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This qualitative exploratory study examined non-statistics specialist students' perceived benefits and limitations of learning statistical concepts through creative story writing. Stories can be a powerful tool as it provides an opportunity for statistics learners to refine their statistical understanding in different contextsones that are relevant to their personal experience and interest. The added benefit of learning through creating stories is how it can shift the focus from dealing with numerical data and formulae exclusively to the meaningful application of statistical concepts. Interview and observation data involving seven social sciences undergraduate students at an English university revealed a range of perceived cognitive and affective benefits as well as some limitations of this innovative statistics learning approach.

Introduction

A deficit in quantitative skills among UK university graduates has recently been highlighted as a major cause for concern. In its position statement titled Society Counts, the British Academy (2012) -the UK's national academy for the social sciences and the humanities -expresses its deep concern in the UK's weakness in the quantitative skills, particularly within the social sciences and humanities (SSH) disciplines, and highlights how such deficit can have serious implications not only for the future of the UK as a world leader in research and higher education, but also for its graduates' employability and its economy's competitiveness. While the focus of SSH disciplines is not mathematical per se, the recent drive for research-based teaching in higher education (e.g. [START_REF] Jenkins | Institutional strategies to link teaching and research[END_REF] implicitly requires SSH students to be confident in using their quantitative, particular ly statistical, skills, to help critically interpret statistical data (as reported in some articles within their field of study) and, where applicable, to help them quantitatively analyse data for their own researchbased dissertation project. However, statistics teaching is not often delivered to students in a relevant and exciting way (British Academy, 2012). It is hardly surprising then that statistical anxiety among university students, particularly those within the SSH disciplines, has been widely reported [START_REF] Lalayants | Overcoming graduate students' negative perceptions of statistics[END_REF]. The current study proposes an innovative statistics teaching whereby students produce a creative story where statistical knowledge and understanding are required to construct the storyline. More specifically, the study intends to examine the students' perceived benefits of the approach.

Literature review

Statistics education

The research field of statistics education is primarily concerned with studies that aim to explore different ways to make statistics learning and teaching more effective, and in some cases, even more enjoyable. In relation to the current study, two key strands of relevant studies include those that focus on transferability, and those that focus on associating statistics learning with something lighthear ted and enjoyable. Concerning the former strand, [START_REF] Groth | Pre-service elementary school teachers' metaphors for the concept of statistical sample[END_REF] study in the USA, for example, investigated the role of metaphors in providing insights into students' statistical think ing. Whilst the focus of [START_REF] Groth | Pre-service elementary school teachers' metaphors for the concept of statistical sample[END_REF] study is on using metaphors to reveal pre-service elementary school teachers' understanding of statistical sample (e.g. "a sample is one toy off a toy shelf" (p. 34)), it can be argued that the underlying principle of using metaphors is deep-rooted in the concept of transferability which can be applied to any group of students and any statistical topic. Concerning the second strand, [START_REF] Friedman | Using humor in the introductory statistics course[END_REF] argue for the use of humour in statistics teaching and learning. Specifically, they argue that humour can be used to build relations hips and enhance communication between students and instructor, as well as can be used as a stressreducing tool in statistics classes. [START_REF] Neumann | Statistics? You must be joking: The application and evaluation of humor when teaching statistics[END_REF] study, use of humour was evaluated. Through interviewing 38 students who were randomly selected from those enrolled on a first-year Psychology course in Australia, it was found that "humor aided teaching by providing amusement, breaking up content, bringing back attention, lightening the mood, increasing motivatio n, reducing monotony, and providing a mental break" (para. 1).

Whilst the aforementioned studies represent an attempt to make statistics learning more accessible and enjoyable, the current study would argue that the effectiveness of these attempts to improve statistics learning and teaching experience is limited due to their lack of emphasis on embedding statistics learning in a relevant and meaningful context. This study thus sets out to explore students' perceptions of using creative story writing whereby statistical knowledge is required to construct the story's narrative in order to help them develop their statistical understanding.

Creative stories as a learning tool Egan and Judson (2016, p. 4) argue that "the old distinction of arts dealing with imagination and academic subjects dealing with reason has led to a neglect of engaging students' imaginations in learning academic subjects". This, they argued, acts as a key barrier to effective teaching and learning. The use of creative stories (whether as consumer or producer) thus has a great potential to bridge this gap. The current study would argue that two key features underpin the creative story writing approach, namely 1) transferability and knowledge application in meaningful context, and 2) self-motivatio n through relevance of and emotional engagement in the story. As highlighted by [START_REF] Groth | Pre-service elementary school teachers' metaphors for the concept of statistical sample[END_REF] with metaphor and [START_REF] Martin | It's like... you know": The use of analogies and heuristics in teaching introductory statistical methods[END_REF] with analogy, transferability one's (statistical) knowledge and understanding from, for example, statistics textbooks (context-free) to their own story (contextrich) encourages them to first think carefully about what the concepts are, and then engage in higher order thinking by applying the concepts in a meaningful context. This process is crucial as Tannen (1999, as cited in Haven, 2007, p. 64) argues that "Story merges abstract information with common sensory details to create context and relevance for the abstract". Both context and relevance, as [START_REF] Haven | Story proof: The science behind the startling power of story[END_REF] argues "trigger the conscious mind to pay attention and to remember" (p. 64). Additiona lly, when learners get to think of a context or storyline for their own story, they are more likely to be engaged and self-motivated in their own learning process and become more emotionally invested not only in the story [START_REF] Egan | Imagination and the engaged learner: Cognitive tools for the classroom[END_REF], but also in the ownership of their knowledge construction.

In terms of research, to the best of the author's knowledge, only one small empirical study has been conducted to explore the potential benefits of using creative stories in statistics learning. The study, by D' Andrea and Waters (2002), set out to examine how short stories can be used to reduce statistica l anxiety among her 17 graduate Education students enrolling on an introductory statistics course in the USA. Using the Statistical Anxiety Rating Scale (STARS), the survey results showed that the students' anxiety towards the statistics course steadily declined when their ratings before and after the course were compared. However, one key limitation of this study is how the short stories were written by the researchers (i.e. the course instructors) themselves, as opposed to providing an opportunity for the students to create their own storiesa shortfall that the current study aims to address.

Theoretical perspectives

This study argues for a statistics teaching and learning strategy that is grounded in [START_REF] Papert | Situating Constructionism[END_REF] theory of constructionism. Unlike constructivism, constructionism places a great deal of emphasis not only on internationalization, but also the process of externalization. More specifica lly, constructionists argue that construction of knowledge takes place both in the head (internalizatio n) and supported by "construction of a more public sort 'in the world'" (externalization), whereby learners creating a public artefact of what they know that can be "shown, discussed, examined, probed, and admired" (Papert, 1991, p. 142). In turn, this process helps to shape and sharpen the knowledge [START_REF] Ackermann | Piaget's constructivism, Papert's constructionism: What's the difference? Cambridge, MA: Future of Learning Group[END_REF]. In the context of the current study, such public artefact is the story created by the learners where knowledge and understanding of the assigned statistical concept is first required before applying such knowledge and understanding to construct their storyline.

The current study

The current study is exploratory in nature, and it sets out to investigate non-statistics-specia lis t undergraduate students' perceptions of using creative story writing to learn introductory statistics. More specifically, the key research question asks: What are non-statistics-specialist undergraduate students' perceptions of key benefits of learning introductory statistics through creative story writing?

Methodology

Research design

This study is predominantly qualitative, reflecting a recent call from the research field of statistics education and cognition to move beyond it being a purely quantitative field [START_REF] Kalinowski | Qualitative research: An essential part of statistical cognition research[END_REF]. The data collection took place in May and June 2016, and it primarily involved semi-structured interviews with first-year undergraduate non-statistics-specialist students within the social sciences discipline. To allow the students to form well-developed perceptions of the approach, they were asked to attend a three-hour session where they mostly worked in pairs to independently research a given statistical concept for the first 30 minutes. This independent learning was supporte d by making a range of introductory statistics textbooks available to them during the session. They were also encouraged to watch tutorial videos available on Youtube on their electronic devices. For the remaining 2.5 hours, they were then asked to collaboratively produce a creative story to illustrate that concept. Before they started creating the story, the participants were asked to vote on the format of their story output, and everyone voted for the picture book format, over two other choices, namely the graphical novel and the story book formats.

Audio recordings were made of each team's discussion whilst they were working on separate tables. A week after the session, each team was interviewed separately and they were asked to reflect on their own experience of using creative story writing to learn introductory statistics at the intervie w. Together with the stories produced, these multiple sources of data were used as a form of triangulatio n to maximise the degree of reliability in the analysis.

Standard deviation, as a measure of variability, was chosen as an introductory statistical concept for the participants to base their story on, for its importance as a building block to more advanced statistical knowledge, such as sampling distributions, inference, and p-values [START_REF] Delmas | Exploring students' conceptions of the standard deviation[END_REF].

It is beyond the scope of this paper to present in detail examples of the picture books created by the students in this study. Examples and brief discussions of these picture books were presented in the author's CERME10 presentation.

Sampling strategies and sample size

The participants were seven undergraduate Education students, who nominated themselves to be part of the study after a recruitment call. The students are English native speaking students of Caucasian origin, aged ranging from 18 to 19 years old. Non-random purposive sampling was used to ensure that none of the participants had a Mathematics or Statistics post-16 academic qualificatio n (commonly referred to as A Level in England).

The students were split into two pairs and one triad: Team 1 (all male students) with Jim and Dylan (pseudonym), Team 2 (all female students) with Maria and Sarah, and Team 3 (mixed) with Rosie, Ryan and the additional student -Olivia. The reason for including both single-sex pairs and a triad of male and female students in the study was to minimise any impact certain type of pairing could have on learning. (One of the male students, Ryan, did not confirm his participation by the agreed deadline, prompting the researcher to recruit an additional student, Olivia, as no other male students were available. Thus, a total of 7 students attending the session. Ryan also did not turn up for the scheduled interview, resulting in having interview data from only 6 students)

Data analysis

Due to the study being exploratory in nature and not aiming to test any particular existing theory, an inductive thematically-coded approach to qualitative data analysis was adopted. Audio recording transcripts of both the group discussions during the session and of the interviews after the session were read and reread to identify emerging themes. The process was done manually without the use of any software. The researcher alone did the coding, and thus fully acknowledges the limitation this presents in terms of the reliability of the analysis.

Results and discussion

As previously mentioned, this study sets out to explore non-statistics-specialist undergradua te students' perceptions of key benefits of learning and teaching introductory statistics through creat ive story writing. The findings are presented and discussed below.

Perceived cognitive benefits

Four key cognitive skills were developed through the creative story writing approach, namely understanding, application, visualization and communication.

Concerning understanding, in order for the participants to come up with a storyline, they first had to understand what the given statistical concept (standard deviation) was. For example, Rosie explained that "The process helped me because I had to concretely understand what the statistical concept was and what misconceptions there may be before we started writing the book". This resonates well with Dylan's view as he stated that "I think it helps because you have to completely get every single step of it … know how to do it … you will have to go over it all before you were able to even start think ing about how could we use this in the task [story]".

Application is another key cognitive skill put forward by the students. Using creative story writing to learn statistical concepts requires learners to think carefully of a meaningful and purposeful context in which the concepts can be applied. This encourages them to contextualise statistical concepts. Dylan, for example, explained that "figuring a story that would fit around it […] makes you think about how could I use it in real life -where it would be applicable. I think […] having to put it in the story helps you understand it quite a lot." Such view is also echoed by Maria who stated that: "having to work out a context for the story where there would be a need to use standard deviation further helped.

[…] If it doesn't have a context, it doesn't really make sense. It's harder to understand it". From the observation, students' conceptual understanding of standard deviation was evidently developing through their discussion about the context for and application of the concept. This highlights the role of what [START_REF] Donaldson | Children's minds[END_REF] referred to as embedded thinking.

As previously mentioned, all participants voted to present their story in the picture book format. Whilst originally not central to the key research question, several participants cited the benefits of the format, particularly visualization, as contributing to the development of their understanding of standard deviation. More specifically, they highlighted how the format encourages them to think about how statistical concepts can also be represented visually through illustrations. Jim explained that "I think it gives you different ways to learn because you might be a visual learner. The pictures will help", highlighting how producing creative story in the picture book format could cater for diverse learning styles.

Finally, communicationanother key cognitive skill that came up several times in the interview with the students. This is primarily concerned with how the creative story writing approach explic itly requires authors to break down the concept and communicate it to their readers. Jim, for example, explained that "It's also about breaking it down into a narrative that other people can understand because you write it for other people, so you have to … not dumb it down … but you would certainly break it down, and I think it helps you understand it that way". For Maria, she linked this aspect of the approach to teaching: "You're teaching it and you remember it better when you're trying to teach something rather than when you're just listening. We're writing a story to teach other people what it was". The participants who were not at all familiar of the concept prior to the session were later able to articulate that standard deviation measures the spread of the different data points in relation to their mean average. While the definitions offered by Sarah and Ryan did not make clear the relations hip between the data points and their mean average, it can be argued that their understanding is still emergent. Even for Maria and Rosie who already had some understanding of the concept prior to the session, the definition of the concept that they offered after the session was more detailed. In line with [START_REF] Haven | Story proof: The science behind the startling power of story[END_REF], this demonstrates that creative story writing can be a powerful learning strategy for a wide range of learners.

Perceived affective benefits

Different aspects of the story writing approach were highlighted by the participants as helping to make statistics learning more engaging. Rosie, for example, pointed out that "Personally, maths has always been my nemesis, so for me [the story writing] puts maths and statistics in a lighter viewpoint rather than being factual and quite off putting". Similarly, Olivia -echoing Egan and Judson's (2016) found herself fully engaged in the process as she explained that: Before the session, the thought of statistics was fairly scary to me and seemed like something I would struggle to engage with. […] But, as the story writing process began, I was able to view standard deviation from a less scary lens. Before I realised, I was fully engaged with the story writing activity, rather than focusing on how scary the topic was initially.

Through its hands-on approach, Sarah and Jim commented about how the story writing approach helped to make them more engaged in statistics learning than they would otherwise be in traditiona l lectures. Sarah, for example, highlighted that:

The activity was enjoyable and therefore more engaging than if I'd just read about standard deviation in a text book or been told about it in a lecture. Being able to have fun with it and produce something creative helped me to really get into it and actually want to pay attention to getting it right.

Jim also highlighted how learning statistics through story writing is more enjoyable and less scary when "you've got a picture involved for a start and you're making a narrative". This resonates well with Maria's view. Not only did she attribute the positive statistics learning experience to the story writing, Maria also attributed it to the picture book format specifically, as she explained "Picture books are also associated with happiness and adventure and putting statistics into a picture book can make statistics seem more exciting". Her view emphasises how the combination of story writing and the picture book format seems to compliment each other quite well.

The way these students described statistics and its learning in itself is revealing: 'nemesis', 'scary', 'factual', 'struggle', 'complicating', 'mundane' and 'off putting', highlighting how disengaged these students would have carried on feeling towards the subject had it not been because of the story writing approach to learning statistics. When examining how the same students described statistics and its learning using the story writing approach, the positive attitudes towards statistics learning became apparent: 'fun', 'fully engaged', 'more exciting', 'creative', 'more engaging', 'more accessible', 'immersed', 'more switched on', 'lighter viewpoint' and 'your own knowledge'.

Conclusions Key findings and discussions

Overall, the approach, according to the students, appears to make use of four key cognitive skills, namely understanding, application, visualization and communication, and these are labelled as perceived cognitive benefits. Concerning understanding, in order for the participants to come up with a storyline, they first had to understand what the given statistical concept (standard deviation) was. Application is another cognitive skill that is put forward by the students. Using creative story writing to learn statistical concepts requires learners to think carefully of a meaningful and purposeful context in which the concepts can be applied. This encourages them to contextualise statistical concepts, and highlights the role of what [START_REF] Donaldson | Children's minds[END_REF] referred to as embedded thinking. The students themselves highlighted that the picturebook format encouraged them to think about how standard deviation could be represented visually through illustrations. This is particularly relevant when visualization is often seen to be a key mode of representation that can help learners develop their mathematical and statistical understanding (e.g. Bruner, 1966;Haylock, 1982;Haylock, 1984;Haylock & Cockburn 2013). Finally, communication is another key cognitive skill that came up several times in the interview with the students. This is primarily concerned with how the creative story writing approach explicitly requires authors to break down the concept and communicate it to their readers. Equally important, the students reported that the creative story writing approach motivated them to engage in learning introductory statistical concepts, as this is labelled as perceived affective benefits. The students particularly enjoyed incorporating humour in their storyline and page illustrations. The fact that laughter could be heard throughout what was essentially a statistics lesson was very encouraging as it demonstrates that it is entirely possible to have an enjoyable statistic teaching strategy that, according to the students, also helped them learn an introductory statistica l concept. This is in line with the findings of Neumann et al.'s (2009) study that found students to be more motivated in their statistics learning process when they were able to include humour in their statistics learning.

Implications

The study highlights the potential benefits of using creative story writing, particularly in the picture book format, as an effective introductory statistics learning tool for non-statistics-specialist students. Such benefits are both cognitive and affective in nature. Additionally, whilst the students in this study were undergraduate students, this study would argue that both high school and postgraduate students would too find the approach beneficial.

Limitations of the study

The participants in the current study created their story in an arguably clinical setting, as opposed to their authentic learning experience. Additionally, it is important to remember that these participants volunteered to be part of the study. Taken together, it can be argued that the views and attitudes of this group of participants might be potentially different from those who are required to engage in creative writing as part of their course. Thus, any findings emerge from this study must be treated with caution, and this highlights the need for this study to be replicated in an authentic learning environment.
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