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Abstract

Many undergraduate students are required to study statistics, but often struggle understanding
concepts, lack engagement, lack confidence, or feel anxious about statistics. Kahoot is a game-
based learning platform that can be used to increase student engagement and learning through real-
time quizzes. This study aimed to evaluate the use of Kahoot on improving students’ experience of
studying statistics in an undergraduate (year 2) course. Pre and post Likert scale questionnaires
(including the Statistical Anxiety Measure - SAM) were used to collect student responses about their
statistics study experience. Questions related to anxiety, confidence, and for the post quiz, additional
guestions on the impact of Kahoot on behavioural engagement. Post survey results indicate positive
changes in students’ perceptions towards studying statistics in terms of anxiety and confidence.
Kahoot was shown to have a significant and positive effect on student confidence and was also
linked to lowered anxiety. Despite limited data, help-seeking anxiety explained over 50% of variation
in final exam performance. Further research is recommended on the effect of Kahoot on student
anxiety when studying statistics, particularly as it relates to confidence and performance.
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1. Introduction and Literature Review

Statistics is one of the most widely taught subjects in the undergraduate curriculum and contributes
to the development of important skills such as problem solving, critical reasoning and decision
making (Cui et al, 2019; Dempster & McCorry, 2009). However, for many students it is the most
feared and disliked component of their studies and often seen as a necessity to progression which
must be endured (Birenbaum & Eylath, 1994; Onwuegbuzie & Wilson, 2003; Ziedner, 1991; Nasser,
2004). In addition to the negativity surrounding the learning of statistics, it is thought that up to 80%
of students suffer with situation specific statistics anxiety at some level (Onwuegbuzie & Wilson,
2003). It is well established in the literature that low self-efficacy towards learning statistics among
students is generally associated with higher levels of experienced statistics anxiety (Chamberlain et
al, 2015). Statistics anxiety has been linked to poor statistics assessment performance in numerous
studies, but it is the link between statistics anxiety, student attitudes and negative learning
behaviours which are thought to lead to poor performance (Macher et al, 2011; Gonzalez et al, 2016;
Macher et al, 2013). Anxious students often try to avoid any statistical situation including not
attending/listening to lectures, not asking for help, delaying work on assessments until the last
minute, persevering less on tasks, and putting little effort into learning (Macher et al, 2011; Kesici et
al, 2011), which can subsequently lead to poorer performance, reinforcing a student’s view that they
cannot do statistics.

Although suggestions for addressing anxiety have been made, very few researchers propose or
evaluate strategies to reduce anxiety. Birenbaum & Eylath, (1994), Baloglu, (1999), Onwuegbuzie &
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Wilson (2003), and Chew & Dillon, (2014) summarise strategies tested in the literature which are
usually based on teaching strategies rather than behavioural strategies that students can implement.
Examples include improving statistical textbooks (Johnston, 1977), using humour in the classroom
(Schacht & Stewart, 1990), making more connections between concepts and real-life application
(Ellman, 1991; Belli & Seaver, 1989), and using “sleuthing” stories upon which to practice statistical
analyses (D’Andrea & Waters, 2002). Cohen (2014) discusses the importance of using games in the
teaching of difficult subjects such as statistics, whilst Macheski et al. 2008 also highlight the
importance of interactive classroom activities in creating a learning community and a safe, relaxed
classroom environment. While there is little in the literature evaluating the use of games-based
learning on either reducing statistics anxiety or increasing confidence, Schacht & Stewart (1990)
hypothesise that interactive learning environments are important in the reduction of statistics anxiety.

The use of Audience Response Systems (ARS) for teaching statistics and mathematics subjects has
been described previously. For example, Ramesh (2011) evaluated the use of an ARS in
undergraduate statistics modules and found an improved learning experience, as evidenced by
increased attendance and engagement. Rowlett (2010) recommends the use of ARS to facilitate
more active learning, whilst Wit (2003) reported many positive impacts of using an ARS in a statistics
class, including student enjoyment, and the ability for students to contribute without fear of making
mistakes. Fullarton et al (n.d.) introduced arsnova-click: a gamified ARS for STEM (Science,
Technology, Engineering, Mathematics) courses inspired by Kahoot and designed with a focus on
privacy and anonymity.

Kahoot (https://kahoot.com/) is a game-based ARS and learning platform that can be used to
increase student behavioural engagement and learning through real-time quizzes. Kahoot quizzes
can be played either synchronously during a live class, or asynchronously if set for “Homework”.
Wang & Tahir (2020) carried out a review on the published effects of using Kahoot. Based on their
findings, they concluded that Kahoot can have a positive effect on learning, classroom dynamics,
motivation, concentration, and perceived learning by students. Of the 93 studies included in the
review, 14 considered student anxiety, although none focused on statistics anxiety specifically. A
concern of some teachers is that the use of Kahoot in the classroom may induce anxiety due to the
focus on competition and time limits for answering quiz questions. However, 10 of the 14 articles
reported a reduction in student anxiety (two of which included tests for statistical significance) due
to factors such as facilitating more students to feel safe to participate and answer questions without
fear of being judged, and the addition of humour. Only one study of the 14 reported that Kahoot
could induce agitation (anxiety) (Moutinho & Sa, 2018). Interestingly, one study (Turan & Meral,
2018) compared Kahoot with another polling system Socrative (https://www.socrative.com/), and
found there was a statistically significant difference in anxiety scores, where anxiety scores
associated with Kahoot were lower.

The main aim of this study was to evaluate the impact of Kahoot on student reported levels of anxiety
and confidence regarding statistics using pre-post surveys. For course students that completed both
the pre and post surveys, the relationship between reduced anxiety/increased confidence and self-
reported levels of behavioural engagement with lecture material was also explored. Another aim was
to see if performance on the final exam was related to responses in the post survey.

2. Method
2.1. Participants

The participants of this study were undergraduate students enrolled in the second-year course
Practice of Science in Semester 1 of 2020. Most students (68%) were enrolled in biology-based
degrees, with approximately 50% of students enrolling in Practice of Science as a core course for
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their degree or major. The remaining students chose it as an elective or as a prerequisite for a third-
year course. All 129 students enrolled in Practice of Science were invited to take part in the study
and participation was voluntary.

2.2.Course background

This course was established in 2013 by the School of Life Sciences to provide biology students with
a second-year course that encompassed experimental design and statistical concepts. The need for
statistics in second year biology was identified by 3™ year biology course coordinators who felt
students had either not retained first year statistical knowledge or missed statistics prior to third year.
In particular, many students did not appear confident in determining the correct statistical test to use
with data collected in the field or lab. Practice of Science has always been co-taught by two different
departments. Over the years the lecturing staff have changed but since 2014 one of the authors (PH)
has been involved to different extents in the experimental design component of the subject and since
2019 another author (AS) has lectured for the statistics component. In 2020 there was a single
lecturer for each component (AS for statistics and PH for experimental design), with corresponding
teams of teaching assistants for weekly workshops.

One challenge for this course has been the successful integration of the two components so that
students do not perceive each as stand alone and see the link to their biology studies. Over the last
two years AS and PH have ensured use of the same terms where there may be differences, referred
to each other’s lectures where applicable, and have carefully considered the sequence of learning
activities and assessments. Another challenge has been delivering the statistics component to a
cohort of students with a diverse range of backgrounds in quantitative skills. Some students have
not studied any maths since aged 16 at secondary school, while others have first year undergraduate
maths or statistics. In addition, instruction on using the statistical package SPSS is given, which
some students had not encountered previously.

Assessment of experimental design concepts includes a group oral presentation, online quizzes, an
ongoing group task (3-4 students per group) of designing a hypothetical experiment but with
individual submission of a written summary, and half of the end of semester exam. The statistics
component (termed data analysis in the course notes) is assessed via online quizzes, two
assignments, and half of the end of semester exam. Linking of the two components is achieved as
students are required to state the statistical test they would use for the data in their proposed
experiment study and why. To lessen student anxiety around missing an online quiz and to minimize
course coordinator administration regarding missed quizzes, the best five marks of the seven online
quizzes was used towards a student’s final grade. PH has successfully used this ‘best of’ approach
in other subjects and gives students an element of ‘choice’, which may encourage a more active role
in learning (Nicol, 2009) and reduce stress about the assessment (Cook, 2001).

Kahoot was typically used at the end of each statistics lecture whereby four to six multiple choice
guestions were asked so that students could check their comprehension of the material in that
lecture. The statistics lectures were delivered face-to-face for one week at the beginning of the
semester. At that point, due to COVID-19 and the associated lockdown in Melbourne, Australia, the
remaining lectures were delivered asynchronously through the use of pre-recorded videos. As such,
the Kahoot quizzes were adapted to also be administered asynchronously so that students could
play the Kahoot game in their own time after having watched the associated lecture material.
Engagement with the lecture material and the Kahoot quizzes remained similar with this format as
had been seen in previous years with a fully face-to-face format. During the final week of the
semester, a longer ‘revision Kahoot’, which included questions relating to data analysis topics
throughout the semester, was administered live over Zoom. In general, although not assessed, the

MSOR Connections 19(2) —journals.gre.ac.uk 43



Kahoot quizzes were useful practice for the assessed online quizzes which were related to the
corresponding week of statistics material.

2.3.Data collection

A pre-post research design was used to measure confidence and anxiety levels experienced by
students at the beginning and end of the semester respectively. The post survey also included
questions regarding students’ perceptions of the effect of Kahoot. In addition, responses from the
pre and post surveys were matched to data available from the Learning Management System
including student performance. Ethical approval to carry out the research study was obtained from
the university human ethics research committee.

Several subscales measuring different aspects of statistics anxiety were taken or adapted from the
Statistical Anxiety Measure - SAM (Earp, 2007) and the Statistical Anxiety Rating Scale - STARS
(Cruise, Cash and Bolton, 1985). Details of the items for each subscale for task anxiety (SAM, 8
items), anxiety about asking for help (STARS, 3 items) and software anxiety (adapted, 3 items) are
included in the Appendix with Cronbach’s alpha values. Anxiety about choosing the right technique
was analysed separately. Each question asked how anxious students felt in different situations on a
7 point scale from Not at all anxious (1) to Extremely anxious (7). Confidence was also measured
using 4 items (alpha = 0.89), each measured on a 7-point scale from Strongly disagree (1) to Strongly
agree (7) of feeling confident with choosing the right statistical test, statistical software, interpreting
output, and writing a statistical report. The same questions were asked in the post survey with the
addition of questions specifically asking about the impact of Kahoot on their learning, and motivation
to engage.

To better understand whether changes in anxiety and confidence during the year could be directly
linked to the use of Kahoot, additional questions were included in the end of semester survey, asking
students to think about the impact of Kahoot on anxiety and confidence when first going through the
lecture material and studying statistics generally. In each scenario, 5-point Likert scales ranging from
1A lot less anxious (1) to A lot more anxious (5) for anxiety and A lot less confident (1) to A lot more
confident (5) for changes in confidence due to Kahoot. For these additional questions, a 5-point scale
was more suitable than a 7-point scale when considering the possible categories available in the
guestion (see Appendices 6.1 and 6.2).

Of the 129 students who were enrolled in and completed the subject, the pre and post surveys were
completed by n = 20 and n = 9 students respectively, and 5 of those students completed both the
pre and post surveys. For students who completed both the pre and post surveys, the course final
exam mark for the Data Analysis section was retrieved after students had received their final grade
for the course.

2.4.Data analysis

Descriptive statistics were used to present overall mean pre and post anxiety and confidence scores
and student responses regarding the effect of Kahoot on anxiety and confidence. The paired t-test
was used to test whether mean changes between pre and post scores of the summary anxiety and
confidence measures were significant. The Normality assumption was checked using Normal Q-Q
plots and the Shapiro-Wilk test, and we note that the t-test has been shown to be valid even for
extremely small sample sizes of n <5 (de Winter, 2013). The Wilcoxon signed-ranked test was used
to test whether the changes between pre and post anxiety and confidence scores of the single item
regarding choosing the right statistical test was significant. Effect sizes were provided to measure
the relative size of the changes. The Wilcoxon signed-ranked test was used to test for statistical
significance of the impact of Kahoot on student learning, motivation to engage, anxiety, and
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confidence with statistics. The Spearman correlation coefficient was used to measure the strength
of association between the reported impact of Kahoot on student learning, and the reported impact
of Kahoot on anxiety and confidence. Linear regression was used to measure the association
between student performance and statistics-related anxiety, with assumptions checked via a
scatterplot of the data, and residuals versus fits and Normal Q-Q plots. Statistical analyses were
carried out using R version 4.1.1 (R core team, 2019).

3. Results

Prior to specifically examining the effect of Kahoot (Section 3.2), the pre and post anxiety and
confidence data is explored (Section 3.1). Next, the relationship between behavioural engagement
measures and student perception of benefit to learning is examined (Section 3.3). Lastly, how
measures of anxiety, confidence, and impact of Kahoot related to student performance is described
(Section 3.4).

3.1. Overall student anxiety and confidence levels

Figure 1 shows the mean pre and post anxiety scores and the mean pre and post confidence scores,
with error bars representing 95% confidence intervals also shown. Based onthe n =20and n=9
students who completed the pre and post surveys respectively, all mean anxiety scores showed a
decrease between the two surveys, while all mean confidence scores showed an increase between
the two surveys. The largest observed difference between pre and post scores for both confidence
and anxiety was for choosing the right statistical test.
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Figure 2. Mean pre and post anxiety scores (top) and confidence scores (bottom) with
error bars representing 95% confidence intervals shown.
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To assess which changes were statistically significant, only the responses of the five students who
completed both the pre and post survey could be used. Table 1 shows the results (p-values) of the
paired t-test, standard error, mean change, and effect size of anxiety related to using software and
help-seeking, as well as the overall confidence and anxiety measures. The remaining measures
listed in Figure 1 were not appropriate for a t-test analysis (non-Normal) and are therefore not
included in Table 1. Significant results (p < .05) and large effect sizes (d = 0.8) are highlighted in
bold. The results indicate that, on average, the reduction in average anxiety levels based on the
SAM and help-seeking anxiety measures was statistically significant. The effect size (standardised
mean change) was large for all measures in Table 1 except for the Software anxiety measure, for
which the measured change was zero.

Table 1. Results of paired t-tests (n = 5) for significant changes between pre and post
anxiety and confidence measures, along with mean change and effect sizes. Significant
p-values and large effect sizes are highlighted in bold.

Measure '\?E?fg C‘ihs?gg)e Std. Error p-value
Anxiety about using software 0.000 (0.00) 0.723 1.00
Anxiety about help-seeking -0.867 (-1.25) 0.309 0.049
Overall statistical anxiety measure -0.425 (-1.26) 0.151 0.048
Overall confidence measure 0.900 (0.88) 0.458 0.12

To assess the statistical significance of the changes in anxiety and confidence with regard to
choosing the right test, the Wilcoxon signed-rank test was carried out. This was an important item
within the context of the Practice of Science course, because developing the skill of choosing the
correct statistical test is one of the main intended learning outcomes of the course. Associated
Wilcoxon effect sizes were calculated where possible effect sizes can vary from r =0 to 1, with an
effect size of 0.5 or more considered large (Tomczak and Tomczak, 2014). The results indicated
that the change in anxiety was statistically non-significant (p = 0.18), although the effect size was
large (r = 0.76). The change in confidence was close-to-significant (p = 0.057) and the effect size
was large (r = 0.91). Considering the small sample size (n = 5), these results are encouraging and
indicate that by the end of the course, students seemed to become more confident and less
anxious regarding choosing the correct statistical test. This indicates that consideration of these
items in a larger study would be beneficial.

3.2.Impact of Kahoot on student confidence and anxiety

To assess the impact of Kahoot on student confidence and anxiety, at the end of semester students
were asked to indicate how their confidence and anxiety was affected due to the use of Kahoot, with
regard to going through the lecture material for each topic, and studying statistics generally. The
impact on confidence and anxiety was measured on a 5-point likert scale. The results are shown in
Figure 2, which includes the responses of the n = 9 students who completed the post survey. With
regard to anxiety related to both items, almost all students reported either no change (yellow) or less
anxiety (green). One student reported more anxiety (orange). With regard to confidence related to
both items, most students reported an increase in confidence due to the use of Kahoot, with either
1 or 2 students reporting no change, and one student reporting a decrease in confidence.
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Figure 3. Student responses regarding the effect of Kahoot on anxiety (left) and
confidence (right). Positive impact (less anxious or more confident) represented by green
colours.

Willcoxon signed-rank tests were carried out to test the reported impact of Kahoot on student
confidence and anxiety, testing whether the true median is different from 3 (no change). The
results for these tests based on the n = 9 responses are shown in Table 2, which shows p-values,
estimated median values, and effect sizes. Significant results (p < .05) and large effect sizes (r 2
0.5) are highlighted in bold. Students reported that Kahoot had a positive, large and statistically
significant impact on their confidence studying statistics generally, and a positive, large and close-
to-significant impact on their confidence when first going through the lecture material for each
topic. The reductions in anxiety as a result of Kahoot were not statistically significant, however the
effect size for studying statistics generally was large (r = 0.56), and moderate (r = 0.45) for going
through the lecture material for each topic. Again, considering the small sample size (n = 9), these
results are encouraging and indicate that Kahoot can have a positive effect in terms of student
confidence and anxiety while studying statistics. This indicates a larger study considering these
effects would be of benefit.
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Table 2. Results of Wilcoxon signed-rank tests (n = 9) for whether the true median effect
of Kahoot on anxiety and confidence measures is different from 3 (no change). Median
values and effect sizes are displayed. Significant p-values and large effect sizes are
highlighted in bold.

Anxiety Confidence
Question 1 =1I'm a lot less anxious, 1 =1'm a lot less confident,
5 = I'm a lot more anxious 5 = I’'m a lot more confident
Median value Median value
(Effect size) p-value (Effect size) p-value
When first going through the
lecture material for each topic 3(0:45) 0.23 4 (0.638) 0.071
Studying statistics in this
subject generally 2 (0.56) 0.12 4 (0.728) 0.036

3.3. The relationship between Kahoot’s impact on learning and engagement, and its impact
on statistics anxiety and confidence

In addition to the questions asking about the impact of Kahoot on anxiety and confidence, two
guestions were added to the 7-point agreement scale questions in the post survey. The items were
Kahoot helped motivate me to engage more with the lecture content and Kahoot worked well in
helping me learn (see Appendix 6.3). Willcoxon signed-rank tests were carried out to test the
reported impact of Kahoot on motivation to engage and learning, testing whether the true median is
different from 4. Associated Wilcoxon effect sizes were calculated where possible effect sizes can
vary from r = 0 to 1, with an effect size of 0.5 or more considered large (Tomczak and Tomczak,
2014). The n = 9 students who completed the post survey reported that Kahoot had a positive, large,
and close-to-significant impact on engagement with lecture content (p = 0.10, r = 0.56) and learning
(p = 0.093, r = 0.58), with a median score of 6 for both measures. An analysis of the Spearman
correlation between these two items yielded some interesting results. In particular, there was a
perfect and highly significant correlation (1, p < .001) between the agreement scores of these items.
This would seem to indicate that student behavioural engagement and student perception of learning
are linked.

Also of interest was the observed relationship between the item Kahoot worked well in helping me
learn (and by default Kahoot helped motivate me to engage more with the lecture content) and the
effect of Kahoot on anxiety and confidence. The sample Spearman correlations are provided in Table
3, which shows significant, strong, negative associations between the impact of Kahoot on learning
and on anxiety, and highly significant, very strong, positive associations between the impact of
Kahoot on learning and on confidence. Recalling the results in the previous section, the effect of
Kahoot on anxiety was not significant. However, the impact of Kahoot on items related to confidence
and perceived learning were all positive and either significant or close-to-significant. The highly
significant and strong, positive associations between the reported effect of Kahoot on student
learning and confidence shown in Table 3 therefore indicate that Kahoot has had a positive impact
on perceived student confidence and student learning overall, although the presence and direction
of causation is unclear.
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Table 3. Sample Spearman correlations between the reported impact of Kahoot on
learning, and the reported impact of Kahoot on measures relating to anxiety and

confidence.

Reported impact of Kahoot on

Reported impact of Kahoot on

anxiety confidence
When going , When going ,
through the Studying through the Studying

lecture material
for each topic

statistics in this
subject generally

lecture material
for each topic

statistics in this
subject generally

Kahoot worked

well in helping -0.75* -0.64° 0.82** 0.88***
me learn
p-values (0, 0.001, 0.01, 0.05, 0.1, 1) <=> symbolg(“***”, “**» « 7 €

3.4.Relationship to student performance

Linear regression modelling was carried out to assess the relationship between student performance
on the exam, and all items related to anxiety, confidence and the impact of Kahoot. Most items were
not found to be significantly associated with student performance, although this may be partially due
to the limitation of a small sample size (n = 9). However, despite the small sample size, anxiety
associated with asking for help was significantly associated with student performance based on
responses from both the pre and post surveys. The result from the post survey data is reported here:
in particular, a simple linear regression analysis was conducted to test the association between exam
mark as the response, and the anxiety measure for Asking one of my statistics teaching staff for help
in understanding computer output as the predictor. The results of the regression indicated that help-
seeking anxiety explained 52.39% of the variation in exam marks (R? = .5239, F(1,7) = 7.704, p =
.028). Help-seeking anxiety score is a significant predictor of exam mark (p = -3.683, p =.028). For
each additional point in help-seeking anxiety score, on average, exam mark was between 0.55 and
6.82 marks lower. This finding indicates that help-seeking anxiety and ways it can be addressed
warrants further research.

4. Discussion, conclusions, and future work

The results indicate positive, large, and some significant (or close-to-significant) changes in both
student confidence and statistics-related anxiety when comparing pre and post scores. The results
further indicate that Kahoot can have a positive impact on student confidence and student
engagement & learning, and further that the impact of Kahoot on these aspects are correlated.
Although the effect of Kahoot on anxiety was positive, the results were not as strong as the effect of
Kahoot on confidence. Considering possible reasons for this, anecdotal evidence suggests that
timed testing can be anxiety-inducing or affect performance for some students [this has also been
seen in the literature; e.g. Onwuegbuzie & Seaman (1995)], but that this may not necessatrily inhibit
increases in confidence. For instance, consider one student’s response in the post survey to the
guestion, What else (if anything) has helped reduce your anxiety about studying statistics this
semester?: “Most of my anxiety is around timed testing...”. This student also responded that Kahoot
had a positive impact on motivation to engage, learning, and confidence, but no change to anxiety.
Although the negative association between statistics anxiety and student performance is
documented in the literature (Chew & Dillon, 2014), Keeley et al., (2008) found that very high or very
low levels of anxiety were associated with lower performance, while mid-range anxiety was
associated with higher performance. They argued against assuming that lengths should be taken to
eliminate all anxiety, while Onwuegbuzie & Wilson (2003) suggested that some statistics anxiety can
even be facilitative rather than debilitative when not experienced in extreme measures. Hence, it
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may be argued that some anxiety may be acceptable when associated with playing Kahoot,
particularly if at the same time it is a confidence-building exercise that facilitates better learning.

Still, Wang & Tahir (2020) summarise some useful suggestions that can help to reduce student
anxiety, one of which is that students can be anonymous while playing Kahoot by using nicknames,
which can lead to reduced stress and creation of a safer environment within which to fail. To reduce
the potential fear of losing Kahoot games, Wang & Tahir (2020) report that playing Kahoot as teams
rather than individuals has been suggested. Another obvious suggestion for the anxiety some
students experience around pressure to answer questions quickly is to increase the time allowed to
answer questions, although this may not always be possible within the time constraints of a class.
At present, the possible time that can be allowed for answering a question ranges from 5 seconds
to 4 minutes. Verbal feedback from students about the assessed online quizzes indicated that
students greatly appreciated the long timeframe (2 hours) within which to complete them, perceived
that they were helpful for learning, and were useful for staying on track with course content;
observations which warrant further research into the use of online quizzes to facilitate learning and
reduce statistics anxiety.

The obvious association observed between anxiety related to help-seeking and student performance
is an observation that also warrants further investigation. These preliminary results indicate that a
future workshop based on statistics-related anxiety (see, e.g. Marshall et al, 2017), with a particular
focus on the benefits of help-seeking, along with strategies to normalise help-seeking in the
curriculum, may have a positive impact on student performance.

A limitation of this study is the limited sample size and associated low response rate, which may
have increased the risk of self-selection bias. Still, this study has led to some interesting observations
that warrant further investigation. Recommendations for further research are therefore as follows:

1. Arepeat of this study but with a higher sample size, so that findings can be generalised with
greater certainty;

2. Research into the reasons why Kahoot helped increase confidence or reduce anxiety, where
this has occurred;

3. A study on statistics anxiety workshops that have a particular focus on help-seeking, along
with strategies in the curriculum to encourage and normalise help seeking, including
measurement of the impact on student performance;

4. A study on online tests with generous time-limits that can be repeated as a confidence-
building strategy, measuring the impact on anxiety, confidence, and performance.
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6. Appendix

6.1. Statistics anxiety scales

All statistics anxiety measures contained items asking how anxious students felt in the specific
situation from 1 (Not at all anxious) to 7 (Extremely anxious). The same scales were used in the pre
and post surveys.
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Scale and Cronbach’s
alpha (post survey)

Individual items

Statistical task anxiety

Statistical anxiety measure
(Earp, 2007)
Cronbach’s alpha = 0.94

Sitting an exam in person on campus

Studying statistics generally

Reading statistical studies

Calculating probabilities

Formulating and testing hypotheses

Developing conclusions based on mathematical solutions

Interpreting statistics

Explaining your statistical findings

Software anxiety

Created by Marshall as
existing scales do not contain
items relating to software
Cronbach’s alpha = 0.89

Inputting/manipulating data in statistical software

Using statistical software to carry out analyses

Summarising results from the statistical software output

Fear of asking for help

Statistical Anxiety Rating
Scale - STARS (Cruise, Cash
and Bolton, 1985)
Cronbach’s alpha = 0.9

Going to my statistics lecturer for individual help with material | am having
difficulty understanding

Asking a statistics lecturer for help understanding computer output

Asking a fellow student for help in understanding statistics material

In order to ascertain whether changes in anxiety related specifically to the use of Kahoot, some
additional questions were added to the post survey.

How has using Kahoot in this
subject impacted on any
anxiety you may have had
about Statistics?

I'm a I'm a little less No I'm a little I'm a
lot less anxious change more lot
anxious anxious more

anxious

When first going through the
lecture material for each topic

Studying statistics in this
subject generally

6.2. Statistics confidence scales

Students were asked how much they agreed with the following questions about confidence with key
aspects of statistics on a 7 point scale from 1 (Strongly disagree) to 7 (Strongly agree).

Statistical confidence
Cronbach’s alpha = 0.89

| feel confident choosing the right statistical test

| feel confident interpreting results from statistical software

| feel confident using the statistical software taught on my course

| feel confident writing a statistical report
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In order to ascertain whether changes in confidence related specifically to the use of Kahoot, some
additional questions were added to the post survey.

How has using Kahoot in this I’'m a lot I'm a little No I'm a little I’'m a lot
subject impacted on any less less change more more
confidence you may have had confident confident confident confident

about Statistics?

When first going through the
lecture material for each topic

Studying statistics in this
subject generally

6.3. Additional questions measuring impact of Kahoot

Students were asked in the post survey how much they agreed with the following questions about
the impact of Kahoot on a 7 point scale from 1 (Strongly disagree) to 7 (Strongly agree).

Kahoot helped motivate me to engage more with the lecture content

Engagement and learning

Kahoot worked well in helping me learn
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