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Abstract

The large number of statistical data present in everyday life makes statistical reasoning an absolute ability
possessed by students. Meanwhile, the statistical reasoning is influenced by various cognitive and non-cognitive
factors. This study emphasizes the influence of non-cognitive factors, which are the statistical anxiety. The
purpose of this study is to describe the statistical anxiety of pre-service mathematics teacher and the influence of
statistical anxiety on statistical reasoning. This research method is a mixed-method with sample of 33 pre-service
teachers who are taking basic statistics courses. The instrument used in this study is a statistical anxiety
questionnaire developed by Earp (2007) and a statistical reasoning test developed by Chan et al (2016). The
result showed that the statistical anxiety of pre-service mathematics teachers was in the moderate level on the
aspects of taking the courses, studying and practicing; and was in the higher level on the aspect of the
examination. Statistical anxiety levels on every aspect are equally good for both men and women. Statistical
anxiety does not directly affect the ability of statistical reasoning and it can only impair 0.1% of the statistical
reasoning ability. On reasoning indicators and statistical anxiety indicators, there are relevant results between the
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statistical anxiety experienced by the pre-service teachers on the indicator for developing conclusions based on
mathematical solutions, explaining statistical findings, and interpreting statistics with indicators on statistical
reasoning; they areanalyzing and interpreting data.

Keywords: Statistical anxiety. Statistical reasoning. Cognitive factor. Non-cognitive factor

Resumen

La gran cantidad de datos estadisticos que se presentan en la vida cotidiana hace que el razonamiento estadistico
sea una habilidad absoluta que poseen los estudiantes. Mientras tanto, el razonamiento estadistico esta
influenciado por diversos factores, tanto cognitivos como no-cognitivos. Este estudio enfatiza la influencia de los
factores no-cognitivos, que es la ansiedad estadistica. El propdsito de este estudio es describir la ansiedad
estadistica del profesor de matematicas (que tenga una formacion inicial que le permita ingresar en la profesion
docente) bajo la influencia de la ansiedad estadistica en el razonamiento estadistico. En esta investigacién se
utiliza el método mixto, con una muestra de 33 maestros con formacidn inicial, participantes de una conferencia
de estadistica basica. El instrumento utilizado en este estudio es un cuestionario de ansiedad estadistica
desarrollado por Earp (2007), y una prueba de razonamiento estadistica desarrollada por Chan et al (2016) El
resultado mostr6 que la ansiedad estadistica de estos profesores de matematicas estaba en el nivel moderado
sobre los aspectos de participar de los cursos, estudiar y practicar, y estaba en el nivel superior en el aspecto del
examen. Los niveles de ansiedad estadistica, en todos los aspectos,permanecen iguales tanto para hombres como
para mujeres. La ansiedad estadistica no afecta directamente la capacidad del razonamiento estadistico, la
ansiedad estadistica puede predecir en un 0,1% de la capacidad del razonamiento estadistico. En los indicadores
de razonamiento y los indicadores de ansiedad estadistica, hay resultados relevantes entre la ansiedad estadistica
experimentada por los docentes estudiados, sobre el indicador relativo a desarrollar conclusiones basadas en
soluciones matematicas, explicar hallazgos estadisticos e interpretar estadisticas con indicadores de
razonamiento estadistico; estan analizando e interpretando dados.

Palabras clave: Ansiedad estadistica. Razonamiento estadistico. Factor cognitivo. Factor no-cognitivo.

1 Background

Statistics can be viewed as a tool to solve problems that always occur in everyday life,
at work, and in science (MOORE, 1997). NCTM (2005) and Watson; Callingham (2003)
stated that currently there are many statistical data in daily life such as the number of
participants in debates or community actions, phenomena such as crime rate, population
growth, disease spread, production numbers, educational attainment, job trends, etc. To
understand the statistical data, it is required the statistical reasoning ability
(KARATOPRAK;AKAR; BORKAN, 2015; AGUS; PENNA; CEBOLLERO; OLMOS;
PESSA, 2014). Statistical reasoning is defined as a way of reasoning with statistical ideas and
understanding statistical information (GAL; GARFIELD, 1997). Lovett (2001) interprets
statistical reasoning as in using statistical tools and concepts to make summaries, predictions,
and draw conclusions from data. This is in line with Ben-Zvi; Garfield (2004) who stated that
statistical reasoning is a way of thinking by using statistical information. While Del Mas
(2002) argued that statistical reasoning is the ability to explain why and how to generate the

results and why and how to draw conclusions.
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Rumsey(2002) stated that the goal of statistical learning is that students understand
statistics well in order to get information from the existing data, criticize and make decisions
based on that information and aim to develop research skills. Garfield; Ben-Zvi (2005) stated
that the statistics course has also become a requirement for completing courses in various
fields of study.

However, some studies show that students from elementary to university levels face
difficulties in learning statistics (CHAN; ISMAIL; SUMINTONO, 2015). The difficulty
occurs because the students do not know the concepts, the interrelationships between concepts
and how to apply the concept in real problems (JIN; KIM; MCGHAKEE; REISER, 2011,
CHIESI; PRIMI, 2010). As a result, it is assumed that statistics courses are difficult subjects
that can prevent them from completing their studies (GAL; GINSBURG IN JIN; KIM;
MCGHAKEE; REISER, 2011). Perceptions of statistics as a difficult course also occur at the
place where researchers are working. Moreover, in the last few years there has been a shift in
learning objectives that emphasized on procedural understanding to emphasize more on
understanding the concept and developing thestatistical reasoning (JIN; KIM;MCGHEE;
REISER, 2011; TUREGUN, 2014; IDRIS; YANG, 2015; CHAN; ISMAIL; SUMINTONO,
2015; KALOBO, 2016). The shift in the purpose of statistical learning is done to overcome
the problems that occur in statistical learning.

Rosidah (2016) said teachers need to use the stage of statistical reasoning so that
students can be trained in statistical reasoning as early as possible. Statistical reasoning is an
important cognitive skill to master and it is related to students' content knowledge. Several
studies have shown that teaching of statistical reasoning can affect student achievement
(ZURAIDA et al., 2012; TEMPELAR; VAN DER LOEFF; GIJLSELAERS, 2007). The pre-
service mathematics teachers must possess qualified statistical reasoning abilities
(GARFIELD, 2002), so they can pass on their knowledge to their students
(KARATOPRAK;AKAR; BORKAN, 2015).

Studies have shown that the results of statistical learning are directly influenced by
various cognitive and non-cognitive factors (TREMBLAY; GARDNER; HEIPEL, 2000;
NASSER, 2004; CHIESI; PRIMI, 2010; LAI; TANNER; STEVENS, 2011; KHENG; IDRIS;
MOHAMED; LYN, 2016; KHENG; AZLAN; AHMAD; LEONG; MOHAMED, 2016). The
cognitive factor is the background of mathematical ability, while the non-cognitive factors are
attitudes toward statistics and anxiety (CHIESI; PRIMI, 2015). Some studies suggest that
anxiety is a major factor predicting statistical achievement (FITZGERALD; JURS;
HUDSON IN CHIESI; PRIMI; CARMONA, 2011; LAI; TANER; STEVENS, 2011), while
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others suggest that anxiety has indirect effects, as anxiety may be attenuated or mediated by
other individual characteristics, such as mathematical ability, self-efficacy, or attitude
(CHIESI; PRIMI, 2010; ONWUEGBUZIE; WILSON, 2003; TREMBLAY; GARDNER;
HEIPEL, 2000).

Statistical anxiety is defined as the anxiety that arises when taking a statistical course
or while working on statistical analysis that includes data collection, processing, and
interpretation (CRUISE; CASH; BOLTON, 1985). Statistical anxiety is a state in which a
person experiences strong fears, dislikes, mental disorders, tensions, and mental emotions
when dealing with concepts, problems, learning, and statistical evaluation (ZIDNER, 1991).
Onwuegbuzie and Wilson (2003) defined statistical anxiety as the fear that occurs when a
student takes statistics in any form and at any level. Statistical anxiety occurs when one is
studying statistical concepts and requirements and also its application in a specific context
(LAVASANI; WEISANI; SHARIATI, 2013). Thus, statistical anxiety is a feeling of worry,
tension and fear when students learn, take, and apply statistics.

Several studies have examined the impact of statistical anxiety. Statistical anxiety
besides providing impact on statistical learning outcomes also has an impact on overall
learning outcomes (WILLIAMS, 2010). Onwuegbuzie; DaRos; Ryan (1997) states that that
statistical anxiety is related to mathematical anxiety. Statistical anxiety felt by a math
prospective teacher will have an impact on learning self-confidence. Like the prospective
teacher who experience math anxiety andmay affect his or her teaching confidence(BRADY;
BOWD, 2005)

This study will examine whether pre-service mathematics teacher have statistical
anxiety and how the statistical anxiety influences the ability of statistical reasoning. The
subjects are pre-service mathematics teachers in one of the universities in West Java. This
research is important because pre-service mathematics teacher private universities did not go
through the screening process as strict as the students who go to a State University. On this
research, we will obtain the statistical anxiety descriptions and its influence on the statistical

reasoning on pre-service mathematics teachers.

2 Research Method

The method used in this research is a mixed-method research. The study was

conducted in one class of 33 people of 3rd semester students who attended the basic statistics

course. There were 10 men and 23 women. The sample selection was done considering the
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material taught in basic statistics courses and emphasized more on the matters which may be
used by the students as the provision for teaching either at junior high school or senior high
school.

The data collection technique done in this research consisted of two stages: acquiring
quantitative data with the statistical reasoning test and statistical anxiety questionnaire, after
that, the observation and interview were done to explore the result in the quantitative stage.
The instrument used to collect data is a matter of statistical reasoning test adopted from the
instrument developed by Chan et al.(CHAN; ISMAIL; SUMINTONO, 2016) The adoption
process carried out on reasoning instruments is to adjust the material to be examined with
statistical reasoning indicators that have been developed by Chan et al. (CHAN; ISMAIL;
SUMINTONO, 2016) (The questionnaire instrument of statistical anxiety was adopted from
an instrument developed by Earp. The anxiety factors found in Earp's study were sorted into
three conditions, namely when taking courses, while studying (learning and training) and
when examining.

The results of statistical reasoning and anxiety tests were analyzed using statistical
regression tests to determine the relationship between statistical anxiety and statistical
reasoning. These results were explored with the help of interviews and observations.
Interviews were only conducted on 6 students with criteria determined by the researchers
based on the results of statistical reasoning tests and statistical anxiety questionnaire.

Observations were done during basic statistical learning and during statistical reasoning tests.

3 Results

The statistical anxiety analysis result, which wasapplied to 33 students,is presented in
the following table.

Tablel-The Score and Classification of Statistical Anxiety on Pre-service Mathematics
Teacher

Statistical Anxiety

Learn and
Taking the course practice Exams Total
leve leve leve
Gender x % I x % Il x % level x % I
52, 77, 51,2
Men 2,7 3375 M 147 5 M 31 5 H 20,5 5 M
50, 72, 21,3 53,2

Women 35 4402 M 10,7 3 M 29 8 H 0 6 M

X : mean, M : moderate, H : high
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Source: research data.

Table 1 showed that overall statistical anxiety of pre-service mathematics teacher is at
a moderate level in both men and women. If we look carefully at table 1, it shows that the
anxiety characteristics in both men and women are similar. This is consistent with research
conducted by Baloglu (2003), Cruise and Wilkins (in BALOGLU; DENIZ; KESICI,
2011)and Eduljee dan LeBourdais (2015) where they cannot find a significant difference
between men and women with statistical anxiety.

Looking at each activity, students' statistical anxiety on taking courses and learning
and practicing are at moderate level. It is also reinforced by interviews and observations
during learning, where students feel comfortable during statistical learning. They can
understand and do the exercises with the guidance of courses. When taking a course, students
do not feel anxious because they are ready with their chosen course of study. It's just that they
feel very anxious when the date of the exam is announced. Sometimes, before the exam, the
tension will be very visible in between the students, with them usually asking about the
learning materials, especially on result interpretation. Therefore, anxiety at an exam activity is
at a high level. The reason for their anxiety is because they are afraid of not being able to
answer the questions and get a low score. If you look at the observation results, here is where
students feel tense when they are about to face exams and have to prepare better for the exam,
this means statistical anxiety becomes the motivation for students to learn. This is consistent
with Thorndike's view of stimulus-response, i.e. the consequence of a particular behavior will
play a very important role in subsequent behavior (SLAVIN, 2006). In this case, anxiety is
manifested as a reaction to learning cues that statistics as a subject is one of the hardest
courses and only smart people can do well. Students with higher level intelligence criteria are
even more prepared for the exam.

When viewed on the average of each activity there is a mean difference. In the activity
of taking courses, women have higher levels of anxiety than men. Based on interviews,
women feel worried because they feel that their mathematical abilities are lacking and have
low self-efficacy. While men assume that they have high confidence that they can master
statistics due to having reasoning skills. This is in line with Mills's opinion (in EDULJEE;
LEBOURDAIS, 2015), namely men feel more confident in mastering statistics, are not afraid
of statistics and can learn statistics.On the other hand,in learning activities and training as well
as in the exam activities men have a higher level of statistical anxiety than women. The results
of this study are not in line with the results of the research by Eduljee and LeBourdais (2015)
which state that the statistical anxiety level in women is higher than in men during
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examinations and learning. But they are in line with the results of Mandap's study (2016)
where men have high levels of statistical anxiety compared to women. Researchers suspect
that socio-cultural factors are one of the factors that influence statistical anxiety, since the
research conducted by Eduljee and Lebourdais was conducted in the United States and the
research conducted by Mandap was in the Philippines. In learning and training activities,
women work harder than men. Women record every explanation and completion step in each
given exercise. When experiencing difficulties, women do not hesitate to ask the teacher. This
is different from men who feel confident of being able to master statistics so that they pay less
attention and are reluctant to ask question when experiencing difficulties. This is in
accordance with traditional masculine norms because men feel strong and free, so they are
reluctant to ask for academic assistance (WINER IN MANDAP, 2016).The impact is a lack of
learning and training, so that men feel high statistical anxiety during the exam.
In this study, we will analyze the relationship between statistical anxiety with statistical

reasoning. The analysis was performed using simple linear regression with the help of SPSS.

The results of the analysis are presented in Figure 1.

Model Summary

Mode Adjusted R Std. Error of
| R R Sguare Square the Estimate
1 0262 001 -032 21.88603
a. Predictors: (Constant), SA
AHOVA®
Surm of
Wocde] Snguares df Mean Sguare F Sig.
1 Regression 9,959 1 9.959 021 .8EE®
Residual 14848.951 il 478.998
Total 14858509 32
a. Predictors: {(Constant), SA
h. Dependent Variable: SR
Coefficients”
Standardized
Unstandardized Coefiicients Coeflicients
Model B Stil. Error Beta t Sig.
1 (Constant) 42 363 13175 3215 003
SA 087 601 026 144 LBAE

a. Dependent Wariable: SR

Picturel.The Output of the data analysis with SPSS
Source: research data.

The sig value in the table coefficients is equal to 0,886, mean sig. greater than 0.05, so
it can be concluded that statistical anxiety does not directly affect the ability of statistical
reasoning. The value of R square in the summary model table shows the value of 0.001. This

means that statistical anxiety only affects 0.1% of the ability of statistical reasoning while the
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rest is influenced by other factors both cognitive factors and non-cognitive factors. The results
of this study are consistent with the results of Chiesi; Primi's research (2010), Onwuegbuzie;
Wilson (2003), and Tremblay; Gardner; Heipel (2000) which suggested that anxiety effects
may be attenuated or mediated by other individual characteristics, such as mathematical
ability, self-efficacy, or attitude.

Interviews showed that students did not feel tense when learning, but some admitted
that they were confused by the reasoning tests given. Given problems of statistical reasoning
have indicators: 1) describing data; 2) organizing and reducing data; 3) representing data; 4)
analyzing and interpreting data. One of the questions of statistical reasoning given can be seen
below.

Observe the table and graph below!

No | Interval | Frequency

1 20-30 |5 w7

2 31-41 |7 w0

3 [42-52 |12 o

4 [53-63 |9 o e
5 64-74 |5 2

6 75 — 85 2 ’ T)2{1—3[}‘31—41 ‘42—52 ‘53—63 ‘54—74 ‘75—35

a. Do tables and graphs represent the same data? Please, explain!
b. Among the two data presentations above, which one is more easily understood?
Please, explain!
c. From the graph above, looking at its slope, what kind of curves does it have? Please,
explain!
d. Please specify the range of the table above! Please, explain!
e. Determine the data number and length of classes.
Problems a) and b) are questions with indicators representing data, problem c) is a question
with an indicator analyzing and interpreting data, question d) is a question with an indicator
organizing and reducing data, and problem e) is a question with an indicator describing data.
In general, students admitted difficulty when working on this problem; they cannot explain
exactly what is being asked. They focused more on calculations, procedures and graphics, so
when they were given this kind of problem as above, they faced difficulty. For questions on
problem e), they preferred to work by counting them and not by interpreting the data
presented in the table. This is consistent with some evidence to suggest that pre-service
mathematics teacher have higher competencies on how to read graphs (GONZALES:;
ESPINEL; AINLEY, 2011) and calculate sizes(JACOBBE; CARVALHO, 2011; SANCHEZ;

SILVA; CAUTNHO, 2011).
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The difficulties they encounter in performing statistical reasoning tests are on
indicators of analyzing and interpreting data. In statistical anxiety, there are also indicators in
accordance with statistical reasoning indicators, which is to develop conclusions based on
mathematical solutions, explain statistical findings, and interpret statistics. On the indicator,
students experienced greater anxiety compared to other anxiety indicators such as reading,
calculating, and solving mathematical equations. Observations during the study and
interviews indicate that it is because students focused too much on numbers and
calculations,and when they finish calculating they assume the problem is over. They cannot
explain the obtained calculation results and how to interpret them. Students argued that they
did it a lot during high school and the lack of reinforcement from the teacher about this
process causeddifficulty as well. This is consistent with Leavy; Hannigan; Fitzmaurice’s
(2013) research, where teachers assume that students have difficulty interpreting graphs and
statistical results. This is most likely because most teachers skipped this stage in class.
Although, in the basic statistics courseit has been emphasized that this stage needs to be

carried out.

4 Conclusions and Suggestions

From this research results and discussion, we can conclude that pre-service
mathematics teachers still have statistical anxiety with moderate level on aspects of taking
courses, learning and practicing while the aspect of the examination has a higher anxiety
level. Statistic anxiety on the aspect of the exam leads them to prepare themselves better, so
statistical anxiety here becomes a boost or motivation for them to learn. Based on gender,
both men and women have the same anxiety level on various aspects. The results of statistics
tests show that statistical anxiety has no effect on the statistical reasoning ability, statistical
anxiety can only impair 0.1% the ability of statistical reasoning. This means that many other
factors affect statistics reasoning, both cognitive factors and non-cognitive factors.
Weanalyzed the indicator of statistical reasoning and statistical anxiety indicators, in which
there is relevant results between statistical anxiety experienced by students on the indicator to
develop conclusion based on mathematical solution, explain statistical findings, and to
interpret statistic; with the indicator of statistical reasoning, which is analyzing and
interpreting data. Therefore, these pre-service mathematics teachers need to be given
sufficient mastery of pedagogical material, content and knowledge of statistics, as well as

strengthen the indicators of analyzing and interpreting data. This should be done in order to

Bolema, Rio Claro (SP), v. 33, n. 64, p. 694-706, ago. 2019 702



ISSN 1980-4415
ET DOI: http://dx.doi.org/10.1590/1980-4415v33n64al2

reduce their statistical anxiety andso they can become professional teachers. Looking at the
results of this study, it is necessary to conduct further research to examine the factors that

affect students' reasoning abilities of statistics for both cognitive and non-cognitive factors.
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