms of mathematical
identities which we classify as: robust; largely robust; modest; largely fragile; and fragile, depending
on the relationships between their confidence, persistence, beliefs and sense of belonging or exclusion.
Mathematics communities
The mathematics classroom, home and after-school spaces in which learners engage and participate in
mathematical activities are overlapping mathematics communities, in that learners move between
them. Mathematical activities, how mathematics is portrayed, and experience gained through social
participation within the overlapping communities are related to identity formation and learning
(Bishop, 2012; Wenger, 1998). Each community encourages a certain mathematics culture which can
be accepted or rejected by learners. Given the relationship between social participation and identities,
a change in community has the possibility of changing learners’ mathematical identities. Significant
others in the learners’ lives, i.e. their teachers, peers and family members, contribute to how learners
form their mathematical identities in that learners either accept or resist being influenced by them
(Gardee, in press). What significant others say about mathematics and how they position learners with
respect to mathematics contributes to learners’ personal and social identities.
The after-school mathematics club
At the club, learners engage in problem-solving activities not normally experienced in the classroom
but supporting the formal mathematics curriculum, and are exposed to messages that encourage the
formation of robust mathematical identities. Learners are encouraged to engage in and experience
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practices deemed meaningful in mathematics, for example: problem-solving; persisting on challenging
problems; and achieving depth in learning mathematics (Boaler et al., 2018). Strategic mentor
scaffolding is offered after episodes of productive struggle, as learners work in pairs and small groups
on problem-solving activities. Mutual engagement is encouraged while negatively labelling each other
is discouraged.
Given that ideas and practices developed in some communities can influence future actions in other
communities (Wenger, 1998), we hope that gradually, most of the largely fragile mathematical
identities that many learners seem to show in their mathematics classrooms will shift towards largely
robust identities, and that through the actions of club learners, teaching and learning of mathematics
in the classroom may be transformed. The formation of largely robust mathematical identities is
expected to lead to using and seeing the use of mathematics in everyday life, and doing mathematics
for pleasure.
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INFLUENCE OF COLLABORATIVE LEARNING ON STUDENT
ATTITUDES TOWARD MATHEMATICAL PROBLEM SOLVING
Farzaneh Saadati
Center for Advanced Research in Education, Institute of Education (IE), Universidad de Chile
This study attempts to explore, from the students’ point of view, the evolution of student attitudes
toward mathematics within a collaborative learning framework. A study of 65 primary school students
who were taught under a collaborative leaning approach for one year shows an overall stability of the
group’s attitudes and a strong connection of these attitudes to their views of mathematics problem
solving. Moreover, the findings show that collaborative activities can shift students’ perceptions of
mathematics from static to more dynamic views. The results should be considered by policy-makers
and teachers while designing a new teaching and learning approach.
INTRODUCTION
The role of affective beliefs and attitudes toward mathematics is an important area of research in
mathematics education (Hannula, 2016), especially when it comes to decision making when designing
classroom activities. Studies have shown that students’ positive attitudes toward mathematics tends to
deteriorate over the course of their school life (Di Martino, 2019) while mathematics is seen as a
special subject in school culture. Students’ attitude towards mathematics is important as anxiety and
negative attitudes toward mathematics can be detrimental to students’ mathematics achievements
(Hannula, 2016). Therefore, it is necessary to take action in overcoming students’ negative attitudes
toward math, and the deterioration of their positive perceptions of the subject, especially during the
early stages of mathematics learning. It is because students’ views regarding mathematics, and their
common vision of problems, develop at the end of primary school and appear as an indicator of the
deterioration of students’ attitudes toward mathematics. As Di Martino (2019) states, this indicator
represents “the development and consolidation of a stereotypical vision of the mathematical problem
and of the (normative) way to solve it.” (p. 304). There are several cause-effect studies focused on
improving students’ mathematical achievements and attitudes through different teaching approaches
(Savelsbergh et al., 2016). However, understanding students’ attitudes toward the subject and the
mechanism of their evolution during a new learning approach should be considered as a starting point
in making decisions about the establishment of those activities at the classroom level. This paper is an
attempt to explore the effect of collaborative problem solving as a learning approach to foster positive
affective climate, on the evolution of student attitudes toward mathematics problem solving (MPS).
Di Martino and Zan (2009) presented a three-dimensional model that characterized student attitudes
toward mathematics and problem solving in three dimensions: emotional disposition, the vision of
mathematics, and the perceived competence in mathematics. Based on their model, students’ affect or
emotional disposition is connected with their vison of mathematics. To get some insight from the
mechanism of students’ evolving attitudinal beliefs, based on this model the focus can be on changing
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students’ vision of mathematics and/or their mathematical competences. Practicing a new approach of
teaching and learning can bring an opportunity to follow the mechanism of change in a classroom. So
far, teaching mathematics in Chilean classrooms has mainly been teacher centred, and is generally
traditional in approach. Teachers typically present new mathematics content in their classroom,
provide some exercises and an example procedure to solve them, and provide some similar
assignments for students to let them copy the same procedure step by step in the new situation (Ayarza,
Soto, & Crocci, 2007). This traditional approach obviously influences students’ views of mathematics.
Perhaps their understanding of mathematics problem would be limited to those structured exercises
that they normally work on during their mathematics lessons. A shift in teaching approaches is what a
professional development (PD) program usually promises. ARPA (the Spanish acronym for Activating
Problem Solving in Classrooms) is a nationwide PD program for Chilean mathematics teachers that
focuses on activating collaborative problem solving in mathematics learning. The program comprises
eight monthly practice-based workshops for teachers in order to show them how to perform
collaborative learning problem solving in their own classrooms. The monthly classroom activities
happen in four stages: Delivery, Activation, Consolidation, and Discussion in the classroom (A review
of the program can be found in a paper written by Felmer, Perdomo-Díaz and Reyes, 2019). A
randomly-assigned small group of students works together to solve a non-routine problem during an
ARPA session, while the role of teacher is played by a facilitator. At the end of the session, students
share and discuss their strategies. This type of activity is ground-breaking in a context where students
are used to learning mathematics in a traditional way, where MPS is predominantly seen as a set of
concrete problem-solving techniques and teachers keep to intuitive instruction focused on the repeated
practice of procedures. To make effective changes, it is necessary to learn from students’ experiences
and understand the mechanisms of change in students’ attitudinal beliefs.
METHODOLOGY
From August 2017 to October 2018, about 90 primary school mathematics teachers participated in a
PD program called ARPA. Among all participants in the PD program, four teachers who were teaching
5th grade were invited to participate in this study. In this research, our target group is the 65 students
whose teachers participated and who were given surveys both before and after practicing MPS with
the ARPA method. A survey with three open ended questions was distributed twice among students;
first in August 2017, and then in October 2018. During this time, students practiced collaborative
problem solving with the ARPA method at least once per month in their classrooms. To explore the
impact of these activities on the students’ attitude toward mathematics, they were asked to explain
what they liked and disliked most about problem solving in their mathematics classes on both
occasions. The questionnaire included three questions: (1) What do you feel when you have to solve a
problem? (2) What do you like most about solving a math problem? (3) What do you like least about
solving a math problem?
The analysis of these questions was conducted using content analysis. A rubric was used to codify the
responses based on previous studies and Di Martino and Zan’s (2009) model of attitudes toward
mathematics. The rubric has two major dimensions and four codes; (1) views regarding MPS with two
codes as content-related, and experience-based, (2) perceived competences with two codes as valuerelated, and cognitive consequence responses.
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RESULTS
First, the overall emotional disposition of students was considered before and after the ARPA
collaborative MPS approach. Students’ answers regarding their feeling for MPS (question number 1)
were categorized as negative, positive, mixed, or neutral feelings. The results show that in general the
percentages of students with positive or negative feelings didn’t dramatically change after about one
year. At the beginning of the program, the majority of the students expressed their like/dislike feelings
based on their view of mathematics. It means their emotional dispositions were strongly connected
with their view of mathematics rather than their perceived competence. Most of the students (58%), in
to answer the question about what they feelings in MPS, named at least one specific content or one of
the four basic mathematical operations: addition, subtraction, multiplication, or division. For example,
“I like adding because it’s fun” or “The problems are fun because you can divide, add, multiply or
subtract, but what I like best is division” or “I don’t like multiplication”. The next theme that occurred
more frequently in students’ responses (about 46%) was their experiences during problem solving. In
fact, about 46% of students connected their emotional disposition with their experiences during MPS.
The majority of these comments were related to their experiences with the problems’ level of difficulty.
They mentioned that they liked or disliked MPS based on the difficulty or ease of the problems; “When
we were given the problems, I found them quite easy” and “There’s nothing [I don’t like], I like solving
problems even though they are hard. I like them anyway”. It should be mentioned that there were
students whose answers were based on the content and experiences, “What I like best about problem
solving is that they are fun. You have to subtract, add, divide and multiply. And what I like least about
problem solving is nothing because I like problem solving because the teacher is good and that is why
I like everything about problem solving”. Moreover, a few students used the value of MPS in their
perceived competences to express their feelings “What I like most is solving math problems because
it helps me exercise my mind and become more intelligent than I am”.At the end of the program,
students’ responses were compared with their initial responses. The students’ emotional disposition
still seemed to be strongly connected with their views of mathematics. Talking about content and
experiences was the most type of response, coming in more frequently than comments regarding
cognition and perceived competence. However, some noticeable changes occurred in the way that they
expressed their like/dislike feelings. There were still 35% of students who mentioned the content when
expressing their feelings. But this time, most of students or about 65% were talking about their
experiences in MPS when they were asking about their like/dislike feelings. Moreover, there was a
change in the trend of justifying their emotional disposition with their experiences. The model of
collaborative MPS offered by ARPA had a clear and obvious efficacy in their comments; “Team work
because we all work together” or “What I like best is working as a team and sharing opinions”.
Moreover, it changed students’ visions of mathematics when compared with their initial comments
and the way that they explained mathematics at the beginning of the program. Some examples, such
as “I can arrive at an infinite number of results” or “What I like best is that I will always arrive at an
answer” can show this change clearly.
DISCUSSION AND CONCLUSION
There are two points discussed here in order to extend the understanding of the impact of collaborative
problem solving on student attitudes toward MPS. As a main finding of the research, the results show
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the robustness of student attitudes toward MPS after participating in the ARPA program, which is a
collaborative method for MPS in classrooms. This robustness happened when a deterioration on
students’ attitude was expected since these students progressed from 5th to 6th grade during the study.
This robustness can be considered as the main impact of collaborative learning on student attitudes
toward mathematics which is in line with findings of a study done by Saadati and Reyes (under press).
Moreover, insight from the students’ responses to the like/dislike question declared a strong connection
between their emotional disposition toward MPS and their views of mathematics. This connection
remains sturdy after the collaborative problem-solving program; however, the students’ views of
mathematics and problem solving changed. According to the students’ responses, there was a shift in
students’ views of MPS from a static to a more dynamic vision. At the beginning of the program, an
exploration of students’ perceptions shows that the students see mathematics and problem solving as
a set of problems or exercises included one of the four basic arithmetic operations which can be easy
or difficult. However, their later responses suggest a change in this view and a move toward a more
dynamic view about MPS. They described problems in a more complex way which always have at
least one solution. Their explanation about the dynamics of their classroom activities during MPS and
their comments about “working in a group” can connect this view with the ARPA experience.
The findings of this research can highlight the necessity of considering student voices when developing
a new teaching strategy. It provided an opportunity to follow how MPS activities could change
students’ visions. The method offers non-routine problems without emphasizing mathematical
contents, “A problem is a mathematical activity for which the person that face it does not know a
procedure leading to its solution. The person has interest in solving it, he/she considers it a challenge
and he/she feels that he/she can solve it” (Felmer et al., 2019; p. 317). In fact, this approach focuses
more on the procedure based on group collaboration and discussion about the possible ways to reach
solutions rather than just presenting a single solution, and its impact is visible in students’ comments.
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A QUANTITATIVE ANALYSIS OF SIX ASPECTS OF STUDENT IDENTITY
AND CREATIVITY-FOSTERING INSTRUCTION
Paul Regier
University of Oklahoma

Miloš Savić
University of Oklahoma

Houssein El Turkey
University of New Haven

Can fostering mathematical creativity explicitly in a calculus I course impact students’ mathematical
identity? As a part of a larger research project exploring this question, a quantitative research study
was developed to explore six aspects of student mathematical identity along with student perception
of creativity-fostering instructor behavior. Analysis of pre- and post-semester survey data indicated
that the instruments measuring aspects of student identity had strong reliability and good structure
validity. Correlational analysis of the six aspects of student identity provided evidence that students’
views of mathematics as a creative endeavor impacted the formation of self-efficacy in mathematics.
The instrument measuring creativity-fostering instruction demonstrated low reliability and internal
inconsistencies. Methodological issues related to measuring creativity-fostering instruction and
directions for future research studying creativity-fostering and student identity are discussed.
LITERATURE REVIEW
Grootenboer and Marshman (2016) introduced the concept of mathematical identity as “a term to
include affective, cognitive, and conative aspects” (p. 13) of the self. In particular, Gootenboer and
Marshman (2016) considered aspects of affective domain of student learning, defined by McLeod
(1992) as the “wide range of beliefs, feelings, and moods that are beyond the domain of cognition.”
At the same time, we recognize the interrelated nature of affect and cognition. Schoenfeld (2013)
asserts that “one major component of mathematical competence consists of being able to use the
resources at one’s disposal with some degree of efficiency when working somewhat unfamiliar
problems” (p. 363). Such ability is very closely related to one’s beliefs about their ability and
participation in mathematics, as well as fundamental beliefs about the nature of mathematics. Thus,
studying affect as part of students’ mathematical identity serves important role in the research of
mathematics education.
Mathematical identity has been characterized as a dynamic construct, one that is continually
constructed and reconstructed over time (Fellus, 2019). Changes in student identity are potentially
occurring continually as a result of student’s classroom experience. However, Grootenboer and
Marshman (2016) stated that there is a “lack of clarity about…the development of beliefs and attitudes
about mathematics in the classroom” (p. 23). This study examines student emotions, attitudes, and
beliefs regarding mathematics, as well as self-efficacy for problem solving, or beliefs in one’s
confidence for solving mathematical problems (Bandura, 1997), and creative self-efficacy for
mathematics, or beliefs in one’s ability to produce creative mathematical outcomes (influenced by
Tierney & Farmer, 2002). Additionally, we investigated three of nine aspects of creativity-fostering
teaching based on Cropley (2018), selected due to of our interest in their relation to mathematical
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problem solving and their potential impact on identity. These aspects were flexibility, encouraging
“flexible thinking in students;” evaluation, promoting “self-evaluation in students;” and frustration,
helping “students learn to cope with frustration and failure” (Cropley, 2018; p. 5).
METHODS
Data was collected in three Calculus I classrooms in two universities in the south mid-west United
States. This survey was given as part of a larger study to investigate how fostering creativity can impact
students’ mathematical identities. 38 students participated in the beginning-of-semester survey and 30
in the end of semester, with 25 completing both.
Student surveys included three instruments. The first measured affect using 12 items designed to
measure positive emotion toward mathematics (emotion), attitudes concerning mathematics as
important (importance), and beliefs concerning mathematics as a creative endeavor (creativity). The
second consisted of 18 items measuring beliefs related to students’ self-efficacy for problem solving
(SEPS), creative self-efficacy for mathematics (CSEM), and ways students perceived themselves
gaining self-efficacy toward mathematics, i.e. the sources of self-efficacy (SSE) related to the class.
The SEPS consisted of 6 items measuring beliefs in students’ confidence in ability to solve algebra,
trigonometry, and calculus problems. The CSEM consisted of 4 items measuring self-efficacy related
to originality, fluency, flexibility (Torrance, 1974), and collaboration in developing mathematical
ideas (Tierney & Famer, 2002). Both the SEPS and CSEM were constructed following Bandura’s
(2006) guide for constructing scales using 11-point 0-100% confidence ratings. The SSE consisted of
8 items based of Bandura’s (1997) four sources of self-efficacy using a Likert scale (Strongly agree to
strongly disagree) on statements of the form “I gained confidence in this course from…”. These first
two instruments were administered at the beginning and end of the semester.
The third instrument was constructed by adopting three subscales (flexibility, evaluation, and
frustration) from Soh’s (2015) Creativity-Facilitating Teaching Index (CFTIndex), an instructor selfreport instrument measuring nine aspects of general creativity-facilitating teaching (CFT; Cropley
2018) not specific to mathematics. Each subscale had five items which were re-writen from the
students’ perspective and worded past-tense with minor changes to increase readability. This
instrument was administered at the end of semester with the prompt, “Please rate how often did your
instructor do each of the following (0-100% of the time)” with items such as “When we experienced
failure, our instructor helped us look for other possible solutions.”
Reliability tests were conducted, and two models were run for each of the above three instruments:
item response theory (IRT) models and confirmatory factor analysis (CFA) models using the
polychoric correlation matrix. Based on these models, beginning- and end-of-semester changes of
student ratings and estimates of the correlations between the factors were considered.
RESULTS
The items measuring CSEM, SSE, SEPS, emotion, and importance each showed high reliability (𝛼
ranging from 0.84 to 0.86; 𝛼 ≥0.8 is good), with the items for creativity showing lower reliability
(𝛼=0.67). For each of the first two instruments, the IRT model fit was very poor compared to the CFA
with correlated factors (RMSA = 0.044 for attitudes/beliefs and RMSE = 0.017 for the two-factor
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SEPS and CSEM model). The third instrument measuring CFT showed lower reliability than reported
by Soh (2015) and very poor IRT model fit. There was severe skew in the data with most students
responding very highly on the scale. One CFTIndex items ("My instructor allowed us to show one
another our work before submission.") was negatively correlated with the total scale. CFA was not
possible with the CFTIndex due to the covariance matrix not being positive definite.
From the models studying emotions, attitudes, and beliefs, correlations within factors were calculated.
Between models, point-estimates of factors were calculated for an initial estimate of correlations.
Statistically significant (p<0.05) correlations between factors are shown below in Fig.1, with model
correlations in black, and point-estimate correlations in grey.

Figure 1: Correlations between six aspects of student affect/identity
Finally, using the data from the 25 students that took both beginning and end of semester surveys, a ttest of the above displayed factors was conducted giving evidence in a decrease in ratings of
importance (p=0.0001), an increase in CSEM (p=0.017), and an increase in SEPS (p=0.0823). Affect
and creativity showed no significant change.
DISCUSSION
Analysis of the self-efficacy instruments demonstrates both strong reliability and good model fit.
Model correlation between SEPS and CSEM also gives evidence of convergent validity. Thus, we
recommend further study using this instrument on larger and more diverse sample sizes. The
correlation between SEPS and views of mathematics as creative and important, as well as positive
emotion toward mathematics illustrates the potential role of self-efficacy in promoting positive
attitudes, beliefs, and emotion toward mathematics.
The low reliability and poor model fit of the CFTIndex demonstrates that it may not be appropriate to
adapt the CFTIndex as descried in this study. The skew in student responses may be an indication that
the CFTIndex does not discriminate student perspectives of CFT well. These issues highlight a need
for student instruments that can better distinguish specific teaching actions identified for fostering
mathematical creativity. Currently, we are in the process of creating a new student instrument based
on teacher actions for fostering mathematical creativity (Cilli-Turner et al., 2019).
The increase in student CSE for mathematics may be connected to the use of creativity-based tasks in
the classroom. In giving students opportunity to experience their own creative accomplishments and
observe one another’s creativity, the use of creativity-based tasks in class may provide students greater
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opportunities for gaining self-efficacy from their own experiences and vicariously (Bandura, 1997).
However, given our current sample size, more data and further analysis is needed. The decrease in
student views of mathematics as important runs contrary to our hope that student experiencing
mathematics as creative would view mathematics as more important. Following Fellus’ (2019)
conceptualization of identity, we can see a change like this potentially resulting from a process of
reconceptualization of meaning and values related to mathematics; students may be grappling with
multiple views of mathematics (procedural or conceptual, creative or non-creative), some of which
diverge from previous experiences in mathematics. This needs further investigation.
Although the data analyzed in this study did not appear to violate assumptions of normality, we did
not analyze the independence of CFT and affect variables across the different calculus classes from
which the data was collected. To more effectively study the relationship between CFT and affect in
multiple classrooms, we might need to account for intraclass correlation (Guo, 2004) since changes in
student identity may be impacted by individual instructors. We plan to utilize hierarchical linear
modeling (Guo, 2004) to study group-level (course) effects on similar aspects of student identity across
multiple classrooms.
REFERENCES
Bandura, A. (1997). Self-efficacy: The exercise of control. Macmillan.
Bandura, A. (2006). Guide for constructing self-efficacy scales. Self-Efficacy Beliefs of Adolescents, 307–337.
https://doi.org/10.1017/CBO9781107415324.004.
Cilli-Turner, E., Savic, M., El Turkey, H., & Karakok, G. (2019). An Initial Investigation into Teaching Actions
That Specifically Foster Mathematical Creativity. In M. Nolte (Ed.), Proceedings of the 11th Biannual
Conference on Mathematical Creativity and Giftedness (pp. 130-135). Hamburg, Germany.
Cropley, A. J. (2018). The creativity-facilitating teacher index: Early thinking, and some recent
reflections. Creativity fostering teacher behavior: Measurement and research, 1-15.
Fellus, O. O. (2019). Connecting the dots: Toward a networked framework to conceptualizing identity in
mathematics education. ZDM, 51(3), 445-455.
Geschwind, N. (1981). Neurological knowledge and complex behaviors. In D.A. Norman (Ed.) Perspective on
cognitive science. Norwood, NJ: Ablex.
Grootenboer, P., & Marshman, M. (2016). The affective domain, mathematics, and mathematics education.
In Mathematics, affect and learning (pp. 13-33). Springer, Singapore.
McLeod, D. B. (1992). Research on affect in mathematics education: A reconceptualization. Handbook of
research on mathematics teaching and learning, 1, 575-596.
Schoenfeld, A. H. (2013). Cognitive science and mathematics education. Routledge.
Silver, E. A. (2013). Research on teaching mathematical problem solving: Some underrepresented themes and
needed directions. In Teaching and learning mathematical problem solving (pp. 261-280). Routledge.
Soh, K. (2015). Creativity fostering teacher behaviour around the world: Annotations of studies using the
CFTIndex. Cogent Education, 2(1), 1034494.
Tierney, P., & Farmer, S. M. (2002). Creative self-efficacy: Its potential antecedents and relationship to creative
performance. Academy of Management journal, 45(6), 1137-1148.
Torrance, E. P. (1974). Torrance tests of creative thinking. Bensenville, IL: Scholastic Testing Service.

75

DOES TYPE OF PROBLEM INFLUENCE ON INTEREST? A REPLICATION
OF A GERMAN STUDY IN THE SPANISH CONTEXT
García-Cerdá, C. & Ferrando, I.
Departamento de Didáctica de la Matemática, Universitat de València
Interest plays an important role in mathematics learning. In this work we replicate part of the study
developed in Germany by Rellensmann and Schukajlow (2017) in order to determine whether the type
of problem affects students' interest and if there is a relationship between interest and student
performance. In order to carry out this research, the questionnaire used in the German study has been
adapted and, the results of the present study differ from those obtained in Germany, which confirms
the interest of replicating research. According to the results of the Spanish study, students show a
greater interest in verbal problems than in intramathematical problems, while no significant
differences were found between modelling problems and others. Regarding students’ performance,
there is a significant relationship with interest that is particularly evident in modelling problems.
INTRODUCTION
Recent studies related to the impact of affectivity on mathematical performance show that it is relevant
to ask whether the attitude of students towards a given mathematical activity depends on the
characteristics of the activity and, furthermore, whether or not the performance in approaching that
activity depends on the attitude that students have. In the work of Rellensmann and Schukajlow (2017),
one of the objectives is to study how the fact that the problems are related or not to reality influences
the level of students' interest in solving them. The present work takes the aforementioned study as a
starting point in order to replicate the interest part in the context of the Spanish education system. The
replication of studies in education research and, more particularly, in mathematics education research,
even there are of great interest, there are not common (Star, 2018, Melhuish, 2018). However,
replication must be of interest in itself in this case the interest lies in the change of context: the original
study was carried out with students from a German school, so it is worth asking whether the results
obtained can be extrapolated to the educational context of the Spanish system. Furthermore, although
affectivity is important, there is still little work on affectivity in the Spanish educational context,
especially in Secondary Education.
This paper aims to answer the following questions: (1) Are there differences in the interest generated
by different types of mathematical problems? (R2) What is the relation between the interest shown in
each type of problem and mathematical performance?
THEORETICAL FRAMEWORK
Niss, Blum and Galbraith (2007) distinguish, according to the degree of relation to the real world, three
types of problems: verbal problems, modelling problems and intramathematical problems. In this
classification, we can distinguish two categories: the one that includes problems related to reality and
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the one that does not. Verbal problems and modelling problems belong to the first category, although
they differ in the degree to which the real context affects the solving process. While modelling
problems present a question related to a real situation that requires formulating, interpreting and
solving a mathematical model, verbal problems are formulated in a context, but solving them does not
require consideration of the contextual features. Intramathematical problems are those whose
statement does not incorporate any extramathematical element, they are solved directly by choosing
the appropriate mathematical process. It should be noted that it is not about prioritising one type of
problem over another, they complement each other; in order to solve problems related to reality, it is
necessary to master mathematical content (Groβe, 2014).
According to Schoenfeld (2010), four categories are necessary and sufficient to understand
mathematical problem-solving ability: the mathematical knowledge, the problem-solving strategies or
heuristics one possesses to tackle problems that, a priori, one does not know how to solve, the
metacognitive aspects related to the management of resources for problem solving -including the
available time-, and the affective aspects towards mathematics.
Interest is a psychological state that describes a relationship between a person and an object (Hidi and
Renninger, 2006). Such a relationship is established when a person expresses positive affect towards
a certain object and recognizes the value of the object itself, leading to intrinsic motivation towards
the object on the part of the person (Renninger and Hidi, 2016). Thus, interest is related to affectivity
and thus to problem-solving ability. Indeed, particularly in mathematics, considered a difficult subject,
motivational factors such as interest are important in educational processes (Schiefele, Krapp and
Winteler, 1992). Rellensmann and Schukajlow (2017) differentiate between two types of interest:
individual interest (intrinsic, relatively long-lasting over time) and situational interest (extrinsic,
characteristic of a particular situation). However, it is possible to move from situational interest to
individual interest: developing a situational interest in a particular problem, and making it sustainable
until it becomes a stable individual interest in mathematics.
METHODOLOGY
The sample consisted of two natural groups of grade 9 pupils from a public high school in Valencia
(Spain). In total, 44 students completed both parts of the questionnaire. It is worth noting that the
present work corresponds to the first phase of the replication of the study by Rellesman and
Schukajlow (2017), the objective is to adapt the questionnaire so that it can be applied to a larger and
more heterogeneous sample.
The starting point is the questionnaire used in Rellensmann and Schukajlow (2017) which consisted
of 12 problems (four of each type) related to the Pythagorean theorem that students had to solve
followed, in each case, by a question to analyze the interest. After each problem, students were asked
to rate on a scale of 1 to 5 the statement ''I found this problem interesting to work on'', where 1 was
not at all true and 5 was very true. The adaptation of the questionnaire was carried out, at first, in three
phases:


Adaptation of the problem statements to a local context. Actually, the original questionnaire
was designed for students from a German school and, in some cases, the contexts were not
suitable in the context of a school from the city of Valencia (Spain).
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Translation, linguistic adaptation into Spanish and back-translation to confirm the
equivalence of the formulations of the statements and the items of affectivity.
Organization of the questionnaire to be carried out in two sessions (in the replicated research
a 90-minute session was used, but this was not possible in the present design).

Figure 1 shows the statement of one of the modelling problems that required adaptation. The original
statement refers to a power station located near the institute and, since it was not possible to directly
adapt that problem to the context of this study, it was decided to pose an alternative problem in which
the mathematical procedures involved are equivalent to the original one.

Figure 1: Original modelling problem and adapted Spanish version
Once the data had been collected, a mixed quantitative and qualitative analysis was carried out. To
quantify the degree of interest generated by each type of problem, the average of the 4 scores assigned
to the statement "I found it interesting to work on this problem'' was obtained for each student. The
qualitative analysis of the students' answers to each problem followed the criteria of Rellensmann and
Schukajlow (2017): if the initial approach was correct - even if particular elements of reality were not
included or there were later calculation mistakes - a score of 1 was given, otherwise a score of 0.
RESULTS AND DISCUSSION
Figure 2 presents the results in a diagram showing some differences in the level of interest generated
by the different types of problems.

Figure 2: Box plot figure of interest for the different types of problems
In order to determine whether the differences are significant, an inferential analysis has been carried
out. Given that the normality of the data relating to intramathematical problems cannot be assumed,
the Friedman led us to conclude that there are differences in the interest generated by the resolution of
at least two types of problem (p=0.0004). The results of the Nemenyi test allow us to infer that
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intramathematical problems are considerably less interesting than verbal problems for students;
however, it cannot be affirmed that there are significant differences in relation to interest between
modelling problems and the other types.
Regarding performance, it is observed that the success rate is significantly lower in modelling
problems and in intramathematical problems than in verbal problems (Nemenyi test p=3,7.10-6 and
p=1,2.10-4 respectively). There are no differences in performance between intramathematical and
modelling problems.
Finally, the relationship between performance and interest is studied. The result of the inferential
analysis shows that there is a relationship between the two variables. Spearman's correlation coefficient
is, in all cases, positive, so the relationship is direct, although the values obtained show a medium-low
relationship. However, in the modelling problems, the coefficient is higher, so these are the ones in
which the relationship between performance and interest is greater.
The results of the present study differ from those of the German one, notably regarding interest, which
in the German study is found to be lower in modelling problems. This may derive from differences in
the educational contexts: in Germany there is a long tradition of implementing modelling activities,
while in Spain it is still a rare practice. However, the results of this work are exploratory and should
be completed in the future with a larger sample.
Additional information
This work has been carried out under the National R+D+I research project, EDU2017-84377-R funded
by the Ministry of Economy and Competitiveness (FEDER). The first author is grateful for the
Collaboration Grant from the Spanish Ministry of Education.
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ATTITUDES, BELIEFS AND EMOTIONS TOWARDS GRAPH THEORY
Claudia Vargas-Díaz and Victoria Núñez-Henríquez
Universidad de Santiago de Chile, Liceo Bicentenario Italia
This article studies the relationship between attitudes, beliefs and emotions towards graph theory. The
work with graph theory comes from the feasibility to develop it in classes to reduce students’ rejection
towards mathematics. An extra-programmatic workshop was implemented for 13 students of different
grades of the Liceo Bicentenario Italia (LBI), where problems related to the development of graph
theory were addressed. To obtain information of affective domain, before and after the execution of
the workshop, a questionnaire was adapted and applied, showing favorable changes towards the
affective domain when learning mathematics, especially in the assessment of problem solving. To
better understand the reasons for these changes, interviews were designed and applied. The simplicity
of graphs, together with the structure of challenging games are the main forces behind the changes.
INTRODUCTION
Affective Domain and Mathematical Education
The influence of the affective domain in teaching and learning is accepted by various actors in
education. The problem lies in the difficulty of working the affective domain in mathematics classes
despite being considered in the guidelines of the current curricular bases in Chile since 2013. It is a
problem to find a clear definition of this domain (Gómez-Chacón, 2000), hence the complication
emerges both to measure this area and to understand how it affects the teaching and learning of
mathematics. Therefore, this study was made to examine and conclude whether the attitudes and
beliefs towards mathematics in high school students vary after learning higher level mathematical
content.
Beliefs, Attitudes and Emotions
Following the research in affective domain (Gil, Blanco & Guerrero, 2005), we will consider beliefs,
attitudes and emotions as basic descriptors of the affective domain in the study of mathematical
learning. In this work we will use the following definitions:
•

Beliefs: is one of the components of the individual's implicit subjective knowledge about
mathematics and its teaching and learning (Gil, Blanco & Guerrero, 2005).

•

Attitudes: these are predispositions of the individual to respond favorably or unfavorably to
mathematics (Alemany & Lara, 2010).

•

Emotions: a phenomenon that includes physiological, cognitive, motivational components and
the experience system (Gil, Blanco & Guerrero, 2005).

There is a cyclical relationship between affections and learning, that is, the student beliefs have a direct
consequence on their learning behavior and consequently on their ability to learn.
The Graph Theory in High School Education
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Recent studies detail and attribute accessibility, attraction and adaptation as characteristics of graph
theory. This led us to think about the relevance of its study at different educational levels (Braicovich
& Cognigni, 2011). Following this idea, the graphs: ‘Represent a powerful teaching resource to focus
teaching on the significant development of mathematical concepts while providing the opportunity for
students to ‘reinvent’ the objects of mathematics’ (Henao & Vanegas, 2013).
METHODOLOGY
This exploratory research with a mixed focus started with the design of a set of activities within a
Didactic Unit to introduce graph theory as an extra programmatic workshop for high school students.
The workshop ‘Graphs: a mathematical tool’ was held weekly at the LBI in a neighborhood of Santiago
for thirteen sessions of 60 minutes each. Based on the bibliography studied, the problems were linked
to the historical motivation and development of the graph theory and the historical problems they allow
to solve. Thirteen students participated in the workshop.
Grade
No. male students
No. female students
1st year of high school
2
0
st
2 year of high school
3
1
3st year of high school
3
1
st
4 year of high school
3
0
Total
13
Table 1: Grade and gender of the workshop participants.
One of the data collection instruments used is the questionnaire of Sarabia and Iriarte (2011), adapted
to the language used in the country. The questionnaire entitled ‘Self-assessment of attitudes and beliefs
towards mathematics’, consists of 38 items with five alternative choices (Lickert scale) ‘Strongly
disagree’, ‘Disagree’, ‘Neither agree nor disagree’, ‘Agree’ and ‘Strongly agree’. Grouped into five
categories listed in Table 3 below. This questionnaire was applied in the first and last sessions of the
workshop with the intention of studying the changes in the emotional domain after working with
graphs in the workshop.
To try to explain the variations between the questionnaires, a group interview was created, validated
and then applied. After that, two individual interviews of the students with the highest average
variation between the questionnaires were made. The focus group had the following five questions: 1)
Do you find mathematics attractive? Why? 2) Is it going to help you to know mathematics in your
life? How? In what? 3) Is problem solving a good way to learn mathematics? Why? 4) Investing study
time will help you learn mathematics? 5) What did you like most about the workshop?
After the last questionnaire was taken, a transcription was made, separated by questions, which were
called episodes. Each episode was separated by lines to be able to refer to each one in a practical way.
Each episode was followed by an interpretation and analysis of the responses. The individual
interviews were developed after the end of the workshop, where only the interviewee and the
interviewer were present. The interview was developed as a conversation, connecting the questions
that were prepared.
Student 5

Pretest average
2.53

Posttest average
3.87

% change
52.96 %

81

Vargas-Díaz and Núñez-Henríquez
Student 6
3.61
4.79
52.96 %
Table 2: Percentage of variation of students with the greatest change pre and post questionnaire
ANALYSIS OF RESULTS
In order to analyze the information, each alternative was assigned a score (from 1, indicating a negative
attitude or belief, to 5, if it indicated a positive attitude or belief). Most of the students had positive
variation in their averaged score in the questionnaire. In addition, positive variations are also observed
in the five categories of the questionnaire, highlighting beliefs about problem solving and the role of
effort, assigning them a fundamental role when learning mathematics. The table below shows the
average score for each category in the questionnaire before and after the development of the workshop,
with its percentage variations:
Questionnaire categories
Pretest average
3.69
Attitudes towards mathematics
3.95
Beliefs about the nature of mathematics
3.81
Beliefs about problem solving
4.14
Beliefs about the role of effort

Posttest average
4.01
4.12
4.41
4.74

% change
8.69 %
4.22 %
15.56 %
14.55 %

4.23
4.36
Beliefs about the utility of mathematics
3.03 %
Table 3 Average scores by category in pre and post workshop application
The following bar graph shows the questions with the greatest variation between the two applications
of the questionnaire (before and after the workshop).

Figure 1: Graph of results before and after the workshop regarding questions with greatest
percentage variation
Analysis of The Interviews
Regarding the question: ‘Do you find mathematics attractive? Why?’ The students mostly attribute
attractiveness according to the possibility of having fun, that is, play while solving situations. They
also indicate that what does not appeal to them in mathematics is not being able to find the answer.
The students in our research explored different mathematical situations that give room to play as an
exploration tool, to the launch of intuition and creativity. Thus, the students discovered how attractive
mathematics can be because they had fun. Therefore, it is interpreted that an interest in mathematics
was awakened. This result could be related to those of ‘The Math Show’ method, presented by
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Ufuktepe and Thomas (2002). With the aim of reducing anxiety towards mathematics, this method
uses, for example, plays, music and the application of mathematical contents, looking for students to
be aware of their learning style without the fear of being wrong. When the students mention that the
least attractive thing about mathematics is “not getting to the answer quickly”, we understand that they
still believe that mathematical problems have only one correct answer and there is only one way to
address them, so they must be solved quickly. These perceptions are consistent with the collection of
typical beliefs by students towards the mathematics done by Spangler (2000) cited by Iriarte and
Sarabia (2011). As Weiner proposed in 1986, cited by Iriarte and Sarabia (2011), students react
according to the results and not to the attributions, generally moving between extreme emotions such
as happiness or frustration. The students mostly point to the characteristics that have to do with the
emotional field, for example, by mentioning the assessment given to the different points of view they
propose, this makes them feel safer and with more expectations in their work.
CONCLUSIONS
The students, despite believing that mathematics is useful both in education and in multiple areas, and
recognizing that effort plays an important role in mathematical learning, present attitudes that do not
correspond to these beliefs. We conclude that students do not feel able to truly develop mathematics
due to previous experiences in their school life.
After the workshop, the students stopped feeling a rejection towards mathematics. Their responses
indicate that working with graphs has a positive influence on the student's affective domain.
In the five categories of the questionnaire, positive variations were observed, highlighting beliefs about
problem solving and the role of effort. Working with graphs helps the assessment of problem solving.
The success of the workshop is most likely due to a combination between the theme of the workshop
and the way it is developed, since working with graph theory does not require many previous contents
and is connected to both historical problems and open problems that started as games. This opens the
way to creativity, allowing reasoning and a change in the perception towards mathematics.
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PREDICTING COLLEGE MAJOR CHOICE IN STEM WITH STUDENTS’
DATA AT GRADES 9 AND 11
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Attitude toward mathematics has been considered as an important factor on students’ choices of STEM
majors at colleges. This study is to reexamine the importance of attitude toward mathematics using a
supervised machine learning technique, namely a supportive vector machine (SVM). We collected the
data of 5,260 students at grade 9 and 5,728 at grade 11 from the High School Longitudinal Study of
2009 (HSLS:09). Using SVM, we predicted students’ choice of STEM majors at colleges using the
independent variables representing students’ attitude toward mathematics, as well as their GPA at
and some demographic information like socioeconomic status, ethnicity, gender, and parents’ recent
occupations at grades 9 and 11. Students’ choice of STEM majors might be well predicted with attitude
toward mathematics alone at grade 9, while it is recommended to include other variables such as
background and course works for a better prediction at grade 11.
INTRODUCTION
A continuing challenge for the United States is to recruit high school students to the science,
engineering, technology and mathematics (STEM) majors at colleges as the U.S. recognizes the
importance of STEM areas to support its information- or technology-based society (Moakler & Kim,
2014). Responding to this issue, researchers (e.g., Musu-Gillette, Wigfield, Harring, & Eccles, 2015)
have paid attention to understanding who are likely to choose STEM majors at collages, how to
stimulate STEM interests prior to college entrance and degree completion. Answering those questions,
previous studies have emphasized demographic background including gender and ethnicity as well as
attitude toward mathematics or science as good indicators of students’ STEM major choices (Moakler
& Kim, 2014; Musu-Gillette et al., 2015).
Attitude toward mathematics have been studied as a multidimensional construct, which consists of
components like emotional disposition, vision of mathematics, and self-efficacy (Di Martino & Zan,
2010). According to Nasir (2002), mathematics identity is viewed as a dynamic construct
amalgamation of “self-concept, self-understanding, and evaluating oneself in relation to others” (p.
217). Previous studies have emphasized attitude toward mathematics and mathematics identity to
explain how minority or female students select STEM majors at colleges (Wang & Degol, 2013). This
suggests that better predicting students’ choice of STEM majors with students’ attitude toward
mathematics require to consider socioeconomic status, gender, and ethnicity groups together.
Moakler and Kim (2014) showed that attitude toward mathematics itself has significant effects on
students’ choice of STEM majors after controlling academic performance and demographic
information. This study is a replication study of the importance of attitude toward mathematics in
students’ selection of STEM majors using a different method and a stratified dataset that represents
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the population. The purpose of this research is to predict students’ choice of STEM majors at colleges
using their demographics, home background, high-school course works, attitude toward mathematics
and science at grades 9 and 11. We implemented one of the supervised machine learning approaches
called a supportive vector machine (SVM; Cleophas & Zwinderman, 2013) to identify the best
predictive model. Applying this innovative approach allows us to answer the following research
questions: (1) How well can we predict students’ choice of STEM majors at college using students’
information during their high school years?, and (2) Is attitude toward mathematics at grades 9 and 11
a good predictor of students’ choices of STEM majors in the future?
METHOD
We utilized the public dataset of the High School Longitudinal Study of 2009 (HSLS:09). The original
dataset includes 23,503 students’ information from 2009 (grade 9), 2012 (grade 11), to 2016 (3 years
after high school). Considering missing data, we were able to glean the data of only 5,260 students at
grade 9 and 5,728 at grade 11. In this dataset, we randomly selected a third of students (1,736 at grade
9 and 1892 students at grade 11) for a training data, and a test data had the other two thirds of students
(3,524 at grade 9 and 3836 students at grade 11).
To predict students’ choice of STEM majors at colleges, we selected the independent variables
representing students’ attitude toward mathematics at grade 9, as well as their GPA at and some
demographic information like socioeconomic status, ethnicity, gender, and parents’ recent
occupations at grade 9. Students’ actual choices of STEM majors at colleges were selected to use as
a dependent variable in our prediction model after three years of their high school graduation. All
variables and descriptions are listed in Table 1.
Model 1
9th Garde
X4ENTMJST

Label in the HSLS:09 Dataset
Model 2
Model 3
9th Garde
11th Grade
X4ENTMJST

X4ENTMJST

Model 4
11th Grade
X4ENTMJST

X1SES
X2SES
X1SEX
X2SEX
X1RACE
X2RACE
X1MTHID
X1[MTH/SCI]ID
X2MTHID
X2[MTH/SCI]ID
X1MTHUTI X1[MTH/SCI]UTI X2MTHUTI X2[MTH/SCI]UTI
X1MTHEFF X1[MTH/SCI]EFF X2MTHEFF X2[MTH/SCI]EFF
X1MTHINT X1[MTH/SCI]INT X2MTHINT X2[MTH/SCI]INT
X3TGPA9TH
X3TGPA[MTH/SCI]
X3THIMATH9
X3THIMATH
X3THISCI9
X3THISCI
X1MOMOCC_STEM1
X1DADOCC_STEM1

X2MOMOCC_STEM1
X2DADOCC_STEM1

-

X3TWHENALG1
Other Variables
about Credits and
GPA earned in
mathematics and
Science courses

-

Description
Major considering upon postsecondary entry is in a STEM
field (3 years after high school graduation)
Socio-economic status composite
Students’ sex
Student's race/ethnicity-composite
Scale of student's mathematics/science identity
Scale of student's mathematics/science utility
Scale of student's mathematics/science self-efficacy
Scale of student's interest in fall 2009 math/science course
GPA at ninth grade or GPA in math/science
Highest level mathematics course taken
Highest level science course taken
Mother/female guardian's current/most recent occupation
Father/male guardian's current/most recent occupation
When student took algebra I
X3TCREDSTEM, X3TGPASTEM, X3T1CREDALG1,
X3T1CREDALG2, X3T1CREDINTM, X3T1CREDPREC,
X3TCREDAPMTH, X3T1CREDCALC, X3T1CREDGEO,
X3T1CREDSTAT, X3T1CREDTRIG, X3TCREDMAT,
X3TCREDAPSCI, X3T1CREDBIOL, X3T1CREDCHEM,
X3T1CREDESCI, X3T1CREDPHYS, X3TCREDSCI

Table 1: Variables Selected from the Public HSLS:09 Database
Supportive vector machines
We applied the SVM known as a strong classification technique among supervised machine learning
approaches. The radial basis function kernel was employed because the SVM with this kernel offer
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flexibility in modeling non-linear educational data. This research did not aim to find the best model
comparing different kernels or techniques like neural networks. Rather, we examined the performance
of the SVM with the radial kernel as a beginning step for such purpose. The R package caret (Kuhn,
2019) was utilized for model training and Parameter Tuning with a five-fold cross validation. The
metric “ROC” was considered to find the best model, which is the area under a receiving operating
curve (ROC). To examine how well students’ attitude toward mathematics can predict their choices
of STEM majors at college, we compare the two pairs of the models in Table 1 – one pair of grade-9
models (Models 1 and 2), and another pair of garde-11 models (Models 3 and 4). All models were
tuned separately, and performance indices were compared.
We considered multiple indices to evaluate model’s ability to discriminate between positive (STEM
majors) and negative classes (Non-STEM majors): accuracy, sensitivity, specificity, kappa, and
precision. Table 3 shows how to calculate and interpret each index.
Index

Formula
number of true positives + number of true negative
Accuracy
total number of participants
number of true positives
Sensitivity
number of true positive + number of false negative

Interpretation
The proportion of students whose majors are predicted
correctly across STEM and non-STEM majors
The proportion of STEM students at colleges who are
predicted to have STEM majors

Specificity

number of true negatives
The proportion of non-STEM students at colleges who
number of true negative + number of false positive are predicted to have non-STEM majors

Precision

The proportion of students actually with STEM majors
number of true positives
at college in the group of students predicted to have
number of true positive + number of false positive STEM majors

Table 2: Models Tested with the SVM
RESULTS
Overall, the performances of the models were fair or good based on accuracy. In the test dataset, about
28% of all students selected STEM majors. Thus, we would have 0.28 of accuracy if we randomly
predict STEM majors for all students. The accuracy of each model (from 0.5854 to 0.8027) is much
higher than 0.28 as seen in Table 3. Thus, we conclude that all models are useful to predict students’
STEM majors three years after high school graduation.
Model 1
Prediction
Non-STEM
STEM
Model 2
Prediction
Non-STEM
STEM
Model 3
Prediction
Non-STEM
STEM
Model 4
Prediction
Non-STEM
STEM

Reference
Non-STEM
1484
1165
Reference
Non-STEM
1740
828
Reference
Non-STEM
1838
957
Reference
Non-STEM
2141
585

STEM
343
645
STEM
303
653
STEM
378
759
STEM
172
938

Accuracy
Sensitivity
Specificity
Precision
Accuracy
Sensitivity
Specificity
Precision
Accuracy
Sensitivity
Specificity
Precision
Accuracy
Sensitivity
Specificity
Precision

0.5854
0.6528
0.5602
0.3595
0.6791
0.6831
0.6776
0.4409
0.6605
0.6675
0.6576
0.4423
0.8027
0.8450
0.7854
0.6159

Table 3: Performance indices of the SVM models
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The findings in Table 3 show that Model 2 outperformed Model 1. According to specificity, Model 2
performed significantly better to predict students’ choice of non-STEM majors. However, sensitivity
of Models 1 and 2 are similar (0.6528 and 0.6831), which means that about 65% of STEM students at
colleges are predicted correctly. Model 3 showed comparable performance with the grade-9 models.
Lastly, Model 4 is the best model showing outstanding performance. The accuracy of this model is
0.8027. The unique finding of this model is improved precision – 62% of students predicted to have
STEM majors really selected STEM majors at college.
DISCUSSION AND CONCLUSION
The findings indicate that the SVM with radial kernel predicts high-school students’ majors in college
well. We found that attitude toward mathematics can be a good predictor of students’ choice of STEM
majors. When we consider students’ demographics, attitude toward science, mathematics or science
course-taking, GPA, home backgrounds as predictors, we considerably improved the performance of
the grade-11 models, but not the grade-9 models. This means that students’ choice of STEM majors
might be well predicted with attitude toward mathematics alone at grade 9, which means that students
pursue STEM majors simply because their perception toward mathematics is positive and they see
themselves as a mathematics or science person. However, at grade 11, students’ choice of STEM
majors at colleges become more complex because adding other variables improved the prediction.
The successful prediction with the SVM could show complexity among students’ attitude toward
mathematics and their choice of STEM major in this research beyond linear relationships assumed in
prior studies using regressions or structural equation modeling. Although the grade-11 models
outperformed the grade-9 model, we highlight the importance of the model at grade 9 to provide
appropriate and long-term supports to high school students. When students have positive perspective
toward mathematics at grade 9, we should support their goal settings and pursuit to STEM studies.
Utilizing these predictive models at grades 9 and 11 could be more beneficial to guide students to
STEM career paths.
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Technology
The development of proofs and argumentation remains a standard for mathematical practices in K-78
education. Further, the use of discourse is considered essential in the learning of mathematical
concepts at these levels. However, K-78 educators continue to confound how to best utilize student
interpersonal discourse to advance mathematical argument development. This study examines the
nature of student discourse, particularly in small-group interactions, as they create collective
arguments based on mathematical evidence. In examining the patterns of discourse in small groups,
we make conclusions on the effectiveness of various types of discourse in peer-to-peer interaction so
that students develop more analytical thoughts in creating mathematical proofs and arguments.
Further, we also draw major themes that provide deeper analysis into middle grade students’ identities
as doers of mathematics and constructors of mathematical proofs and arguments.
STATEMENT OF THE PROBLEM
Student development of their own mathematical arguments at the K-12 level remains a priority in
mathematics education. To fortify one’s own position of knowledge in mathematics education,
scholars agree that developing mathematical arguments ensures true understanding when one can
convince oneself and others of one’s mathematical explanation (Ellis, 2007; Cáceres, Nussbaum,
Marroquín, Gleisner, & Marquínez, 2017; Stylianou, 2013). Additionally, the eight mathematical
practice standards published by the National Council of Teachers of Mathematics include the
development of mathematical arguments and the critique of others’ arguments (NCTM, 2000). A
major factor in creating that space for students to develop and critique mathematical arguments with
one another is the dynamic of social interaction in the mathematics classroom. Student participation
in a mathematical learning community in a classroom is dependent on the culture. Civil and Hunter
(2015) found it was necessary to have an open atmosphere that allows social talk and humor, so that
students feel comfortable to share, make mistake, and engage in dialogue about the mathematical
learning. This interpersonal discourse allowed students to engage in healthy and open dialogue focused
on the mathematics.
The impact of this student interpersonal dialogue on the students’ identities as problem solvers and
constructors of mathematical arguments remains the area that research has yet to fully explore. The
mathematics education community seems to agree upon and have substantial research on the
importance of mathematical argument development at the K-12 level (Brown, 2017; Byrne, 2013; Yee,
Boyle, Ko, & Bleiler-Baxter, 2017). However, a dearth of research about the interpersonal dialogue
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and its impact on students’ identities as doers of mathematics remains. This study analyses student
arguments and the discussions students have among themselves as they reflect on their identities as
mathematics doers because of the discourse with each other as mathematics doers.
THEORETICAL FRAMEWORK
The situated learning lens (Lave & Wenger, 1991) is often used for understanding of how students
learn. Using this perspective, we seek to understand learning in the context in which it happens.
Particularly, this research study emphasizes social participation of students in the small group
discussions, so they consider social norms and the culture of the classroom as they participate in their
argument development. All of these factors impact their learning in the K-12 setting (Anderson,
Greeno, Reder, & Simon, 2000). Learning mathematics in the context of the standards of mathematical
practice is a collaborative process, and it should be studied within the contexts in which it is occurring,
particularly for K-12 education.
Further, as a mixed methods study, this research adopts the interpretive scheme of Cobb, Gresalfi, and
Hodge (2009), as students begin to develop both their normative identity, in the context of classroom
small-group argumentation, and their personal identity as constructors of mathematical arguments.
Through this framework, discussions students have with one another in the situation of a small-group
mathematical argument reveal how students see math as they construct and argument but also
themselves as they engage with the processes of argument creation, justification, and modification.
METHODS
The research is a mixed methods study. The research takes place in a mid-size independent private
school in the United States Southeast, where 68 Pre-Algebra Grade 8 students are presented a relevant
mathematical claim each day for three days (Figure 1). They discuss mathematical argument criteria
for the beginning five to ten minutes of class, construct individual arguments in individual think time
for four minutes, work in small groups of four or five students for fifteen minutes, then validate the
group arguments with the whole class to finish the class each day within a roughly 50-minute class
period. Data collected include final written arguments of each small group for each task for each day,
audio recordings for each group for each task for each day, and field notes. The audio recordings were
open coded for major themes concerning identity.

Figure 1: Mathematical Claims for Tasks
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RESULTS
Because the research questions focus on argument improvement and student identity, the mixed
methods study has both a quantitative and qualitative component. Figure 3 shows the frequency of the
types of arguments that were created by each group across the three tasks. The data suggest an overall
increase in the level of argument created by the groups over the three tasks. The data suggests that by
task 3, students understood that an argument that uses examples (empirical argument) was not viable
in their mathematical setting.
To understand how each group progressed across the tasks, we tracked their level of argument from
task 1 to task 3. Figure 2 shows the level of argument for each of the fourteen groups (listed A-N) on
task 1 and task 3 and the difference in level of argument. Most groups increased in their level of
argument while few groups decreased or remained the same. The information illustrates that groups
generally made progress in the sophistication of their collective arguments from task 1 to task 3.

Figure 2: Difference in Level of Argument from Task 1 to Task 3
Qualitatively, transcriptions of the audio recordings of the small-group discussions reveal two major
themes of students’ identities as mathematics doers. Firstly, often students referred to their intelligence
once they had successfully completed their final group written task upon small-group discussions’
completion. The most common comments were discussions about their intelligence, including
utterings such as “We are so smart” and “We know how to prove it’s true” refer to students’
understanding but also identity as successful creators of mathematical knowledge. Secondly, students
often referred back to the criteria made for a successful mathematical argument, but the comments
were not ensuring that the arguments were successful, but they knew that they had to be able to know
how to check for valid mathematical arguments. Comments such as “I know we have to make it true
for all cases” and “But you don’t have any evidence” reveal the reflection of the criteria that the
students began to ascribe to as they engaged in mathematical argumentation. The written arguments
are scored along a hierarchy based on Stylianides and Stylianides (2009), and the audio recordings are
open coded to reveal the students’ formations of their identities. Students create non-genuine
arguments (Level 1) when they commit little effort. Empirical arguments (Level 2) are arguments that
rely on examples. An unsuccessful attempt at a valid general argument (Level 3) is an argument that
uses general warrants but contains flaws. A valid general argument but not a proof (Level 4) is an
argument that uses a deductive chain to argue a claim but uses warrants that are not accepted by the
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mathematical community. A proof (Level 5) is a deductive argument that uses warrants accepted by
the mathematical community.
RESULTS
Preliminary quantitative results of this study suggest that the middle school students benefited from
engaging in interpersonal discourse via collective argumentation. Communication among peers
provided access to the standards for a viable mathematical argument, thus making it more likely that
they will have success in creating their own arguments. However, more research should be devoted to
how students use interpersonal discourse to create increasingly sophisticated arguments beyond the
middle school setting. The preliminary results of this paper are promising in providing further
promotion of and support for middle school mathematical argument development.
In terms of student identity, students began to see themselves as those who were both intelligent in
mathematics and able to create a mathematical proof as a result of the interaction and discourse with
one another. Further, more research should be devoted to understanding how students viewed the role
of the discourse with one another in changing their identities as doers of mathematics and constructors
of mathematical arguments.
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This study explored influential factors that affect pre-service teachers’ (PST) persistence on
mathematics learning. The data includes quantitative measures on mindset and persistence, and
qualitative audio session from professional development sessions to investigate how using MultipleStrategy intervention affected PSTs’ persistence. Relationships between persistence and MS are
discussed.
PREVIOUS RESEARCH
Persistence may look and be shown differently depending on the students, when asked to describe
whether they would persist on a task (Grant & Sonnentag, 2010). When a task is perceived too easy,
Rayneri, Gerber, and Wiley (2006) found that gifted students failed to persist, as opposed to they
persist when students perceived tasks as challenging unlike general beliefs.
Multiple Strategy (MS) intervention encourages students to use more than one method to solve a math
task (Silver, Ghousseini, Gosen, Charalambous, & Strawhun, 2005). In mindset interventions, MS has
been used as a problem solving approach, but few have studied how MS fosters a growth mindset
(Lynch & Star, 2014). Lynch and Star developed instructions to encourage MS in the student-teacher
dialogue. Teacher’s understanding of how to implement MS in classrooms is important to maximize
the opportunity that MS can offer without overwhelming students. This led to the research questions
of the study: How does the PSTs’ persistence when problem solving with challenging tasks? What
aspects of MS-based PD impact PSTs’ persistence on challenging mathematics tasks?
WHAT IS PERSISTENCE?
Persistence is an action when students continue to engage in a mathematical task despite facing
challenges (Boaler & Staples, 2008). Previous research has investigated persistence in relation with
motivation (Grant & Sonnentag, 2010) and grouping students in classrooms (Cobb, Gresalfi, & Hodge,
2009). Studies on persistence have focused on students traits, while factors that affect students’
development of such trais have not been studied sufficiently.
Instructions incorporating MS require students and teachers think about what makes one strategy’s
solution similar to or different from other strategies. For example, Ball (1993) specified that teacher
should discern and make it explicit how to help students display key mathematical ideas using different
strategies. This includes teachers’ ability to assess which solutions that students came up with should
be discussed to encourage students for further inquiry (Stein, Engle, Smith, & Hughes, 2008).
However, if teachers are not careful, the instructional can become a “show-and-tell” (Ball, Lubienski,
& Mewborn, 2001), and subsequently hinder students persistence.
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THEORETICAL FRAMEWORK
As a part of a larger study, this study was guided by concepts of persistence and mindset - “the core
beliefs students have about learning and the change that learners may or may not be conscious of.”
(Dweck, 2006; p.6) Students who tend to persist choose MS, while students who do not persist are
more likely to stick with a single strategy (Dweck & Master, 2008). The combination mindset and
persistence, and the interaction of MS guide this study: This study examined the changes in PSTs’
mindset and persistence using MS while engaging in challenging mathematics tasks.

METHODS
PARTICIPANTS
The participants of the study are a convenient sample of pre-service K-12 teachers who attended the
professional development (PD), delivering the MS intervention, an opportunity offered by the College
of Education at a large mid-western university. Among the PD attendees, we only selected PSTs who
attended at least four sessions out of five total sessions offered. 12 PSTs met this requirement. Among
the 12, six PSTs agreed to participate for the follow-up interviews.
DATA
Two quantitative measures were collected in the beginning and at the end of the intervention to identify
each PST’s mindset and persistence levels: One is the theory of intelligence (Levy, Stroessner, &
Dweck, 1998) to measure mindset, and the other is Grit-S (Duckworth, Peterson, Matthews & Kelly,
2007) to measure persistence. The theory of intelligence measure has been used both with
undergraduate students and PSTs and reported the correlation between 0.83 and 0.92 (Christopher,
2018). The Grit-S was used to measure the PSTs’ view of persistence with the internal consistency and
interrelation, r =.59 (p < 0.001; Duckworth, Peterson, Matthews & Kelly, 2007).
For qualitative data, audio recordings during the intervention sessions and interviews were collected.
Interviews were semi-structured and lasted on average 60 minutes for each participate. This allows the
researcher to gain in-depth understanding of PSTs mindset and persistence.
ANALYSIS PROCEDURES
The quantitative data were analyzed to identify six participants’ mindset and persistence levels after
the intervention. All 6 participating PSTs were identified with high persistence with varied mindset
levels: one with mixed mindset, two with moderate growth mindset, and three high growth mindset.
For the qualitative data analysis, transcribed audio-recordings of intervention sessions were cut into 5minute segments to create a unit of analysis. Next, each segment was identified for moments which
begin with PSTs’ starting to engage in a dialogue about a mathematics task and ended when the
dialogue stops. If the PST came back to discuss about the task, it was counted as another moment.
Each moment was coded based on Dweck and Master’s (2008) framework, the perspective of success
or failure. Codes for mindset look at whether the PST thought they were successful or failed while
completing the task. For example, if a PST states “I think I have something,” it is coded with success.
while, for a statement “I am not smart enough for this”, it was coded as failure. To determine high and
low persistence on challenging tasks, key words and phrases were analyzed. If the phrase continues
with, “I am not sure what comes next so I think I will just give up,” “I was just like trying to do that,
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(in reference to another PSTs work)” or “I don’t know what we get when... Ya I could have done that
too I guess” low persistence was coded. If the phrase continues with “I am not sure what comes next
so I will try this strategy,” or “when I did this strategy I got…,” high persistence was coded.
The transcribed audio-recordings from the semi-structured interviews were analyzed for influential
factors. Each PSTs’ interview data were analyzed based on which aspects of intervention help or hinder
them persist through challenging mathematics tasks during the intervention sessions that they attended.

RESULTS
The quantitative measures revealed the membership of six PSTs’ levels of mindset: one with a mixed
mindset; two as moderate growth mindset; and three for high growth mindset at the end of intervention.
All 6 PSTs’ reported has having high persistence when the intervention was completed.
In each 5-minute segment of each intervention session, the numbers of moments that PSTs expressed
their views on success or failure of the task, were counted and reported in Table 1.
View on the Task
Persistence Type
Thomas
Logan
Mandy
Jake
Adam
Evelyn
Average

Success
High
0.629
0.571
1.381
1.727
1.690
0.000
0.833

Failure
Low
0.002
0.500
0.659
0.182
0.524
0.000
0.076

High
0.029
0.071
0.429
0.182
0.429
0.000
0.117

Low
0.057
0.143
0.258
0.045
0.258
0.000
0.239

Table 1: Individual and Average Numbers of Moments during 5-minute Segments.
The PSTs described that tasks used in the intervention were atypical. Logan described the tasks as they
need more than “small twists or tweaks.” Accroding to the six interviewees, engaging in these types
of tasks advanced the persistence to higher levels because they problem solved in the collaborative
work environment, with peers, and the questions asked in each task. Jake spoke about peers, stating
Even just then our own answers have proved there is not only one way to half a dollar. There are multiple
ways. I was thinking there are some rules associated with it. … There is a lot, I was just like trying to figure
out things.

After working with peers, they determined that there was not just multiple ways to find the possible
option with the nickle, but by working together they determined what was not a viable option.
[If you have an] odd number of pennies you have to have an odd number of nickels like. I’m pretty sure
that’s correct. We can also work with that if you can’t pair off five pennies with two nickels and then have
the amount of dimes to make the difference. I think that rule will follow throughout.

and eventually together this afforded them the opportunity to find a pattern.
Five pennies plus three nickels is fifteen, twenty. Yeah and then you could have five pennies, five nickels
and seven dimes. Oh wait that’s a pattern. Ok then you could have five pennies, seven nickels, six dimes. I
am assuming the pattern follows throughout. Five pennies, nine nickels, five dimes and then would you just
keep going until you get.. until one of the numbers runs out..

DISCUSSION
Analyses of the PSTs’ cases help understand that PSTs persistence type and view on the task can be
affected by knowing the instructional practice of MS was available through working with peers in a
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collaborative learning environment. Students also appreciated the opportunity to work on challenging
tasks with the reminder of the availability of MS during the PD. It was difficult to understand the
relation between PSTs’ persistence levels and their views on success or failure as all showed the high
level of persistence. Further studies with PSTs with varied persistence will reveal this relationship.
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MEANINGFUL REASONS FOR LEARNING MATHEMATICS
Maike Vollstedt
University of Bremen, Bremen, Germany
The central question of this paper is how the reasons for learning mathematics given by students can
be related to meaningful meaning. The study analyses reasons given by N = 133 students from
Germany and Hong Kong to an open survey question. Data are coded drawing on a model of
personal meaning and then analysed using Wilcoxon’s rank sum test to compare the subsamples.
Results show that personal meanings can well be used to code the reasons for learning mathematics
although not all personal meanings were needed in this sample, and that differences can be found
with respect to vocational precondition, marks, and basic knowledge between the subsamples.
THEORETICAL BACKGROUND
The question for meaning is posed time and again by students when they are learning mathematics.
Hence, to construct meaningful learning opportunities, it is necessary to know more about which
aspects exactly are personally meaningful for them and why they involve themselves in learning
mathematics. To find those aspects, Vollstedt’s (2011) model of personal meaning might be helpful.
In a reconstructive study conducted in Germany (DE) and Hong Kong (HK) with 15 to 16 year old
students, she developed 17 different kinds of personal meaning, i.e. aspects from the context of
learning mathematics that are personally meaningful for the students. They vary between obligation
(“I deal with mathematics mainly because it is a compulsory subject.”), self-perfection (“I deal with
mathematics in order to improve my logical thinking.”), and application in real life (“It is important
to me that the contents from math lessons refer to everyday life.”).
According to Vollstedt’s (2011) relational framework, personal meaning is constructed by students
when they are dealing with mathematics. Different aspects described in psychology (interest,
motivation), mathematics education (beliefs, mathematical thinking styles), or general education
(developmental tasks) might influence the construction of personal meaning. The study in which the
kinds of personal meaning were developed is based 34 interviews. Seventeen interviews were
conducted in each place with volunteering students from three classes each. The interviews started
with a sequence of stimulated recall (Gass & Mackey, 2000) from the last lesson the students
attended. Their task was to utter and reflect on the thoughts they had when having attended the
lesson. The interviews then tackled various topics related to meaningful learning and lasted for about
35–45 min. (cf. Vollstedt, 2011 for the detailed interview guide). The data were coded following
Grounded Theory (Strauss & Corbin, 1990; Vollstedt, 2015). Theoretical saturation (Strauss &
Corbin, 1990) was reached and the 17 different kinds of personal meaning were described. In a
subsequent study, the model was enlarged to 18 kinds as a finer differentiation was made between
application in real life and mathematics being part of some kind of basic knowledge needed in life (“I
deal with mathematics so that I do not lack important knowledge later on.”; Vollstedt & Duchhardt,
2019). Both kinds were comprised in application in life before.
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In addition to the interviews, the data collection comprised also N = 133 surveys filled in by the
students from the participating classes (nDE = 51, nHK = 82). One task in the survey was: “If possible,
please list different reasons why you learn mathematics and explain them.” The survey data were not
used for theory development. The model of personal meaning and the data from this question in the
survey are the basis for the study presented in this paper.
The aims of this paper are (1) to investigate the relationship between the reasons for learning
mathematics and the personal meaning related to it and (2) to discover whether there are differences
between the students from Germany and Hong Kong. The research questions related to these aims
are (1) whether the reasons for learning mathematics can be described using the model of personal
meaning, and (2) whether there are significant differences between the samples from Germany and
Hong Kong with respect to their reasons for learning mathematics being analysed regarding personal
meaning.
METHODS
The data of this study are the reasons for learning mathematics given by the students in the survey.
The reasons were coded with respect to the 18 different kinds of personal meaning as well as
elements from the relational framework (like interest). The answers from all German students could
be coded, whereas nine students from Hong Kong did either not answer the question or the answer
was not interpretable (like just writing “mathematics”). Therefore, the sample was reduced to
N = 124 (nDE = 51, nHK = 73).
For research question 1, the frequencies of all instances coded as personal meaning and concept from
the relational framework were counted. Question 2 aims at a comparison between the two
subsamples (DE and HK). Therefore, first, we need to analyse the samples on their own with respect
to normal distribution of the data (Shapiro-Wilk test) and homogeneity of variances (Levene’s test).
Results show that data are not normal for all personal meanings in both places (p < .001). Variances
are significantly different for vocational precondition (F(1,122) = 7,07, p < .01; “I deal with
mathematics as I need it for my desired profession.”), basic knowledge (F(1,122) = 10,44, p < .001),
marks (F(1,122) = 13,36, p < .001; “I deal with mathematics in order to be proud of my marks”), and
interest (F(1,122) = 14,11, p < .001). Hence, the non-parametric tests for sample comparison
(Wilcoxon’s rang sum test) and the respective effect size r were used for all personal meanings.
RESULTS
No instances of the personal meanings classroom management (“It is important to me that we can
work well in math lessons.”), support by teacher (“It is important to me that my teacher explains the
contents well to me.”), experience of autonomy (“I like when I may choose math exercises on my
own.”), and emotional-affective relationship to teacher (“It is important to me that I feel valued by
my teacher.”) could be found in the data, neither for Germany nor for Hong Kong. Table 1 provides
an overview on the total sum of codings and medians for all other personal meanings and both
places. Cognitive challenge (“It is important to me that I feel challenged from mathematics.”) and
balance and even-temperedness (“It is important to me to sometimes play games in math lessons.”)
did not occur in the German sample, whereas marks could not be found in the Hong Kong sample.
The medians are 0 everywhere, except for Hong Kong and obligation (Med = 1). Significant
differences between the samples could be found for vocational precondition (W = 2227, p < .05, r = -
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.23), basic knowledge (W = 2175,5, p < .05, r = -.28), marks (W = 2153,5, p < .05, r = -.31), and
interest (W = 1413,5, p < .05, r = -.32). Effects are small (r < .3) for vocational precondition and
basic knowledge, and medium (.3 < r < .5) for marks and interest.
PM / Interest

DE

Vocational precondition
Examination
Positive impression
Obligation
Active practice of mathematics
Purism of mathematics
Cognitive challenge
Self-perfection
Basic knowledge
Application in life
Experience of competence
Marks
Balance and even-temperedness
Experience of relatedness
Interest

17
5
3
25
6
3
0
8
10
18
2
8
0
1
1

HK Median
DE
10 0
10 0
3
0
38 0
4
0
2
0
2
0
15 0
2
0
35 0
4
0
0
0
1
0
1
0
19 0

Median
HK
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

Wilcoxon’s W
2227
1789
1894,5
1787,5
1978,5
1920
1810,5
1771
2175,5
1607
1832,5
2153,5
1836
1872,5
1413,5

p
0,01*
0,52
0,66
0,67
0,21
0,39
0,24
0,50
0,00*
0,13
0,70
0,00*
0,41
0,81
0,00*

Effect
size r
-0,23
-0,06
-0,04
-0,04
-0,11
-0,08
-0,11
-0,06
-0,28
-0,14
-0,03
-0,31
-0,07
-0,02
-0,32

Table 1: Total sum of codings per place (GER & HK), results of Wilcoxon’s rank sum test and effect
size r for all personal meanings that could be reconstructed from the data, and interest. * p < .05.
DISCUSSION
When coding the reasons given for learning mathematics referring to the relational framework of
personal meaning, it can be seen that all proper answers could be analyzed. Hence, personal meaning
seems to be an interesting model to analyze reasons for learning mathematics with respect to
meaningfulness. As the survey data were collected from all students of the interviewees’ classes, also
the interviewees answered the question. Thus, it could have been expected that all personal meanings
might have occurred also in the survey data. However, no instances of the four personal meanings
classroom management, support by teacher, experience of autonomy, and emotional-affective
relationship to teacher could be found. This may be interpreted that personal meaning seems to be
more than just a reason to learn mathematics or that the question for reasons to learn mathematics
does not provide answers as rich as an interview (which is certainly true).
When comparing the two samples, significant differences could be found for the three personal
meanings vocational precondition, basic knowledge, and marks. All are more important for the
German students. When comparing these results to those from the interview data (Vollstedt, 2011),
only marks turned out to be significantly more important for the German students, too. A possible
explanation is related to the German school system in which it is very important to actively
participate in class as oral grades hold a high share for the final mark. In contrast, oral participation
was not equally important in Hong Kong classrooms at the time of study. Then, marks mainly
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referred to results from quizzes and exams. The significantly higher share of mathematics being part
of some basic knowledge may be related to the German humanist educational ideal following
Wilhelm von Humboldt. By it, a basic general knowledge in lots of areas is deeply rooted in society.
In contrast, in the Chinese Culture (Wong, Wong, & Wong, 2012), high performance in
examinations and self-perfection are, among others, very important aspects in relation to education.
Thus, examination and self-perfection could have been expected to show significant differences but
did not in this study. With relation to vocational precondition, no cultural beliefs are known to the
author that might explain the difference. One could hypothesize that it might be a socially desirable
answer as the need of mathematics for a future profession is generally accepted in Germany.
Whether this may be equally true for the Hong Kong sample, cannot be judged from the data.
With respect to concepts from the relational framework it was only possible to relate interest to the
data. Interestingly, it seems, to be significantly more important for Hong Kong students to mention
interest in mathematics as being a reason to learn it. Whether this is an artifact of for instance social
desirability or whether students from Hong Kong are more interested in mathematics than students
from Germany can, again, not be judged with the data of this study.
CONCLUSION
To conclude, the model of personal meaning seems to be suitable to describe reasons for learning
mathematics as all answers could be interpreted using it. It would even provide more kinds of
meaning to interpret a wider range of data. In addition, differences between the subsamples can be
found with respect to three personal meanings and interest as only concept from the relational
framework. However, as the sample is still quite small for a quantitative analysis, I would not dare to
generalize the findings. Especially when drawing at a larger sample, sample comparisons might have
different results and the other personal meanings might also be needed to analyze the data. Thus,
further study is needed in this field.
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This study aims to closely uncover how learners’ positive emotions are physiologically presented in
learning of early algebra tasks by conducting naturalistic observations in three cases. Based on
results, there are two positive emotions which occur within students’ accepting (or finding) new
mathematical ideas: surprise and happiness.
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POSITIVE EMOTIONS IN EARLY ALGEBRA LEARNING
Providing early algebra intervention has fundamental benefits before learning algebra in secondary
education (Blanton et al, 2019). In terms of the time to teach early algebra, Blanton (2008) addressed
algebraic thinking should be taught from a young age in kindergarten. In addition to achieving the
instructional goals, the emotions in learners also arouse based on human nature (Hannula, 2006).
Nonetheless, there has been little attention to affective features in early aged learners (Black et al.,
2019). Admittedly, emotional responses of young learners are not yet fully described but it is needed.
To have a better picture of young learners’ emotional responses in algebra tasks, we should
understand the extent of affection and emotion. Historically, there were long discussions of the
category of affection. In the late 20th century, McLeod (1992) categorized affection in three areas:
beliefs, attitudes, emotions. More specifically, Ekman (1992) divided emotions into six universal
categories: happiness, sadness, fear, anger, surprise, and disgust. In addition to Ekman’s approach,
Sperling (2012) provided a physiological coding manual of emotions (See Sperling, 2012, Appendix
A) based on naturalistic observation. Bringing perspectives of emotion researchers, Hannula (2015)
summarized emotion has a relationship with the personal goals of human coping and adaptation, and
its physiological reaction is a distinctive factor from cognition. Black et al. (2019) suggested that
emotional experience might occur at the moment. Taken together, this research approaches from
physiological, and moment-by-moment capturing of learners in early algebra instructions.
This research focuses on positive emotions in the context of understanding of equations and
functional thinking in early algebra even if there has been more attention to negative emotion in
mathematics (e.g. math anxiety). Not only avoiding having negative feelings like math anxiety but
also having positive emotions could be ideal for mathematics learners. Among six emotional
categories (Sperling, 2012), this study included two coding sections: happiness and surprise
(specialized in) the moment of ‘Aha’ experience, while excluding negative emotions of sadness, fear,
anger, and disgust.
METHODS
The data in this study come from a larger cross-sectional study including thirty participants who are
from two Kindergarten, two grade 1, and two grade 2 classrooms from two schools in two different
states including a diverse population. Those were collected three times in the academic year of
2018-2019. Among 30 interviewees, this study chose two first graders, and one second grader based
on occurrences of positive emotions. The purpose of the interview data is supporting students’ early
algebra understanding. The interviews were guided by a primary investigator, and there is a student.
There are two different educational scenes in data which explores the understanding of equations,
and functional thinking. The first contents area is to introduce the meaning of an equation, equal sign
by using a number line scale. The second contents area is to guide the use of variables in an equation
with a box which represents unknown, and cubes to show real numbers. All data was recorded via
video clips. After finding emotional responses from participants, those video clips were transcribed
line-by-line. A coder in this study analyzed data, based on an emotional observation coding manual
in Table 1.
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Emotions
Happiness

Surprise

Coding Manuals
Smiling, cheers, claps, dances, jumps, laughs, sings, eager, lip comers pulled up,
cheeks raised, crinkling around eyes, giggling, affection, smirking, warm
emotional tone, terms of endearment, physical touching that is intentional and not
accidental.
Raised eyebrows, dropped jaw and open mouth, widened eyes, intake of air/gasp,
surprised emotional tone, an “aha” moment as in the person realizes or gets
something that previously was not understood.
Table 1: Positive Emotional Coding Manual (Sperling, 2012)

FINDINGS
Case 1: Grade 1–Understandings of equations through a number line scale
1
S:
((Given 4 + 2 = __ + 4)) Maybe, I could put a chip on 1, 2, 3.
2
I:
Okay, let’s try it.
3
S:
Maybe, 2? ((putting chips on 2)) Oh, it does! ((Surprise-emotional tone))
4
Oh! ((Surprise)) Because it’s the same. ((Looking chips on both sides with a big
5
smile which shows happiness))
6
I:
What do you mean it is the same?
7
S:
Because, here ((on the left side of the number line scale)) this is 4 and 2, and
8
this ((on the right)) is 2 and this is 4 ((Happiness-smiling)).
9
I:
It absolutely does.
In the first case, a first-grade student is given an equation 4 + 2 = __ + 4. From his initial prediction,
he asserted that he should put the number 6 in the blank. But, after putting a chip on a number line
scale, the scale is tilted and he seems to be confused since the results are contradictory to his
conjecture. But, he speculates to put a chip on number 2 (Line 3), then finds out both sides of the
number line-scale have chips on the symmetrically identical locations while showing a big smile
(Line 4-8). Then, he admits the scale has the same numbers on both sides and gives the reason for
balancing which shows cognitive progress alongside the positive emotions.

Figure 1: Positive emotions in understanding equation (Line 3-5)
Case 2: Grade 1–Functional Thinking (Variable)
1
2
3
4

I:
S:

Even if we don’t know how many like there’s a thousand. We can use what
mathematicians do, they just use a letter, not even a number. They use a letter.
((head down and asks)) What? ((Surprise-tone)) That’s not a number, it’s a letter.
((Happiness- smile))
((omit several seconds because of the page limitation))
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5
6
7

I:
S:

If your friend has ‘t’ clips in his box, and we give him three more in addition
to that, how many does he have all together? Please write down for me?
((grab a pencil and write T+3))

Figure 2: Positive emotions in learning a variable (Line 3-4)
From the second case, also it is obvious that a learner exhibits a surprise (Line 3) with a high tone of
her voice when the unexpected and surprising new algebraic concept was introduced since she firmly
believed only numbers can be inserted in an equation. Then, the learner smiles in happiness (Line 4).
This happens in a short time, less than a minute. After the emotional response faded, the instructor
asked another question but still in functional thinking, and the student completed the equation of T+3
successfully (Line 7). This proves the learner accepted to use a variable of unknown.
Case 3: Grade 2–Functional Thinking (Table)
1

I:

2
3
4
5
6
7
8

S:
I:
S:
I:
S:

Do you see any patterns between the number of ducks and the number of duck
feet?
One, two, three, four, five, six. Oh! ((Surprise: open her mouth widely, and
Happiness: showing a big smile))
What do you see something?
It is like 1 + 1 = 2; 2 + 2 = 4; 3 + 3 = 6.
How did you see that? 1 + 1 = 2, I want to write it down because it looks really
important to me. ((write down the equation on a worksheet))
((Happiness: Smiling during writing)) 3 + 3 = 6; 4 + 4 = 8

Figure 3: Table of duck feet, and positive emotions (Line 2-3)
From the last case, the learners’ exclamation “Oh!” (Line 2-3) represents her emotion of surprise and
happiness since she found the pattern of the table, and she writes equations step-by-step (Line 8)
while smiling which shows happiness. Finally, she added one more equation which is not on the
table. This also shows she understood a function by reading a table.
CONCLUSION
Affection is a factor in promoting mathematical competency. From all three results, there were two
kinds of positive emotions: surprise and happiness, then learners accepted or found a new early
algebra concept: understanding equality of functional thinking. Since this research analyzed three

103

Sung, Stephens, Blanton, Gardiner, Knuth, & Stroud
scenes of learners, there could be more types of the emotional shift in learning. Nonetheless, these
results could be meaningful resources in two ways: Dealing with the young age groups of grades 1
and 2; Focused on positive emotional responses. Based on these cases, this study wishes the math
educators would receive more sense to guide unexpected surprising learning and also provide
learners to smile in early algebra learning.
Additional information
The research reported here was supported in part by the National Science Foundation under DRK-12
Awards #1720129. Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the authors and do not necessarily reflect the views of the National Science
Foundation.
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STEREOTYPE ON FEMALE’S SUCCESS BOOSTS FEMALE’S MATH
LEARNING
Xiaorui HUANG
Bo DONG
Institute of Curriculum and Instruction, East China Normal University

It is commonly seen that male’s success and female’s failure in math was attributed to born talent
while female’s success and male’s failure in math was attributed to effort. This study examined mathmale stereotype (MMS: math a male subject) and math-female stereotype (MFS, female’s success in
math was because of effort) influencing male’s and female’s math performance separately in a sample
of 1,734 secondary students. Results from structure equation modeling showed that MFS boosted
female’s math performance and weakened the negative effects of MMS on females’ math performance.
MMS also boost male’s performance; however, MFS had no significant effect on males’ math
performance. These findings give some suggestions about the improvement of the teaching math and
math-related disciplines to female students.
LITERARATURE REVIEW
The gap between male and female is shrinking in math Lai (2010). Female students was found to
outperform male students in recent studies (Pomerantz, Altermatt, & Saxon, 2002). Even so, the
stereotype that math is a male subject is still existed (Huguet & Régner, 2007).
It is interesting that the attribution of success/failure in math for female are totally different from male
students in China and probably else in the world. That female’s success in math was attributed to their
effort(e.g., diligent, careful, self-discipline, and hardworking) by parents and teachers, while male’s
failure in math was attributed to lack of effort (e.g., careless and naughty) (Duckworth & Seligman,
2006; Zhang & Fan, 2014). In contrary, that male’s success in math was attributed to their talent (born
for math) while female failure in math was because of their lack of talent (girls were not good at math).
It is well-known that the attribution to talent for male’s success and female’s failure was math-gender
stereotype. Math-gender stereotype (Called it as math-male stereotype in order to differentiate from
the stereotype toward female’s success in math, shorted as MMS) is a bias that math subject is
dominated by male (Duckworth & Seligman, 2006). Math-gender stereotype hinders female’s math
learning according to stereotype threat (Steele & Aronson, 1995). According to stereotype lift theory
that the positive stereotype raise the ingroups performance (Walton & Cohen, 2003), it also might
boost male students’ math learning.
However, would the attribution to effort for female’s success and male’s failure in math lead to another
kind of gender stereotype in math (called as math-female stereotype and shorted it as MFS)? The
female students who endorsed MFS would achieve better in math because they can achieve success by
making effort in math? Would the endorsement of MFS would weaken the detrimental effects of MMS
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on female’s math learning? Would the endorsement of MFS would throw a threat to male who
endorsed the MFS according to stereotype threat theory?
METHOD
Participant
The sample was collected from 14 ordinary secondary schools in Shanghai, China. Students were
asked to fill in the questionnaire through the online platform. The total sample was 1,734 students.
There are 889 male students (46.7%) and 845 female students. There and 75.8% of single child and
24.2% of non-single child. The mean age was 13.77, standard deviation was 0.846. Only one variable
had a missing value.
Measure
MMS consisted of five items about the endorsement of math male stereotypes rated on a 4-point scale
(completely disagree to completely agree). The items were adapted from Casad, Hale, and Wachs
(2015). Sample items included “Boys learn better than girls in math”, “Boys learn better in math
because they are smarter than girls”. The Cronbach alpha was .886.
MFS were measured by 3-item measure of math-related female stereotypes on a scale from
1(completely disagree) to 4(completely agree). These three items measured the endorsement of
female’s success in math .
The items were developed from Duckworth and Seligman (2006). The items were “girls learn better
than boys because girls spend more time on math” “Girls learn better than boys because girls are more
diligent than boys” “Girls learn better than boys because girls are more careful than boys in math”.
The Cronbach alpha was 0.915.
Math achievement was collected from school tests. The standardized score within grade was computed
in order to eliminate school effects. Parental education was measured by parents’ highest education
level.
Analysis strategies
Structural Equation Modeling (SEM) was employed and analyzed in Mplus (Muthén & Muthén, 19982012) for male and female students separately. Full information maximum likelihood was used to
estimate the missing data (Graham, 2009). The simple slope (Aiken, West, & Reno, 1991) was used
to further examine the interaction effects. Multiple group analysis was used to examine the
measurement invariance between male and female students(Cheung & Rensvold, 2002).
RESULTS
Female students
The relationships among MMS, MFS, and math achievement were examined for female students (as
showed in Figure 1). Parental education and whether a single child at home were taken as controlling
variables for math achievement. The goodness of fit χ2(61)=210.562, CFI=0.959, TLI=0.947,
RMSEA=0.080, SRMR=0.065, showed a good fit to the data.

107

Consistent with the hypotheses, MMS had significant negative effects on girl’s mathematics
achievement (β = -.35, SE =.050, p < 0.001) after controlling MFS. MFS had significant positive effects
on girls’ math achievement (β =.16, SE =.055, p =.003) after controlling MMS. The interaction effects
between MMS and MFS has positive effects on math achievement (β =.12, SE=.035, p < 0.001).
In order to sharpen our understanding of the interaction, we further analyzed the results using simple

Note: * p<.05, **p<.01, **, p<.001.
The values outside parentheses are estimates
the values in parentheses is standard error.

Figure 1 The effects of MMS and MFS on
female’s math performance

Figure 2 The effects of MMS on female
students’ math achievement depend on MFS

slope analysis (Aiken et al., 1991). For girls with high MFS (1 SD above the mean), MMS had
significantly negative effects on math achievement (β = -.05, SE = .010, p <.001). For girls with low
MFS (1 SD below the mean), MMS had a significantly negative effect on math achievement (β = -.09,
SE = .013, p < 0.001). If the interaction effect is significant, the simple slopes of low and high groups
is significantly different from each other (Aiken et al., 1991, p. 20). The effect of MMS on girls’ math
performance was significantly weakened in the group of girls with high MFS (Figure 2).
Male students
The relationship among MMS, MFS, and math achievement were also examined for boys (as showed
in Figure 1). The goodness of fit was χ2(61) = 219.414, CFI = 0.961, TLI = 0.950, RMSEA = 0.078,
SRMR = 0.082, indicating that the model had a good fit to the data.
Results showed that MMS had a significantly positive effect on males’ math achievement (β =.13, SE
= .051, p = .011) after controlling for MFS. MFS had no significant effects on males’ math
achievement (β = -.06, SE =.050, p =.250) after controlling for MMS. This result was inconsistent with
the hypothesis. The MMS and MFS had no significant interaction effects (β = -.01, SE = .040, p =
0.783) on male’s math achievement.
DISCUSSION AND CONCLUSIONS
This study examined MFS and MMS influencing male’s and female’s math performance separately.
Results showed that MFS boosted female’s math achievement and weakened the negative effects of
MMS on female’s math learning. MMS boosted male’s math achievement. MFS, however, had no
significant effect on male’s math learning.
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Consistent with our expectation, MMS undermined female’s math performance. This result was
consistent with stereotype threat that people suffering from negative stereotype towards his/her group
will lower their performance (Steele & Aronson, 1995). MMS boosted males’ math performance. the
results were consistently with previous researches (Flore & Wicherts, 2015; Huguet & Régner, 2007)
and with stereotype lift theory (Walton & Cohen, 2003).
MFS boosted female’s math achievement. The endorsement of MFS boosted female students’ math
achievement because it gave the hints that they can also achieve success in math though their effort.
In addition, our results also showed that the negative effects of MMS on female students’ math
achievement was weakened by MFS. Additionally, MFS had no significant on males’ math learning.
That is, MFS had no harm to male group.
Therefore, we conclude that teachers can encourage female students in class that they can achieve
success via their efforts without hurting male students.
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PEER PRESSURE EFFECT ON STUDENT TEACHERS’ AFFECTIVE
RELATIONSHIP WITH PROBLEM POSING
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Konstantinos Tatsis
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In this paper, we investigate the effect of peer pressure on the affective relationship of student
teachers with problem posing both as a learning task and as a teaching method. We report on the
affective transformations about problem posing that occur during their interactions with their peers,
attempting to identify potential factors that may facilitate the incorporation of problem posing in the
future teaching practices repertoire.
AFFECTIVE FACTORS IN PROBLEM POSING
Problem posing, especially in relation with problem solving (Silver & Cai, 1996), is one of the most
important aspects of mathematics both as a discipline and as a teaching subject and has been linked
to creativity (Silver, 1997) and mathematical inquiry (Leikin, 2015). Problem posing may take place
before, during or after problem solving (Silver, 1994), involving different types of initial contexts or
situations (Stoyanova & Ellerton, 1996): free (the students pose problems without any restrictions);
semi-structured (the students are provided with an open situation –such as a diagram, an image or
plain text– and are asked to pose a problem based on that; structured (the students pose problems by
reformulating existing problems or by varying the conditions or the questions of a given problem).
Considering the importance of problem posing, it is reasonable to argue that mathematics teachers
should be able to provide such situations to their students (Crespo, 2003), thus implying their having
experience in posing and solving their own problems. Moreover, drawing upon the fact that a
positive affective relationship is strongly linked with fruitful mathematical teaching and learning
(Hannula, 2012), we claim that the affective relationship that the student teachers experience with
problem posing is intertwined with their employing problem posing in their future everyday
teaching, thus rendering important to investigate their affective relationship with problem posing.
Following these, we designed a mathematics student teachers’ training course, with the main purpose
being to engage them in problem posing, both within the clinical environment of a university class,
and during their practicum. In the present study, we investigated the student teachers’ affective
relationship with problem posing in mathematics and its teaching, as they progress though the stages
of the training course, with a particular focus on peer pressure. Consequently, in this paper, we
address the fundamental questions: a) In which qualitatively different ways is peer pressure
manifested on the student teachers’ affective relationship with problem posing? b) What was the
influence of peer pressure on the student teachers’ affective relationship with problem posing?
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CONTEXT OF THE STUDY AND METHODOLOGY
The university course that is the focus of the present study, lasted 11 weeks and consisted of several
activities, namely: individual questionnaires at the beginning and at the end of the training course,
workshops on problem solving, posing and assessing, self-reports prior and after the school practice
and a whole-class reflective focus group. Nine student teachers participated (seven female, two
male), all at the third year of their bachelor studies in Mathematics, whose ages ranged from 22 to 24
years. They had previously attended courses on pure mathematics, mathematics education as well as
courses on general education; however, they had no prior experience in problem posing per se. Their
teaching experience consisted of two semesters of practicum at primary and lower secondary school.
At the beginning of the course, we obtained an initial affective profile of each student; this profile
contained the student’s mathematics teaching visions, mathematics teaching efficacy, mathematics
teaching anxiety, mathematics self-efficacy and mathematics epistemic views and values. This
questionnaire served as a means to provide a summative measure of the affective relationship with
mathematics teaching and mathematics that we investigate in this study. In the next stage, the
participants were involved in a workshop focused on mathematical task evaluation; this evaluation
was mainly based on the notion of aptness as conceived by Kontorovich, Koichu, Leikin and
Bermana (2012), i.e., “the poser’s comprehensions of explicit and implicit requirements of a
problem-posing task within a particular context” (p. 153). Then, they were initiated to the ‘What if
not?’ strategy (Brown & Walter, 1990) as it was implemented by Lavy and Bershadsky (2003) with
preservice teachers. Later on, two workshops on problem posing took place; besides the posing of a
problem related to a given mathematical concept, the participants were asked to evaluate the
problems posed by themselves and their peers. Then, the participants implemented the problem
posing approach during their practicum and after that they compiled their self-reflection logs.
Subsequently, a reflective focus group took place, in which the questions from the self-reflection
logs were initially raised and discussed. The instructor (the first author of the paper) raised the topics
in which the group’s opinions were heterogeneous. The rationale of this was to bring to the fore any
effect of peer pressure and to observe the degree of pressure being exercised by each participant. The
interactions that took place during the focus group are the main source of data for the analysis of the
present paper, complemented by the participants’ self-reflection logs (the whole study is described
elsewhere; Maj-Tatsis, Tatsis, & Moutsios-Rentzos, under review).
In order to analyse the data from the transcribed discussions and the written logs, we deployed a
comparative thematic analysis approach, aiming to identify all the manifestations of peer pressure
effect, together with the agents involved: the participants who exercised it and the participants who
were affected by it; additionally, we examined the degree of this effect. In this study, we identify the
peer pressure effect in the uttered transformations on the reported affective relationship problem
posing, during the student teachers’ interactions with their peers. These transformations have been
approached through Goffman’s and Levinson’s ideas about participation (Brandt & Tatsis, 2009;
Krummheuer & Brandt, 2001) and in particular with respect to the responsibility and originality of
the syntactical form and the semantic contribution of the speakers’ utterances (Krummheuer, 2007):
an author “verbally expresses his/her own idea in his/her own words” (p. 67); a relayer expresses the
ideas of others in their words; a ghostee expresses his/her ideas through someone else’s words; a
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spokesman uses his/her own words to express someone else’s ideas. Drawing upon previous projects
(Moutsios-Rentzos & Kamami, 2016), we employed this categorisation to both identify the peer
pressure ‘agents’ and ‘recipients/receivers’, as well as qualitative different peer pressure effects.
INDICATIVE RESULTS AND CONCLUDING REMARKS
First, we discuss Joanna, a female student teacher, who exercised the highest pressure among her
peers; in other words, she was the most influential. The following excerpts come from the focus
group discussion; the student teachers initially took turns in order to describe their experience in
problem posing within the classes they taught. Joanna was the last to talk (all names are
pseudonyms):
Joanna:

So, I think that it would be good to analyse all the tasks with the students. It would make
them be aware of many things.

The instructor asked them for any additional remarks. Pola, another female participant, commented:
Pola:

I think that it would be very important to analyse with the students what they wrote and
solve some of those tasks. In order for them to see what they created. Because they could
have the impression that they created the best task in the world and then – like we did it
at our classes – the eyes are opening and we can see what can be improved and corrected.

The same suggestion, on analysing the posed tasks with their students, was expressed twice more by
other participants. Drawing upon the fact that this idea was not expressed in any of the written logs
nor in the discussion that preceded, and that three student teachers assumed the role of a relayer or a
spokesman, we consider this as a manifestation of peer pressure. The comparative thematic analysis
of all utterances revealed the preservice teachers who mostly exercised pressure over their peers
were Joanna, Pola and Robert (male). Their common affective characteristic (as expressed during the
focus group and in the self-reflection logs) was their strong positive feelings towards problem posing
as a teaching approach; additionally, they viewed problem posing as an approach that allows for a
deeper understanding of mathematical concepts. The rest of the participants viewed problem posing
merely as a teaching approach that may be used to enhance the students’ interest.
Moreover, in order to identify a degree of peer pressure effect, we compared the participants’
utterances during the focus group with those uttered by the ‘influencers’ of the group; the higher the
alignment the larger the effect of peer pressure. Joanna, Pola, Beata and Robert seemed to be the
least affected. For Joanna, Pola and Robert, this is a direct result of their being the most influential.
However, Beata had minimal influence and, at the same time, seemed to not be influenced at all by
her peers. Thus, Beata is identified as a case of a participant whose affective relationship seems to be
self-referenced and self-sufficiently developed. On the other end, Nina, Iza and Marta were the most
influenced. Their utterances mostly derived from one of the ‘influencers’ or were aligned with their
views; thus being, respectively, relayers or spokesmen. For instance, Iza wrote in her self-reflection
log: “The tasks were quite diversified; some of the new formulated problems were standard
mathematical tasks which you can find in their (pupils’) math handbook”. During the focus group,
Pola expressed her view on the aptness of a posed problem (thus being an author), while Iza was just
a spokesman of Pola’s views, which importantly for our study, were in contrast with Iza’s views on
her self-reflection log:
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Pola:

I am pleased, although I think it could be better. I was expecting more creative tasks,
although it wasn’t so bad. I was expecting more tasks in which the final question would
be changed, but in some tasks the students tried hard, so I am pleased. (…)

Iza:

Yes, I would expect better tasks. Because those were such… well, in most of them it was
changes in the data or question with data.

The findings of our analyses revealed the diverse ways that the peer pressure may function during
the student teacher’s interactions and the transformation of their affective relationship about problem
posing. Considering the sociocultural nature of mathematical knowledge construction and the
importance of the affective factors in mathematics teaching and learning, we argue that it is crucial to
identify the degree and the qualitative characteristics of the effect of peer pressure in the students’
affective relationship with mathematics.
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QUESTIONNAIRE OF ATTITUDES TOWARD STATISTICS FOR JUNIOR
HIGH SCHOOL STUDENTS IN JAPAN.
Yoshinori Fujii and Koji Watanabe
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In Japan, Junior high school students have high ability of solving mathematical problem but low
affective aspects for mathematics. So, developing students’ affective aspect is one of the serious issues
in mathematics education. Especially it is more important in statistics education because we need to
continue learning after school in order to use statistics in our life. We developed a questionnaire to
evaluate the attitudes toward statistics for junior high school students in Japan. We constructed 3
models for the data and compared them by using the confirmatory factor analysis. Among them 3
correlated factors model with Interest, Value and Recognition was shown to be preferable.
INTRODUCTION
Generally, Japanese students’ affective aspects for mathematics is at the lowest level internationally.
For example, Japanese students’ level of five aspects (namely, interest in and enjoyment of
mathematics, instrumental motivation to learn mathematics, mathematics self-efficacy, mathematics
self-concept and mathematics anxiety) in PISA survey in 2003 and 2012 were much below the
international average (e.g., OECD, 2014). It is effective in learning mathematics after finishing school
education that the students acquire positive affects for mathematics and its learning. Developing
students’ affective aspects for mathematics is one of the serious challenges for mathematics education
in Japan.
On the other hand, being demanded from the society, statistical knowledge and skills are newly needed
to cover in mathematics education in Japan. For example, boxplot and inter-quartile range will be
taught in second grade junior high school in the revised Japanese course of study that is going to be
applied in the year 2021. However, statistical knowledge and skills that need to be dealt with in junior
high school mathematics education are changeable because statistical knowledge and skills required
from society are being evolved rapidly. Therefore, the students should learn statistical knowledge and
skills continually after finishing junior high school education. Gal & Ginsburg (1994) mentioned that
statistics teachers should aim to engender in students a positive view of statistics and an appreciation
for the potential uses of statistics and its role in future personal and professional areas relevant to each
student. In other words, students’ affective aspects for statistics and its learning have to be focused on
and the teachers should understand them adequately.
Several questionnaires to evaluate attitudes toward statistics were developed for university students.
The most popular one is Survey of Attitudes Toward Statistics (SATS) developed by Schau et
al.(1995) at the present time. The original version (SATS-28) of SATS contains 28 items that use a
Likert-type scale. The recent version (SATS-36) contains 36 items. SATS-36 has two types of
questionnaires. One of them is to carry out before a statistics course and the other is for after the course.

114

So we can evaluate the change of the attitudes. SATS has been translated in many different languages
include Japanease and has been used around the world.
In this paper we developed a questionnaire for junior high school students to measure their affective
aspects for statistics and investigaed its statistical properties.

METHOD
Data
We developed a questionnaire to evaluate the attitudes toward statistics for junior high school students
based on SATS-36. SATS-36 is consist of 36 items targeted six different attitudes components, namely
Affect, Cognitive competence, Value, Difficulty, Interest and Effort. In this study we developed only
one questionnaire which is written in present tense in order to evaluate the attitudes at that time. For
junior high school version we omitted 4 response items targeted the component Effort and two response
items which is not fit for junior high school students. As the results we have 30 response items. Finally
the text representation of items was modified to be understandable for junior high school students by
having discussions with junior high school mathematics teachers.
The proposed questionnaire was administered to 156 second grade and 150 third grade junior high
school students in Miyazaki prefecture, Japan, in June 2019. As 35 students did not answer several
items, those students was excluded in our analysis which leads to 138 second grade and 133 third grade
students, in total 271 students. The valid response rate is 88.6%.
Statistical analyses
We conducted confirmatory factor analysis (CFA) using several models. Firstly, we consider the
model based on 6 components of SATS-36. Each response item is corresponding to one of 5
components except for Effort. We call this 5 components model as the original model.
Next, we conducted the exploratory factor analysis (EFA) to consider the relationship between
response items. We constructed 3 independent factors model based on the results in EFA with 3 factors.
Moreover, we introduced the model with covariance between 3 factors. We call this 3 correlated factors
model. These models (the original model, 3 independent factors model and 3 correlated factors model)
were compared by using CFA. To evaluate the model-fit we use the Root Mean Square Error of
Approximation (RMSEA) and Comparative Fit Index (CFI) as goodness-of-fit indices. The models
with lower RMSEA and higher CFI are considered to have good model-fit. Finally, we calculated the
Cronbach’s alpha values to confirm the internal reliability.
We used R version 3.6.1 in all analysis.

RESULTS
At first, we corresponded one of 6 components of SATS-36 for each response item. In fact, we used
only 5 components because we deleted the response items related the component Effort. In the original
model we assume the value of each response item has two arrows from corresponding component and
residual latent variable. The model was investigated by CFA. We presented the goodness-of-fit indices
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of the original model in Table 1. The values of RMSEA and CFI are 0.1033 and 0.664, respectively.
It shows the original model does not have enough model-fit in our data.
Model

𝜒2

DF

RMSEA

CFI

AIC

Original

1532.0

395

0.1033

0.664

1672.0

Independent 3 Factors

1268.8

405

0.0889

0.745

1388.8

Correlated 3 Factors

1167.3

403

0.0838

0.774

1291.3

Table 1. Goodness-of-Fit indices for the 3 models (n=271)
We explored the factor structure by using EFA from the beginning. We started to conduct EFA with 5
factors. Table 2 shows the eigenvalue of each factor. First three factors have high eigenvalue and fourth
one is rapidly decrease and fifth one is less than 1.0. The results recommend 3 or 4 factors models. We
conducted EFA with 3 factors and 4 factors. We investigated the factor which has highest loadings for
each response item. In the results of EFA with 4 factors, the fourth factor has only two response items
with highest loadings, and for the other response items the factors with highest loadings are same in
EFA with 3 factors and 4 factors. So, we decided to use the results from EFA with 3 factors in this
study. Persson et al. (2019) proposed to combine the component in SATS-36. Our results are fitted in
their results.

Eigenvalue

Factor1

Factor2

Factor3

Factor4

Factor5

4.533

4.144

3.069

1.651

0.747

Table 2 Eigenvalue of each factor in exploratory factor analysis with 5 factors.
To compare with the original model we considered two models based on the results of EFA with 3
factors. The first model has 3 latent variables and the value of each response item has two arrows from
the factor with highest loadings and residual latent variable. And we assume the 3 latent variables are
independent. We call it independet 3 factors model. The model reduce RMSEA by 0.0144 and increase
CFI by 0.081 from the original model. The AIC of independent 3 factors model is also less than that
of the original model. Thus, the 3 independent factors model fits the data better than the original model.
Table 3 shows the relationship between response items and 3 latent factors. All factors have 10
response items and Factor 2 closely related with the component Value in SATS-36. The response items
according to Affect or Difficulty are devided in Factor 1 and Factor 3. The response items according
to Interest and Cognitive Competency are related to Factor 1 and Factor 3, respectively. So we
considered 3 factors as Interest , Value and Recognition.
In the next step, we added the correlations between 3 latent variables in independent 3 factors model.
The most fitted model is one with correlations between Factor 1 and Factor 2 and between Factor 1
and Factor 3. We call it correrated 3 factors model. Table 1 shows that the model improved the model
-fit compared with independent 3 factors model.
Finally we calculated the Cronbach’s alpha to assess the internal reliability. The alpha coefficients of
Factor 1, 2 and 3 are 0.87, 0.86 and 0.81 respectively. This suggests that all 3 factors have good
reliability because all alpha coefficients values are larger than 0.8.
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Factor1

Factor2

Factor3

Item

SATS36

Item

SATS36

Item

SATS36

2
3

Affect
Difficulty

1
5

Value
Value

8
10

Difficulty
Cognitive

4
7
9
11
19
21

Interest
Affect
Value
Interest
Cognitive
Interest

6
12
16
17
20
22

Value
Value
Value
Difficulty
Value
Difficulty

13
14
15
18
23
25

Affect
Difficulty
Cognitive
Affect
Affect
Cognitive

29
30

Interest
Difficulty

24
27

Value
Value

26
28

Cognitive
Affect

Table 3. The relationship between each item and SATS36 components

CONCLUTIONS
We constructed the questionnaire to measure the attitudes toward statistics for junior high school
students. The results of confirmatory factor analysis show that the correlated 3 factors model with
Interest, Value and Recognition is the best fit to our data. The model is simpler than the original model
related to 6 components model for SATS-36. The questionnaire that we constructed in this study will
be useful and valuable to evaluate the affective aspects of junior high school students toward statistics
in the research for statistics education in Japan.
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“DEAR ‘KINGOS’, IT’S ALL RIGHT TO BE NOISY!”
WHY IT IS SO HARD TO GET THEM TALKING?
Natanael Karjanto
Department of Mathematics, University College, Natural Science Campus
Sungkyunkwan University, Suwon, Republic of Korea
This paper discusses an effort to encourage student-instructor interactive engagement through
active learning activities during class time. We do not only encouraged the Kingos to speak out
when an opportunity arises but also required them to record their active participation in a student
journal throughout the semester. In principle, any activities which constitute active learning can and
should be recorded in the ‘Student Journal’. These include, but not limited to, reading definition,
theorem, problem, etc.; responding to questions and inquiries; asking questions; and pointing out
some mistakes during class time. Despite an incentive for this participation, our experience teaching
of different mathematics courses in several consecutive semesters indicates that many Kingos resist
in speaking out publicly, submitting an empty journal at the end of the semester. Students’ feedback
on teaching evaluation at the end of the semester reveals that many dislike and against the idea of
active participation and recording it in a journal. This paper discusses the reason behind this
resistance and provides some potential remedies to alleviate the situation.
INTRODUCTION
The ‘Kingos’ mentioned in the title of this article refers to the students in our institution. In the
context of this paper, they are only a subset of students who enrolled in our mathematics courses.
Literature study
Adopting and implementing interactive engagement and students’ active participation are not only
fostering a fun and interesting environment for studying but also cultivate students with the goal of
deeper learning and long-term retention rate. The literature contains a non-exhaustive list of
pedagogy involving some kind of active learning in various disciplines. There exists ample evidence
that active learning is more superior than a passive one, from improving students’ grade, minimizing
the number of failures and increasing the lifespan of retention learning rate (Crouch & Mazur, 2001;
Freeman et al., 2014).
We observed two potential challenges which may limit the success of active learning strategy:
Confucian Heritage Culture (CHC) and English-Medium Instruction (EMI). The former is not only
known for its quiet class culture and passive-receptive learning style but also includes cultural
differences and language barrier. Hence, both challenges are closely related. Indeed, typical CHC
students are often reluctant in expressing opinions and not accustomed to classroom participation.
Some of them even go further by resisting curriculum, pedagogy, and context, as recently revealed
by Huang (2018).

118

Karjanto
EMI is not only popular in Europe but also in Asia because offering it may improve the university’s
reputation and ranking (Cho, 2012). This ambition can be hampered due to the lack of language
proficiency, from both instructors and students alike, as evidenced in the Korean context (Byun et
al.,2011). We should learn from our European colleagues on how to implement EMI successfully
(Klaassen & De Graaff, 2001). Admittedly, the issue surrounding EMI is not simple and any bold
step in adopting it has fostered debates, challenges, and controversies (Doiz et al., 2011).
Theoretical framework
The theoretical framework for this study is a combination of journal writing, CHC classroom and
EMI environment. For the student journal, it is a tool to acquire and improve reflective thinking
(Dewey, 1933; Schön, 1987). For CHC, it is based on both the conventional teacher-centered
approach to teaching and learning as well as the ‘activity theory’ which enhances constructivist
learning reforms (Engeström, 1999; Ng, 2009). For EMI, it is based on the ‘dynamic bilingual
education’, which involves the practice of using English for communication purpose as well as
promoting multicultural awareness (Baker, 2011; Garcia, 2009).
Research question
We are interested in answering the following research questions:
1. What is students’ feedback after experiencing active learning for which they also need to record
their participation in a student journal?
2. What are some challenges and potential remedies for this type of pedagogy, particularly in the
context of CHC-EMI environment?
METHODOLOGY
We only consider the qualitative aspect of active participation and student journal using the students’
feedback and perception collected at the end of the semester.
Participant
The participants in this study are the Kingos who are enrolled in three mathematics courses offered at
the Natural Science Campus of our university: Single Variable Calculus (two sections, 134 students),
Multivariable Calculus (two sections, 84 students) and Linear Algebra (six sections, 336 students),
for two years from Fall 2016 until Spring 2018. The total number of participants is 554 and their age
ranges from 18 to 24 years old. We also adopted the convenience sampling method due to its
efficiency and accessibility.
Measurement
We obtain the students’ feedback from the online questionnaire administered by the Academic
Affairs Team. We focus on the second part of this questionnaire which solicited the students’
suggestions for the instructor in improving the teaching.
RESULT
The submission rate of the journal ranges from 38% to 94%, depending on the course and the
semester. From those who submitted the student journal, around 30% of the Kingos have never
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participated during the class, as indicated by empty journal submission or unrelated comment written
down just for the sake of filling out the form. From our class observation, only around 10% of the
Kingos participated regularly and filling out the student journal. Digging in further on students’
feedback confirms our initial hypothesis that many Kingos dislike the idea of active participation and
recording it in a student journal, as the following comments show.
Quotes shorter than two lines are normally included within the text, inside quotation marks. For
longer quotations, use the following style.
“I think student journal doesn’t improve anything. Hope we don’t do it.” (Spring 2017, Single-variable
Calculus)
“I hate commenting.” (Fall 2016, Multivariable Calculus)
“I think Student journal can’t help my LA studying.” (Fall 2016, Linear Algebra)
“I think student journal is not useful.” (Fall 2017, Linear Algebra)
“It seems that the instructor was enforcing too much on active participation.” (Spring 2018, Linear
Algebra)!

From these comments, we observe that generally the Kingos do not like the idea of participating in
the class, particularly when they have to speak out publicly in front of their peers and writing down
what they have done in the student journal. Many Kingos prefer the passive-receptive learning style
by observing and listening to the instructor talking in front of the classroom.
DISCUSSION
Several factors may contribute to the Kingos’ resistance in participating actively in class. During
their previous educational experience, many of them grow up in a learning environment with where
active participation is not required and the learning style is passive-receptive. In several cases,
speaking up publicly is frown upon since the culture dictates them to remain quiet from an early age,
to listen attentively in class, particularly when the teacher is talking and explaining, and not to
challenge authority even though there exist some obvious mistakes. This type of learning style is
common among students who were educated in the CHC environment. In each student’s mind, there
is a ‘little-Confucius’ subconsciously reminding them to do what they are used to do, despite an
invitation to do otherwise.
In addition to the cultural background, language skill also plays an important role. The mathematics
courses are offered as EMI and the Kingos have diverse English proficiency, as well as mathematical
ability. From our observation, many students in the West generally have higher English proficiency
even though English is not their first language in comparison to the Kingos. Many factors can
contribute to this, including how similar the students’ first language to English, the quality of English
education at the secondary level, and admission criteria of English proficiency, such as TOEFL or
IELTS score. The majority of Kingos are selected through the national examination. English testing
is a component, but communication skills and particularly public speaking are not examined.
Regarding the diversity of mathematical ability, our observation indicates that academically-prepared
students tend to cooperate more in active participation and in writing the student journal, even
though some of them have limited English ability. It also makes sense that weaker students tend to
avoid participation because they might not understand the material or get lost in the discussion.
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The remedy for the latter is beyond our discussion in this paper, but for the former, we could address
the culture before implementing active learning pedagogy. The purpose is not entirely to override the
culture as a whole but to have a common ground of learning culture where we stand at the same level
and could progress together to make successful teaching and learning. We may explain to the Kingos
at the beginning of every semester that active participation is required if they wish to enroll in a
particular course and that there will be points awarded for active participation, and these will be
counted toward their final score. Furthermore, we can assure them that it is all right to be noisy
during the class because it is part of the learning process. We conjecture that the pedagogy of
interactive engagement in this special CHC-EMI environment will be more effective if both the
instructors and the Kingos possess high proficiency not only in English but also in Korean.
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THE CHARACTER OF STUDENTS’ MATHEMATICAL VALUES IN
LEARNING MATHEMATICS
Miho Yamazaki
Teikyo University, Japan
The aim of this paper is to capture students’ mathematical values in a mathematics learning situation.
I had designed a questionnaire where respondents were asked to select from three hypothesised
solutions that appear in a specific mathematics learning situation and got
valid students’ valid
data of which solution is the most mathematical one. As a result, I found that there were three different
types of students’ mathematical values and that students tend to pay no attention to a logical leap
when they value a superficial form of the solutions. This shows that positive values do not always lead
to good learning. To research students’ mathematical values for better learning, the characters of
mathematical values need to be explored in detail.
INTRODUCTION
Students’ values constitute important factors in mathematics education (Bishop, 1988), since positive
conative states are crucial in fostering students’ well-being – and thus performance – in their
mathematics learning experiences. Although the definitions of these terms are not the same among
researchers and some researchers determine values from beliefs ( for example, Goldin, 2002; Cai &
Garber, 2012), I consider students’ values as part of students’ beliefs only in talking about mathematics,
and not in a cultural or educational context. As students are developing and learning about mathematics
in school and students’ values regarding the subject of mathematics are temporary and changeable
over time during and as a result of mathematics lessons. Focusing on the changeable values of students
can lead to consider students’ well-being in mathematics learning (Clarkson, Bishop & Seah, 2010).
In mathematics education research, values are categorized into mathematical values, mathematical
educational values, and general educational values (Bishop, 2001). Values researchers have focused
on all or one of the three in learning mathematics according to their research interests (for examples,
Hannula, 2002; Seah, 2016). In this paper, I focus on mathematical values because this type of values
is introduced by the fact that mathematics is a cultural product and supported by peoples’ values and
that learning mathematics involves learning mathematical contents and processes, including its values
(Bishop, 1988).
Mathematical values have been explored mainly through questionnaires in situations that are not
specific mathematics learning (for example, Bishop, Clarke, Corrigan & Gunstone, 2006; Seah, 2016).
Therefore, the relationship between mathematical values and learning mathematics is still vague. In
this study, I explore students’ mathematical values in a specific mathematics learning situation. The
aim of this paper is to capture students’ mathematical values in relation to mathematics learning.
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THEORETICAL FRAMEWORK
I envisage that mathematical values are important in helping to understand students’ mathematical
problem-solving heuristics and strategies. In addition, students’ values affect their conscious choice
on how to act (Mita, 1966). Therefore, I can grasp students’ values through their choice. To explore
students’ mathematical values, I use a setting in mathematical problem solving where they choose how
to act in relation to mathematics learning by using their mathematical values.
METHOD
Questionnaire
I had designed a questionnaire to assess students’ choices in a specific mathematics learning situation.
The questionnaire featured a question where respondents were asked to select the most ‘mathematical’
solution from three possible solutions. The given question is about counting (see figure 1) and the
solution indicates how a student thinks. Student A’s solution represents induction with a table. He
compares the length of some figures and assumes that the perimeter of the figures increases by 4 cm.
Student B’s solution, on the other hand, represents a deductive explanation of why the perimeter of
the figures increases by 4 cm. He compares the length of two figures and identifies that the perimeter
of the figures increases 3 cm on the lower left part and 1 cm on the lower right part. Student C’s
solution represents deduction with a figure. She measures the sides of the figure and makes a square
with the same perimeter as the figure.
Question:
As described below, place
squares with sides of 1 cm
and make figures of stairs.
What is the perimeter of the
figure of nth stairs?
Figure 1: Sample question on counting
Participants and data
347 Grade 8 and 9 students from a junior high school located at Ibaraki, Japan, were invited to
participate in this study. Participation meant that a student will select what appeared to him/her the
most mathematical solution to a mathematics problem, from amongst three solutions. S/he will also be
required to provide reasons for his/her choice. Valid data from 245 students were collected.
Data analysis
Given that the student participants were providing rich, written data, I analysed them in a qualitative
way. At first, I extracted keywords from all the students’ stated reasons. Then, if there were similarities
in the keywords, these similar keywords were collected into separate labels. Next, if some labels had
similarities, they were also grouped together. After that, I set some groups as main codes and some
labels as sub-codes. I presented and discussed the result with other researchers so as to reach a
consensus. In this way, I identified the types of reasons as indications of students’ mathematical values.
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RESULTS
First, I found that there were three different types of students’ stated reasons; the first one is related to
their feeling towards the solution, the second one is related to the mathematical process involved in
the solution, and the third one relates to existences represented in the solution. These three types were
the reasons behind every solution given by the students. The first reason is in reference to the simplicity
of the solution, quickness of solving, easiness of understanding, reliability of the solution, detail of the
solution, and inventiveness of the solution. I integrated them into a category called ‘affect’. The second
type of reason includes what is referred to as the operation used in the solution, relation focused on the
solution, and other mathematical contents. I integrated them into a category called ‘contents’. The third
type of reason includes only what is referred to as existences represented in the solution. I named this
category ‘form’.
Second, I identified students’ mathematical values as something judging the mathematical worth by
affective criteria, contextual criteria, or formal criteria, respectively. In this way, I distinguished three
characters of students’ mathematical values. I organized the characters of students’ mathematical
values and the selected solutions into table 1 and filled the number of students which met these
conditions. The number in brackets indicates the percentage of students using each criterion in
choosing their solution. However, some students are counted overlappingly, hence the percentages do
not add up to 100% vertically.
Main Code
Affect

Student A

Student B

Student C

107 (100%)

64 (100%)

74 (100%)

Simplicity

17 (15.9%)

1 (1.56%)

10 (13.5%)

Quickness

8 ( 7.5%)

0 ( 0.0%)

6 ( 8.1%)

16 (15.0%)

9 (14.1%)

1 ( 1.4%)

Reliability

4 ( 3.7%)

7 (10.9%)

1 ( 1.4%)

Detail

0 ( 0.0%)

12 (18.8%)

0 ( 0.0%)

Inventiveness

1 ( 0.9%)

9 (14.1%)

19 (25.7%)

Operation

12 (11.2%)

11 (17.2%)

26 (35.1%)

Relation

24 (22.4%)

21 (32.8%)

3 ( 4.1%)

1 ( 0.9%)

0 ( 0.0%)

1 ( 1.4%)

50 (46.7%)

9 (14.1%)

24 (32.4%)

Sub-Code
101

Easiness

Contents

94

Other
Form

83

Existences

Table 1: Number of students in each category
DISCUSSION
Students’ mathematical values are distinguished by their criteria in judging mathematical worth. In
this study, mathematical worth is judged by affective, mathematical, or formal criteria. In particular,
in the context of student A’s solutions, 50 students had judged mathematical worth by formal criteria.
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This is 46.7% of those who evaluated Student A’s solution. However, these students do not pay
attention to a logical leap due to the use of a table in the solution. Because formal criteria focus on a
superficial form of the solutions, students do not look at their substance. Therefore, it is important to
state to students that they should not judge something by formal criteria alone, although form is one
of the valuable items. If teachers refer to formal criteria, they need to introduce both formal and
mathematics criteria.
I also investigated what features in the solutions students turn their mathematical values to. In this
study, the students focused on nine features: simplicity, quickness, easiness, reliability, detail,
inventiveness, operation, relation, and existences. To develop students’ empathy with values inherent
in the other solutions, teachers should refer to them in their mathematics classrooms. This way, there
is a great chance that mathematics – and doing mathematics – becomes more meaningful to them.
CONCLUSION
The data revealed that there were different characters of students’ mathematical values: judged by
affective, mathematical, or formal criteria. And I indicated that students tend to pay no attention to a
logical leap when they value a superficial form of the solutions. This fact represents that positive values
do not always lead to good learning. To research students’ mathematical values for better learning,
these characters of mathematical values need to be explored in detail.
References
Bishop, A. J. (1988). Mathematical Enculturation: A Cultural Perspective on Mathematics Education.
Dordrecht: Kluwer Academic Publishers.
Bishop, A., Clarke, B., Corrigan, D. & Gunstone, D. (2006). Values in mathematics and science education:
Researchers' and teachers' views on the similarities and differences. For the Learning of Mathematics, 26(1),
7-11.
Bishop, A. J. (2001). Educating student teachers about values in mathematics education. In F.-L. Lin & T. J.
Cooney (Eds.), Making sense of mathematics teacher education (pp. 233-246). Netherland: Kluwer
Academic Publishers.
Cai, J. & Garber, T. (2012). Teaching values and valued teaching in the mathematics classroom: toward a
research agenda. ZDM, 44(1), 91-97.
Clarkson, P., Bishop, A. J. & Seah, W. T. (2010). Mathematics Education and Student Values: The Cultivation
of Mathematical Wellbeing. In T. Lovat, R. Toomey, and N. Clement (Eds.), International Research
Handbook on Values Education and Student Wellbeing (pp. 111-135). Dordrecht: Springer.
Goldin, G. A. (2002). Beliefs, meta-affect, and mathematical belief structures. In G. C. Leder, E. Pehkonen, &
G. Torner (Eds.), Beliefs: A hidden variable in mathematics education? (pp. 59-72). Dordrecht: Kluwer.
Hannula (2002). Attitude towards mathematics: Emotions, expectations and values. Educational Studies in
Mathematics, 49, 25-46.
Mita, M. (1966). Theory of value orientation: Sociology of desire and morals. Tokyo: Kobundo (in Japanese).
Seah, W. T. (2016). Values in the mathematics classroom: Supporting cognitive and affective pedagogical ideas.
Pedagogical Research, 1(2), No.53.

125

A CASE STUDY OF MATHEMATICAL RESEARCH PRESENTATION IN A
PUBLIC JUNIOR HIGH SCHOOL；FOCUS ON THE RELATIONSHIP OF
ASSUMPTION OF OTHERS AND THE QUALITY OF LEARNING
Shinobu Tomoaki
Sakata First Junior High School, Yamagata, Japan
How do learning attitudes change when explaining knowledge to “unfamiliar others”? Based on this
awareness, this paper discusses a public mathematics research presentation held at a junior high
school, as well as a practical study conducted with the aim of verifying the aspect of learning activities
while making assumptions about “unfamiliar others”. I focused on Student B, who presented about
“Oil Dividing problem”, in which he tried to explain it in an easy-to-understand manner as if for "a
person with a lower mathematics level than himself”. This is the driving force behind Student B’s
deeper learning. In addition, I compare and classify the assumptions and learning attitudes of Students
A and B from the previous study, and I clarify their relationship to Student B. This paper states that
the difference in the learning attitude is caused by the assumptions made. Furthermore, I analyze the
results from situated learning perspectives and clarify the background of identity transformation.
INTRODUCTION
People are aware of others in various situations and change their behavior accordingly. In particular,
with the “communication” activity, we will seek the math skills and comprehension level of the other
party and try to explain accordingly. By understanding the approaches and viewpoints of others, a
multifaceted growth can be expected of the learner.
How does the consciousness and learning attitude to others change when the object to be explained is
“others who are not in front of you”? This paper outlines a mathematics research presentation held at
a junior high school, and a practical study conducted with the aim of verifying the quality of learning
activities assuming “unfamiliar others”. The research is based on an activity in which students freely
choose a theme, investigate it, and present the results. By making it open to the public, students are
expected to prepare presentations with consideration for the audience’s varied levels of understanding.
Moreover, because the audience consists of “unfamiliar others” and not teachers or classmates, it can
be expected to produce results different from normal classes.
I[2019] have conducted mathematics research presentations, and research focusing on the relationship
between the generation of assumptions about others and the deepening of learning. Analysis of the
learning activities of Student A who studied on the theme of “40 ° construction” revealed the following.
Student A deepened his learning through his preparation, and although there were inadequacies in his
understanding, he gained new knowledge, looked back on his learning many times, and understood it.
The reason for this was because the target of the research presentation was an audience who had no
prior knowledge, and it was necessary to prepare accordingly. As a result, it was clarified that the
attitude to reflect on his learning was strengthened. We also focused on assumptions about others.
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Student A assumed the audience knew advanced math and considered how to answer difficult
questions. On the other hand, the questions he prepared to answer were within his own ability level.
In other words, he was able to increase his self-reflective ability by considering potential questions
from “Advanced Mathematics”.
Conversely, not all students assumed the audience would be math experts. Some students assumed the
audience would have a lower math level. This caused potential differences in the learning posture and
the quality of learning.
Based on these achievements and issues, the three purposes of this paper are as follows: (1) Analyzing
the learning of students who assumed "persons with low math levels", (2) organize the relationship
between assumptions of others and learning attitudes, and (3) analyze the results from situated learning
(Lave ＆ Wenger [1991]) perspectives and clarify the background of identity transformation.
METHODLOGY
Hold a mathematics research presentation organized by a public junior high school, open to the public.
Recruit students to prepare research presentations. Practice as follows: (1) A mathematics research
class for third graders. (Early November 2018) Mathematics reports are created using books, the
Internet, etc. (2) A presentation preparation meeting will be held for those who wish to present
mathematics research. (Early December 2018) Set a time for further exploration of the presentation
after school. (2 weeks before the presentation, Tuesday to Friday, about 1 hour) Guidance will be given
on the first day, explaining the outline of the research presentation and points to be noted in the
presentation. In addition, a rehearsal will be held one week before the presentation, and the teacher
will provide feedback. (3) Hold a mathematics research presentation. (December 16, 2018) A 15minute presentation will be given to the general public. The theme of the presentation was “Tokyo
Olympic emblem research”, “How to fully power a town through solar power”, “On the magic square”
and so on.
This study will focus on Student B, who made a presentation titled “Oil Dividing problem”, discussing
how to take 5 liters of oil out of a barrel containing 10 liters using only 3 and 7 liter cups. (Yoshida,
M. “Jinkoki”[1977])

Figure 1: Oil Dividing problem and graph solutions
During practice, I observed and recorded Student B's research preparation. Later, I compared the video
of the rehearsal with the video of the public presentation, and verified Student B’s progress. A
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questionnaire was conducted one week before and on the day of the public presentation. The
questionnaire was also used as verification material. Furthermore, I compared the assumption
tendencies and learning attitudes of Students A and B in the previous study and clarified their
relationship. Furthermore, from the perspective of situated learning, I analyze changes in relationships
that accompany changes in the assumptions of others, changes in the legitimacy of the field and
changes in the student's identity.
FINDINGS
Student B's learning activities
Through this practice, Student B deepened his learning. Comparing rehearsal and final presentations,
Student B ’s final presentation changed into a logically organized state, with detailed explanations,
and demonstrating self-furthered learning. Progress was evident. In particular, the supplement of how
to read the graph had been carefully done. It was observed that during rehearsal the graph was only
traced, but in the final presentation, explanation of how to read the graph was made explicit, showing
a depth of understanding previously unseen.
At the rehearsal, the explanation of the solution started without explaining the issues, assumptions,
conditions, etc., and the presentation was lacking in the necessary information. In contrast, his final
presentation was easy to understand. This is because after the rehearsal he considered what the other
party may know and whether they could they understand the description.
In addition, note what Student B assumes of others. He was trying to explain in an easy to understand
manner with the idea of "an audience who are hearing about the problem for the first time", that is, "a
person with a lower mathematics level than himself on this subject”. In that time, for easy-tounderstand explanations, it is necessary to assume the audience will be confused. To that end, Student
B models his own learning process. Based on that, he creates an idea of others and evaluates and
improves his own explanation. Through this process, he began to look back on his own learning and
pursued the solution procedure and the meaning of the terms, deepening his learning. Assuming the
audience is at a relatively low math level, and trying to explain in an easy-to-understand manner was
the driving force behind the deeper learning.
The difference from a normal classroom is that the subject of explanation is not a student who has
learned the same content. Therefore, it is necessary to assume the difference between explainer and
listener. The result of this practice is that there is an activity that reflects and refines learning. This is
a characteristic of this practice.
On the day of research presentation, Student B was worried about whether the other party could
understand his explanation. In addition, he stated in the questionnaire that "I want to learn while
thinking how I can explain it to the listener in an easy-to-understand manner. " He was trying to make
use of the experience gained in this practice.
Classification of trends of assumption about others and quality of learning
There is a difference in the tendency of assumption and the learning attitude between Student A
mentioned in a previous study and Student B. This feature is classified as follows.
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Trends of assumption of others

Consideration for others Learning process

Advanced mathematics

To be able to answer
Refinement
difficult questions

Aaudience with a lower mathematics
Easy to understand
Conceptualization
level than himself on this subject
Table 1: Classification of trends of assumption about others and quality of learning
Awareness of research presentations helped students reflect on their learning, systematize, and explain
logically, and ultimately deepen their learning. On the other hand, the learning attitude has a tendency
that the learning posture becomes stricter or seeks clarification, depending on the assumptions of others.
Analysis by situated learning
Analyzing this practice from changes in relationships that accompany changes in the assumptions of
others, changes in the legitimacy of the field, can be understood as follows.

Figure 2: Changes in relationships and legitimacy of the field
At first, Student B was in a state of peripheral participation as a "research presenter." The legitimacy
of the field is also not clear. Next, the student's position changes to "a person who answers questions
from advanced mathematics " because it assumes advanced mathematics. Furthermore, by assuming a
beginner, the student becomes a "person who gives an easy-to-understand explanation." The
legitimacy of the field also becomes complicated. It can be considered that the change of identity has
occurred along with these changes.
CONCLUSION
By using the research presentation, students will make assumptions, changes their learning attitudes,
thus deepening their understanding. It was found that there are multiple assumptions and the learning
posture caused by them is different. This result can be regarded as a change in identity that
accompanies changes in relationships and legitimacy in the community. Although there are many
undeveloped and unexplained parts of mathematics learning that take advantage of the assumptions of
others and community, there are effective parts that provide valuable experiences to students. I would
like to continue my research for elucidation.
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Anxiety is a condition that students experience during their academic path. Several studies highlight
the importance of anxiety (state and trait) in school with the problem of failure and dropout rates
being central concerns for Higher Education Institutions. Various indicators show that Mathematics
is often seen as difficult and stressful, leading to anxiety situations, being Mathematics one of the
scientific fields with the highest degree of academic failure. This paper aims to increase knowledge
about Mathematics anxiety, in Higher Education. The research made use of internationally validated
protocols (sMars and STAI) that were applied to Higher Education students from Portuguese
institutions. The findings show that mathematical anxiety and negative attitudes toward mathematics
do not affect the performance of students from our sample.
INTRODUCTION
The area of Mathematics in Higher Education (HE) is one of the scientific areas with highest failure
rates. According to Engrácia and Baptista (2018), this academic failure is responsible for high dropout
rates along the students’ academic path and a central concern for HE institutions. To overcome the
problems associated with this, HE institutions have been developing strategic plans either for
improving the academic success of their students or for reducing and preventing dropout, especially at
the entrance and throughout the first year of studies. For most students, not only school education is
often judged as being unpleasant (Vollsted, 2009), but also causes a certain level of anxiety. This is
even more true for students who, experiencing higher levels of academic anxiety, generally see their
academic performance also affected (Owens et al., 2012). Anxiety to mathematics is not innate nor is
directly related to learning disorders (e.g., dyscalculia), or to injury disorders, (e.g., acalculia) (Carmo,
2011). Instead, and on the one hand, one of the main sources of anxiety caused by mathematics goes
back to the individual's school history that may involve marked negative experiences during the
learning of mathematics (Carmo, 2011). On the other hand, anxiety caused by mathematics is also
related either to many failures in mathematics’ curricular units, or, more generally, to personal
difficulties in dealing with assessment exams (Owens, et al., 2012).
SELF-CONCEPT, SELF-ESTEEM, AND SELF-EFFICACY
At the origin of anxiety to Mathematics, several dimensions of the self can be associated, namely selfconcept, self-esteem, and self-efficacy. The notion of self-concept can be defined as the individual's
perception of himself, his attitudes and opinions, comprising physical aspects, as well as academic and
social self-concept. This concept is closely linked to the notion of personal competence (Skaalvik, &
Bong, 2003) involving, not only assessments of intellectual capacity, but also specific skills and
competences that each student holds. As a general principle, students who believe they can (easily)
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pass their curricular units tend to score higher, and thus, greater self-esteem leads students to greater
motivation in the performance of their tasks (Zimmerman et al., 1992). There is broad evidence
showing that students' self-esteem in mathematics is responsible for the development of careers linked
to mathematics. Finally, self-efficacy refers to the belief or expectation that it is possible, through
personal effort, to successfully perform a certain task and achieve a desired result (Bandura, 1997).
Therefore, self-efficacy is also based on the notion of personal competence, as it is this notion that
allows subjects to estimate the possibility of successfully performing tasks and achieving the desired
results, leading them to form expectations for its realization and believing in their innate ability to
achieve goals. As the attitude towards Mathematics interferes with these concepts of the self, it strongly
influences students’ regulatory strategies of learning and, consequently, their academic achievement
METHODOLOGY
To help shape our analysis, a pilot study was carried involving a quantitative approach through the
application of a questionnaire survey to analyse students’ anxiety to mathematics. The questionnaire
has four parts: after a first one regarding student data, three questions about mathematical enjoyment,
self-confidence and motivation were presented. Then, the questionnaire integrates an adapted version
of the proposal of Núñez-Peña et al. (2013) to the Portuguese reality of the internationally validated
25-items Abbreviated Math Anxiety Rating Scale (sMARS - that values several dimensions of the
self). The last part of the questionary makes use of the State-Trait Anxiety Inventory (STAI) with a 4point Likert scale (Spielberger et al., 1983), including 20-items for measuring state STAI-S (associated
to one-off reactions, that is, a transient emotional state), plus 20-items for measuring trait STAI-T
(understood as a characteristic of the person that involves unpleasant feelings of tension and
apprehensive thoughts) anxiety. This questionnaire (paper and online) was administered at the
beginning of the academic year to undergraduate and postgraduate students from different Portuguese
institutions with mathematics in their curriculum. A statistical analysis was performed using Excel and
IBM Statistical Package for the Social Sciences (SPSS) version 26.
DATA ANALYSIS AND DISCUSSION
Students were given a different amount of questions spread over different topics: 16-item for
sociodemographic and academic variables, 3-item for attitudes toward mathematics, including a
question about enjoy, 25-item for sMARS, including the notion of self-concept and 40-item STAI,
including the STAI-S and the STAI-T
Sociodemographic and Academic Data
The study comprised 60 students, 25 from 1st cycle, 22 from 2nd cycle, 5 from 3rd cycle, and 8 from
other courses (e.g., vocational) during the 2019/2020 academic year, from five HE Portuguese
institutions. All participants gave informed consent before participating in the study; 17% of
respondents were men; 71.70% of the participants were between 17 and 24 years old. At secondary
school level, the students' mathematics background was diverse (from no mathematic frequency to
intense frequency). 41.70% of respondents considered themselves sufficient in the mathematics
curricular units; 68.30% saying they were quite assiduous.

131

Three Additional Items
The three additional questions about mathematical enjoyment, self-confidence and motivation were
presented on a 4-point Likert scale. We observed the students like mathematics a lot though they do
not seem very confident nor motivated. We use an independent samples t-test to compare the mean
mathematical enjoyment (Enjoy) for the major groups, Mathematics A (MA) and Mathematics
Applied to Social Sciences (MACS). The Levene test allows us to ascertain the homogeneity of the
variances. In this case, it is concluded that the variances are different in the two groups (MA and
MACS; nMA=35, nMACS=9), since the significance associated with the test is greater than 0.05 (MMA =
3,27; MMACS= 2,28). Since the homogeneity of the variances is not assumed, we chose to use the values
of the t-test accordingly. The sign of the mean difference corresponds to the sign of the t value. The
positive t value in this example indicates that the mean Enjoy for the first group, MA, is greater than
the mean for the second group, MACS. We reject the null hypothesis (p-value<0.05) and conclude
that the mean Enjoy for MA and MACS indicate that there are different. The test showed no
statistically significant differences for a 95% confidence interval.
sMARS and attitudes toward mathematics Data Analysis
The sMARS instrument measures math anxietyvaluing several dimensions of the self: personal;
academic and social self-concept; and the self-efficacy of Mathematics. Relating to Mathematics, a
significant relation between the final grade (at secondary) and the first grade at HE institution was
observed, with strong correlation (r = 0.98). The average mathematic grade at secondary was 16.85
(out of 20) and the first evaluation at mathematic (in HE) was 15.40. We use an independent sample
t-test to compare the mean sMARS for the major groups, MA and MACS. In this case, the Levene test
allows to conclude that the variances are homogeneous in the two groups (MA and MACS; nMA=35,
nMACS=9), since the significance associated with the test is less than 0.05 (MMA=2,81, MMACS=3,39).
Since the homogeneity of the variances is assumed, we chose to use the values of the t-test accordingly.
The sign of the mean difference corresponds to the sign of the t value. The negative t value in this
example indicates that the mean sMARS for the first group, MA, is significantly lower than the mean
for the second group, MACS. As the null hypothesis was not rejected (p-value >0.05), we conclude
that the that the mean sMARS for MA and MACS indicates that there are no significance differences
on means between these groups. The test showed no statistically significant differences for a 95%
confidence interval.
STAI Data Analysis
To analysis the STAI we use an independent samples t-test to compare the mean STAI for the major
groups, MA and MACS. In this case, the Levene test allows to conclude that the variances are
homogeneous in the two groups (MA and MACS; nMA=35, nMACS=9), since the significance associated
with the test is greater than 0.05 (MMA=35, MMACS=9). Since the homogeneity of the variances is
assumed, we chose to use the values of the t-test accordingly. The sign of the mean difference
corresponds to the sign of the t value. The positive t value in this example indicates that the mean STAI
for the first group, MA, is greater than the mean for the second group, MACS. The p-value is lower
than 0.05, we reject the null hypothesis, and conclude that the mean STAI for MA and MACS indicate
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that there are different. The test showed no statistically significant differences for a 95% confidence
interval.
CONCLUSION
This study demonstrates that mathematical anxiety and negative attitudes toward mathematics do not
affect the performance of students from our sample. It was observed that, on average, when students
achieve positive marks in the Mathematics exam to access HE they also tend to achieve a positive
mark in the last assessment test on mathematics, at HE. The sMARS protocol reveals lower anxiety
between students, but on mathematic test anxiety they reveal anxiety as opposed to the numerical task
anxiety and the mathematic course anxiety, with low anxiety. Students who have mathematic
frequency of MA show a higher level of enjoyment. The STAI-S revealed same anxiety at the moment,
while the STAI-T the students are sometimes anxious as a characteristic of the person. The present
study provides an instrument for measuring math anxiety that may be a useful tool for educators and
psychologists interested in identifying students that may have a low math achievement because of
anxiety.
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THE TRANSITION FROM SCHOOL TO UNIVERSITY MATHEMATICS:
WHICH ROLE DO STUDENTS INTEREST AND BELIEFS PLAY?
Sebastian Geisler
Ruhr University Bochum, Germany
High dropout rates in mathematics - especially during the first year at university - illustrate that the
transition from school to university mathematics is a challenging process for many students. In this
contribution, the role of students’ interest and beliefs for a successful transition is analyzed. The
results indicate that dynamic beliefs are related to interest in university mathematics while static
beliefs go hand in hand with interest in school mathematics. Furthermore, static beliefs are associated
with less achievement during the first term and dynamic beliefs correlate with students’ satisfaction.
INTRODUCTION
Students’ problems during the transition from school to university mathematics are revealed by high
dropout rates – especially during the first year at university (Chen, 2013). Furthermore, many students
fail their exams or do not even attend them. At Ruhr University Bochum, a large German University,
where this study took place, over 70% of the students who attended their first exam failed in 2017.
According to theories of person-environment-fit (e.g. Swanson & Fouad, 1999), a successful transition
from school to university is determined by the fit between students’ personal characteristic (e.g.
interest, knowledge, learning behavior) and the characteristics of the university (e.g. learning content,
study conditions). Two fit-dimensions have to be considered: 1) the fit between students’ knowledge
as well as their abilities and the demands of the university influence students’ achievement; 2) the fit
between students’ attitudes – especially their interest – and the characteristics of the university affect
students’ satisfaction with their studies. Both dimensions (achievement as well as satisfaction) are
necessary for a successful transition. Insufficient fit leads to a personal crisis and probably dropout.
In this contribution, I focus on two characteristics of the students: interest in mathematics and beliefs
concerning the nature of mathematics.
THEORETICAL BACKGROUND
Differences between Mathematics at School and University
An obstacle for a sufficient fit between students’ characteristics – especially their interest and beliefs
– and the characteristics of the university is the shift in the nature of mathematics during the transition.
Differences can be found with regard to typical tasks and the introduction of new concepts.
Typical tasks at German schools involve schematic calculations and the application of previous learned
content to solve real-world problems. At university, real-world problems are less important whereas
proofing tasks are very prevalent. At school, new concepts are often derived from experiences with
real-world objects and illustrated with many examples. In contrast, during traditional mathematics
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lectures, new concepts are introduced through formal definitions which are rather abstract and
independent from real-world objects. Both lectures – real analysis and linear algebra – which German
mathematics freshmen usually attend during their first-year, deal mainly with proof and formal
definitions (Witzke, 2015; Halverscheid & Pustelnik, 2013).
Interest and Beliefs
Personal interest is considered to be a rather stable relation between a person and an (abstract) object
(Krapp, 2007). Recent studies have produced inconsistent results concerning the influence of interest
in mathematics for a successful transition from school to university mathematics (c.f. Ufer, Rach &
Kosiol, 2017). Since the nature of mathematics changes during this transition, Ufer et al. (2017) have
hypothesized that a clear distinction between school and university mathematics is necessary when
dealing with interest during the transition. Indeed, students’ interest in university mathematics is
positively associated with their satisfaction, while interest in school mathematics goes ahead with less
satisfaction (Kosiol, Ufer & Rach, 2018).
Following Grigutsch and Törner (1998), I distinguish between rather static and dynamic beliefs
concerning the nature of mathematics. The static view is characterized by emphasis on rigorous
formalism and schematic calculations. The dynamic view highlights the process character of
mathematics. Mathematics is seen as a creative field of research with applications in other disciplines
and everyday life. Since beliefs develop over a longer time and are considered to be rather stable,
students can keep previously established beliefs that do not fit to the mathematics they encounter at
university. Daskalogianni and Simpson (2001) are talking about beliefs-overhang in this case. This
raises the question which beliefs fit to university mathematics. Dynamic beliefs are positively related
to general interest in mathematics (e.g. Liebendörfer & Schukajlow, 2017). However, it is yet unclear
which connections between beliefs and interest in school respectively university mathematics exist
and which beliefs are beneficial for a successful transition.
RESEARCH QUESTIONS AND METHODS
In order to understand the role of students’ interest and beliefs in the transition phase, the following
research questions are addressed:
1. Which connections exist between students’ beliefs concerning the nature of mathematics and
their interest in school and university mathematics?
2. In which way are students’ beliefs and interest related to their satisfaction and exam
achievement?
A questionnaire in the middle of the first term was used to assess students’ beliefs, interest and
satisfaction. The timing was chosen carefully since students cannot judge their interest in university
mathematics without any experiences in this field. The used instruments can be found in Table 1. All
items had to be answered on a five point likert scale, where 1 indicated totally disagree and 5 totally
agree.
105 freshmen enrolled in a teacher education or bachelor (pure mathematics) program participated
voluntarily in this study. The questionnaires were filled out during the real analysis lecture. 82 of these
students participated in the real analysis exam at the end of the first term.
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Construct
Beliefs: dynamic
Beliefs: static

Source
# Items
Laschke & Blömeke, 6
2013
Laschke & Blömeke, 5
2013

α
0.77
0.72

Interest: School

Ufer et al., 2017

5

0.82

Interest:
University

Ufer et al., 2017

5

0.8

Satisfaction

Schiefele & Jacob- 4
Ebbinghaus, 2006

0.79

Sample Item
Mathematics involves creativity and
new ideas.
Mathematics
means
learning,
remembering and applying.
In school, mathematics was very
important for me.
The kind of mathematics that is done
at university is fun for me.
All in all, I’m satisfied with my
studies of mathematics.

Table 1: Instruments with number of items, reliability (cronbach’s α) and sample items
RESULTS AND DISCUSSION
To address research question 1, bivariate correlations were used. The results can be found in table 2.
1 Beliefs: dynamic
2 Beliefs: static
3 Interest: School
4 Interest: University

1
-0.2*
-0.04
0.5**

2

3

0.2*
-0.23*

0.06

Table 2: Bivariate correlations between Beliefs and Interest; N=105; **p<0.01 *p<0.05
Dynamic beliefs go hand in hand with interest in university mathematics (r=0.5, p<0.01), while static
beliefs go ahead with less interest in university mathematics (r=-0,23, p<0.05). A possible explanation
might be that university mathematics deals with proofing processes. This fits to dynamic beliefs which
highlight the process character of mathematics. Static beliefs are positively correlated with interest in
school mathematics (r=0.2, p<0.05). A reason could be that schematic calculations, which fit to static
beliefs, are often used in school mathematics.
The relations between students’ interest as well as beliefs and their exam achievement respectively
satisfaction was analyzed using linear regressions. The results can be found in table 3.
Predictor
Beliefs: dynamic
Beliefs: static
Interest: School
Interest: University
R2

Exam Achievement
0.04
-0.39**
-0.14
0.26+
0.26

Satisfaction
0.21**
-0.04
-0.03
0.58***
0.5

Table 3: Results (beta-coefficients) of the linear regressions (method: inclusion) with depend
variables Exam Achievement and Satisfaction; N=83/105; ***p<0.001 **p<0.01 +p<0.1
The results show that static beliefs are a negative predictor of students’ exam achievement (β=-0,39,
p<0.01), while interest in university mathematics is weakly related with achievement (β=0.26, p<0.1).
No relation between achievement and dynamic beliefs or interest in school mathematics is found.
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However, dynamic beliefs go hand in hand with more satisfaction (β=0.21, p<0.05), so does interest
in university mathematics (β=0.58, p<0.001).
It seems that dynamic beliefs are more beneficial for a successful transition than static ones. This could
be an indicator that dynamic beliefs fit better to the mathematics that students experience at university.
Therefore, keeping ones’ static beliefs can be seen as a form of beliefs-overhang (in the sense of
Daskalogianni and Simpson, 2001). Besides, it is not surprising that interest in university mathematics
is important for a successful transition from school to university mathematics.
In order to support students during the transition, lecturers should foster students interest in university
mathematics and their dynamic beliefs. The way in which mathematics is presented during lectures
could be reconsidered. Short proofs could be developed together with the students during lectures to
stress the process character of mathematics. Moreover, students should be informed about major
differences between mathematics at school and university before enrolling in a mathematics program.
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This research aimed to explore 11th grade students’ attitude towards mathematics. The target group
was 105 eleventh-grade students in the 1st semester of 2019 academic years. The data was collected
by using the Suken test level 3 and students’ interview record form. Data were analyzed by using
framework of attitude towards mathematics. The research results were as follows: 1) Most students
felt that the content of problems in part one was at a medium level (68.57%) and easy level (21.90%).
At the same time, the content of problems was at a medium in part two (51.43%) and then it was at a
hard level (45.71%) respectively. 2) Most students like a problem of statistics the most (61.90%) and
next, it was about probability (25.71%). 3) Most 11th grade students love mathematics (53.33%) and
4) The main objective of their examination was they want to know their math abilities (41.90%).
Keywords: Attitude Towards Mathematics, SUKEN test

INTRODUCTION
Nowadays, Mathematics is one of the unpopular subject in Thailand. Most students do not like
mathematics. Moreover, it is not just a subject for testing but it can teach students to have a logical
thinking, imagination, art and esthetic of math (Sumonta Promboon, 2019). The important factors for
teaching of mathematics following Mcleod (1992) are Beliefs, Attitudes, and Emotions. All of these
are boundary in the scope of mathematics education. If students are developed positive beliefs and
attitudes towards mathematics by teacher, students can control their emotions. Furthermore, If
student’s emotional response are be improved, Math class will become a point of attraction for
schooling (Mcleod & Ortega, 1993). Therefore, teachers should pay more attention to promoting
positive attitudes (Ma & Kishor, 1997).
Attitudes cannot be separated from learning because students have been through the process of
self-learning (Akinsola & Olowojaiye, 2008). Thus, attitude is an important factor that lead to student’s
learning. There are many educator and researcher that defined attitude towards mathematics. Those are
Mandler (1989), Mcleod (1992) and Hannula (2002). They are described attitude towards mathematics
in the form of feeling assessments towards mathematics due to emotions, expectations and values.
Moreover, SHIMIZU was translated by Inprasitha (2019) is classified about attitude towards
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mathematics which are two different evaluation processes as follows: 1) Students’ feeling towards
mathematics and 2) Applying mathematical knowledge.
Besides, there are many research about attitude towards mathematics. For example, Mata,
Monterio and Peixoto (2012) was used the questionnaire and interviews for exploring. And about the
same Zan & Di Martino (2007) and Charoen Rakakaew (2008) were surveyed students’ attitude
towards mathematics by using the questionnaire and interviews. As mentioned, most educators and
researchers were explored attitude towards mathematics by using the questionnaire and interviews.
After that, it was found that the questionnaire had a limit. Those are respondents may not intend to
answer or give importance to real data. Therefore, a better suited tool for measurement of the affective
domain is a test. It is a collection of questions or situations for using as a stimulus for people to express
their feelings (Jittirat Saengloetuthai, 2015). A test that can apply knowledge in the real world and also
respond to essential skills for the 21st century, which is a necessary (Maitree Inprasitha, 2017).
Moreover, the test is also an implement that promote affective aspect, which is call “Suken or
Sugaku Kentai” (Maitree Inprasitha, 2017). It was developed for over 30 years in Japan by the expert
who have knowledge about content and curriculum, including applying knowledge in the real world
(Maitree Inprasitha, 2017; SHIMIZU, 2019). The Mathematics Certification Institute of Japan is
devoted to improving the test in many ways, to spark an interest in people’s lives for mathematics, and
to aid them in further improving their math abilities (SHIMIZU, 1999, 2019). Next, The Mathematics
Certification Institute of Japan and Thailand collaborated to develop how to make people become more
interested and focused on mathematics (Maitree Inprasitha, 2017). The two countries have collaborated
to take math problems for using in the Suken test. However, they want to examiner have more great
aspect to mathematics. For example, Maths are enjoyment, interestedness, challenge, value and also
apply in your own daily life. Therefore, Suken test is the one of implement that promote people,
whoever interests and gets the point of mathematics even more. (Maitree Inprasitha, 2017; SHIMIZU,
2019).
THEORETICAL FRAMEWORK
The conceptual framework of SHIMIZU was translated by Inprasitha (2019) that we used for
classifying about “Attitude Towards Mathematics”. There are two different evaluation processes as
follows: 1) Students’ feeling towards mathematics. It is the feeling that occurs after taking the Suken
test by themselves. It appears in the questionnaire of Suken test as follows: 1.1) Feeling like or dislike
mathematics 1.2) The content of problem is hard/medium/easy 1.3) Which problem do you like or
enjoy? And 2) Applying mathematical knowledge. It is the feeling that occurs after doing the Suken
test by themselves. It appears in the questionnaire of Suken test and student’s interview record form.
DATA ANALYSIS
The researcher would like to present the information of 11th grade students’ attitude towards
mathematics. The reason of studying quantitative data, in order to give people who are unfamiliar with
the questionnaire response after doing the Suken test. By the way, everyone can get many perspectives
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of 105 eleventh-grade students’ attitude towards mathematics, Demonstration of School Khon Kaen
University (Secondary Division). The research results were as follows:
Lists
1) How is the content of problems?
1.1 hard
1.2 medium
1.3 easy

Number of people
10
72
23

Response Rate
9.52
68.57
21.90

Table 1: The result from the analysis of 105 eleventh-grade students’ attitude towards mathematics. In
process 1) Students’ feeling towards mathematics from questionnaires’ Suken level 3 response (Part 1)
Lists
2) The purpose of examination
2.1 would like to know your own ability
2.2 apply to further study
2.3 want a certificate
2.4 feeling like and enjoy
2.5 want to develop math abilities
2.6 suggest by teacher/friend
2.7 other

Number of people

Response Rate

44
1
2
4
8
31
15

41.90
0.95
1.90
3.81
7.62
29.52
14.29

Table 2: The result from the analysis of 105 eleventh-grade students’ attitude towards mathematics.
In process 2) Applying mathematical knowledge from questionnaires’ Suken level 3 response (Part1)
Lists
Number of people
1) Do you like Mathematics?
1.1 like
56
1.2 dislike
49
2) How is the content of problems?
2.1 hard
48
2.2 medium
54
2.3 easy
3
3) Which problem do you like or enjoy?
You can choose 2 items from [1] to [6]
65
3.1 item [1] statistics
3.2 item [2] three-dimensional shape, floor
25
area ratio
3.3 item [3] basic of probability
27
3.4 item [4] basic of geometry
18
3.5 item [5] linear function
17
3.6 item [6] triangle properties
13

Response Rate
53.33
46.67
45.71
51.43
2.86

61.90
23.81
25.71
17.14
16.19
12.38

Table 3: The result from the analysis of 105 eleventh-grade students’ attitude towards mathematics. In
process 1) Students’ feeling towards mathematics from questionnaires’ Suken level 3 response (Part 2)
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CONCLUSION
From a survey 11th grade students’ attitude towards mathematics, research results were as
follows: 1) Most students were felt that the content of problems in part one was at a moderate level
(68.57%) after that it was at an easy level (21.90%). At the same time, the content of problems was at
a middle in part two (51.43%) and then it was at a hard level (45.71%). 2) Most students like problem
of statistics the most (61.90%) and next, it was about probability (25.71%). 3) Most 11th grade students
love mathematics (53.33%) and 4) The main objective of their examination was they want to know
their own mathematical ability (41.90%).
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This study highlights high school students’ images, anxieties, and attitudes toward mathematics. An
Images-Anxieties-Attitudes scale (IAA-scale) was constructed and used to conduct a survey with 208
grade-ten students of 6 randomly selected high schools in Kathmandu, Nepal. The survey data was
analyzed in SPSS-IBM26-New User Interface for correlations of images, anxieties, and attitudes
toward mathematics, Mann-Whitney U test, and network of sub-constructs. It was found that a
majority of sampled students had a weak image of mathematics with high anxiety, but a positive
attitude toward mathematics. There was a moderate correlation (r=0.598) between students’ images
and anxieties, images and attitudes (r=0.631), but a strong correlation (r=0.736) between anxiety
and attitudes toward mathematics. There was no statistically significant difference between students’
images, anxieties, and attitudes toward mathematics at 0.05 significance level with gender, but their
anxieties and attitudes were significantly different with school types (private and public).
INTRODUCTION
There is a growing interest in the psychology of mathematics learning, especially in the areas of
images of mathematics held by students, their anxieties and attitudes toward mathematics. There are
a number of studies focusing students’ images of mathematics (Jankvist, 2015; Sam, 1999),
mathematics anxieties (Ma & Kishor, 1997), and attitudes toward mathematics (Niepel, Burrus,
Greiff, Lipnevich, Brenneman, & Roberts, 2018). These studies interrelated students’ anxieties and
attitudes toward mathematics to their achievement (Ma & Kishor, 1997). The positive or negative
attitudes are developed with different images of mathematics held by the students based on their like
or dislike and mathematical experience at school (Sam, 1999). Past studies highlighted the
importance of these affective variables in shaping students’ interest, motivation, self-esteem, and
perseverance to learn mathematics at school and college. However, most of these studies focused
images, anxieties, and attitudes toward mathematics and their relation to students’ performance or
further education separately, but not in an integrated way to establish their relationship (Belbase,
2013). This study aimed to fill a gap in the literature on students’ images, anxieties, and attitudes
toward mathematics integrated. The research question for this study was: What is the
interrelationship between images, anxieties and attitudes toward mathematics? To complement this
research question, two null hypotheses were formulated: (1) There is no significant difference
between images, anxieties, and attitudes of private and public school students; and (2) There is no
significant difference between images, anxieties, and attitudes toward mathematics of boys and girls.
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METHOD OF STUDY
This quantitative survey used an Images-Anxieties-Attitudes (IAA) scale with 96 items (32 items for
each domain) in a five-point Likert items (strongly disagree, disagree, neutral, agree and strongly
agree) constructed by the researcher. The researcher first chose one direction (west) out of four
directions from the center of Kathmandu. Then, he randomly selected three private and three public
high schools in the west region of the city. He administered the survey with 208 grade-ten students
altogether, in which 132 students (74 males and 58 females) were from private and 76 students (36
males and 40 females) were from public schools. The survey results were tabulated in Excel
Spreadsheet by scoring the responses in nominal scale 1 through 5 for strongly disagree to strongly
agree in the Likert items, respectively. The data was analyzed in SPSS-IBM26-New User Interface
for correlation of images, anxieties, and attitudes toward mathematics; non-parametric independent
samples Mann-Whitney U test for hypothesis tests, Q-Q plot for normality, and a graphical network
model of images, anxieties, and attitudes toward mathematics. The reliability coefficients for the
IAA scale was tested by Cronbach’s alpha values. The reliability coefficient for the images of
mathematics was 0.770 (with dropping off 10 items out of 32), mathematics anxiety was 0.915 (with
dropping off 5 items out of 32) and attitudes toward mathematics was 0.874 (with dropping off 7
items out of 32) and overall reliability coefficient was 0.942 for 74 items (with dropping off 22 items
out of 96). A reliability coefficient of 0.700 or higher is considered acceptable.
RESULTS AND DISCUSSION
The results of the Pearson correlation analysis indicated that there were medium correlations between
images with mathematical anxiety (r = 0.598), and images and attitudes toward mathematics (r =
0.631). However, the correlation between the anxieties and attitudes toward mathematics was strong
(r = 0.736) (Fig. 1a). A network of relationship mapping for dualities of images (weak & strong),
anxieties (low & high) and attitudes (positive & negative) has been demonstrated in Figure 1b.
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In Figure 1b, the size of nodes and thickness of curves represent the number of students in the
sub-categories of images, anxieties and attitudes toward mathematics and their interconnections. This
network model was envisaged by Belbase (2013) as a basis to relate the dual sub-constructs of
images, anxieties, and attitudes by connecting the nodes with the curved lines showing their strengths
with numbers, with a higher number along the curves meant a greater number of students had those
interconnections. The size of bigger circular color discs indicated dominant sub-constructs. It showed
that the greatest number of students had weaker image of mathematics (by 137 students, 66%) and
high anxiety (by 125 students, 60%) although many of them (134 students, 64%) had a positive
attitude towards mathematics (Fig. 1b). Among the 66% students with weak images of mathematics,
73% of them had high anxiety, 49% had positive and 51% had attitude toward mathematics.
The results of hypothesis test by Mann-Whitney U Test confirmed that there was no statistically
significant difference between boys and girls in terms of their images, anxieties and attitudes toward
mathematics at 0.05 level of asymptotic significance (Table 1). However, the difference in anxieties
and attitudes toward mathematics were significant across private and public school students although
their images toward mathematics was not significantly different across the school type.
Table 1. Non-parametric Independent-Samples Mann-Whitney U Test (Sig. at 𝞪 = 0.050)
S.No. Null Hypothesis

Sig.

Decision on null hypothesis

1

The distribution of Images is the same across school types.

0.304 Retain the null hypothesis.

2

The distribution of Anxieties is the same across school type.

0.040 Reject the null hypothesis.

3

The distribution of Attitudes is the same across school type.. 0.003 Reject the null hypothesis.

4

The distribution of Images is the same across gender.

0.276 Retain the null hypothesis.

5

The distribution of Images is the same across gender.

0.662 Retain the null hypothesis.

6

The distribution of Images is the same across gender.

0.414 Retain the null hypothesis.

The results of the null hypothesis tests for gender differences associated with mathematics anxiety
contradicted with the past studies, for example, Keshavarzi & Ahmadi (2013) reported that girls had
a significantly higher level of math anxiety than boys. Prior to this study, there is almost no
discussion on the students’ images of mathematics in terms of weak and strong images. Rather, most
of these studies interpreted metaphoric images, such as mathematics as a scientific discipline
(Jankvist, 2015) or mathematics as an absolute or fallible knowledge (Ernest, 1991). Likewise,
students’ attitudes have been analyzed in the literature in terms of positive or negative (Ma & Kishor,
1997) or in relation to students’ norm, control, intention and grade (Niepel et al., 2018).
The quantile-quantile normal plots (Q-Q plots) of observed (empirical) and expected (theoretical)
values of images, anxieties, and attitudes towards mathematics showed linear patterns suggesting
normal distributions as most of the dots, except a few, are aligned on or around the straight reference
lines (Fig. 2) (Almeida, Loy & Hofmann, 2018). This indicated the normality of the three constructs.
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CONCLUSION
There were moderate correlations between images and anxieties, and images and attitudes, but a
strong correlation between anxieties and attitudes. This result indicated that an impact on one of
these constructs may influence the other. Therefore, mathematics teaching should have a positive
image of mathematics so that it may reduce the students’ anxiety to the subject. There was no
significant difference in the students’ images, anxieties, and attitudes between boys and girls. The
difference was significant across school type with respect to anxieties and attitudes, but not the
images of mathematics. This result showed a difference between private and public school students
in Nepal. It can be concluded that a majority of Nepali highschool students have a positive attitude
toward mathematics despite their weak image and high math anxiety level. The study results had a
limitation of only 6 schools and 208 students with a limited scope of generalizability.
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