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Demand for skillsets in data analysis and computing has been rising quickly in recent years, but
academic programs that prepare students for these positions still struggle with retention issues. In
addition, statistics graduates are not representative of all parts of society, with women and people of
color, among others, being underrepresented. We therefore look at those who enter a statistics major
to understand how they navigate their program and find belonging. For the analysis of incoming
undergraduates, we are guided by Levrini et al. (2015), who propose to look at identity development
through the lens of disciplinary appropriation. Using the example of three students, we show that the
operationalization developed by Levrini et al. (2015) is suitable for examining disciplinary
appropriation at the beginning of studies. We present the operationalization and discuss how we made
it usable in a domain- and target group-specific way.

INTRODUCTION

Many facets of statistical work require creativity, curiosity, and personal judgment to be
exercised by the analyst (e.g., Bailyn, 1977; Wild et al., 2018). Statistical analyses are therefore not
independent of the statistical analyst, but the analyst plays a substantial role in the statistical process
and for the insights gained. The statistical analyst makes decisions in data collection, processing,
analysis, and interpretation that influence statistical results and their reception. Therefore, it matters
for statistical practice who the statistical analyst is. From this, in turn, it can be deduced that it does
matter who becomes a statistical analyst.

However, we know from many STEM fields that the group of people who take up such
professions is far from representative of the rest of society (Fry et al., 2021). In almost all societies of
the world, women are underrepresented in these areas. The same is true in the Western World for
many people of color, who have been historically excluded from needed resources and struggle to find
belonging in STEM spaces (Grossman & Porche, 2014; Rainey et al., 2018). Furthermore, students
from underrepresented groups who enter STEM degrees have higher attrition rates, and those who do
persist often finish with lower grades (National Center for Science and Engineering Statistics, 2023;
Whitcomb & Singh, 2021).

However, the problem of lack of representativeness of those who choose STEM professions is
only one component to the fundamental problem that fewer people complete a STEM program than
are in demand. This problem can also be seen to be composed of too few people choosing STEM
programs and higher dropout rates compared to other programs (National Center for Science and
Engineering Statistics, 2023; Sithole et al., 2017). STEM disciplines therefore face the challenge of
having to attract more young people and to retain them in the field more successfully than before. In
this context, the low representation of women and minorities is also an opportunity for the future, as it
offers the possibility of achieving higher overall numbers by addressing these groups of people in
particular. If one wants to develop such an approach, the questions about the reasons for the lower
participation of these groups of people and about the possible successful strategies to win them over
are interlinked.

One approach to address this linkage is to look at role models and identity formation. Looking
at reasons for low participation in STEM programs, Kricorian and colleagues (2020) show that a lack
of role models, especially for women and people of color, is a barrier toward entering a STEM
program. To this end, Singer and colleagues (2020) show that young people's identity formation is a
major factor that makes young people without role models less likely to enter STEM programs than
those with role models within a STEM profession.

Based on these findings, it can be inferred that the role of a STEM discipline in identity
formation is an important factor in determining which program of study an individual chooses and
how likely he or she is to remain in that field of study. Therefore, it is important to understand how the
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process of identity formation plays out in relation to the role of a potential field of study. This paper
addresses this challenge by using the example of three case studies of students at the beginning of a
statistics major in an attempt to understand how they have already made statistics a part of their
identity at the beginning of their studies. Insights into this process could help better guide future
students along the path of this identity formation, thus attracting students to statistics and retaining
them in statistics.

In this regard, statistics seems to be a suitable discipline for such an investigation because,
like other STEM disciplines, it is not very diverse (Lorah & Valdivia, 2021) and is also perceived as
homogeneously male and white by young people (Taasoobshirazi et al., 2022).

In statistics education research, it has already been registered in the past two decades that
statistics must not be understood as a rigid object, but that its reception is relevant for its visibility as
well as its application. For example, Rolka and Bulmer (2005) and Bond et al. (2012) have reported
insights into how statistics is perceived by students. More recently, Justice et al. (2020) and Findley
and Berens (2020) have developed more advanced conceptualizations in which different belief
systems about statistics are conceptualized. What all these studies have in common is that statistics is
not understood as a fixed system, but as a domain that is subjectively perceived and understood. At the
same time, however, all studies stop at the individual perception of statistics and do not take into
account how personal factors and developments shape one's view of statistics.

In this context, Levrini et al. (2015) suggest connecting students' identity development to their
personal perception of a discipline. Only then, they argue, can the complex interactions in learners'
engagement with a discipline be explored and how learners gradually appropriate the discipline in this
process be understood.

DISCIPLINARY APPROPRIATION

Following the modern discourse on identity, Levrini et al. (2015) first state that “the self can
no longer be perceived as something that is assigned or given in modern societies but rather is
something one has to choose and develop through a reflexive construction of one’s own personal
story” (Levrini et al., 2015, p. 95). This is initially good news for statistics, as it would mean that in an
identity that is not fixed, the role of statistics is not fixed either, but evolves in discourse and
reflection. Disciplines such as statistics thus have the opportunity to actively influence what role
statistics plays in learners' identities by shaping discourse with learners. At the same time, the
discursive nature between identity formation and statistics provides an entry point for research in
which the process of identity formation becomes observable in interaction with statistics and in
reflections on statistics.

In this regard, Levrini et al. (2015) emphasize that this view of identity development involves
an important shift in perspective:

Within science education research, productive science learning usually refers,
more or less implicitly, to the ability to participate in scientific discourse. In
contrast, our perspective emphasizes that learning is seen as productive if it

includes a transformation of scientific discourse that allows science learning to

contribute to students’ self-identities. (Levrini et al., 2015, p. 96)

Taking this perspective, the need arises to make visible these contributions to student identity
formation in order to determine the extent to which learners have appropriated a discipline such as
statistics for themselves. In this context, Levrini et al. (2015) define disciplinary appropriation as
follows:

Appropriation is a complex and reflexive process of transforming scientific
discourse (scientific words and utterances) so as to embody it in one’s own
personal story, respecting disciplinary rules and constraints. The process of
transformation involves one populating scientific discourse with one’s own
intentions, idiosyncratic tastes, and purposes in order to make it sensible not only
for oneself but also with respect to one’s way of participating in the social context
of the class. (Levrini et al., 2015, p. 99)
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One challenge of this definition is its low specificity and its difficult operationalizability. In
their research, Levrini et al. (2015) therefore use qualitative material on physics lessons from an
extended intervention on thermodynamics in an Italian secondary school class (grade 12) to develop
five markers by which disciplinary appropriation can be recognized. These markers function both as a
refinement of the definition of disciplinary appropriation and as a tool for operationalizing the
definition. The markers can be briefly described as follows:

1. The salience of an idiosyncratic signature idea of the individual student. For example, this makes
itself apparent in words or phrases that an individual repeatedly uses to talk about the discipline,
while other students do not use them. From these word choices and from the way of talking about
the discipline, an individual view of the discipline is established.

2. Disciplinary grounding. The student uses his or her idiosyncratic idea to absorb knowledge
provided to him or her and to build his or her own body of knowledge about the discipline.

3. Signs of depth and thickness in thinking about the discipline. In this context, metacognitive
reflections on the relevance of the discipline (for the individual) and epistemological reflections
are understood as thick thoughts.

4. Carrier of social relations. A sign of disciplinary appropriation here is when students define their
own role in the discipline or use the discipline to define a role for themselves as a person in a
social structure, for example, wanting to be a consultant for the discipline in a heterogenous team.

5. Repetition of signs of the first four markers across different forms of qualitative data or at multiple
points in the same material.

Disciplinary appropriation is then identified by Levrini et al. (2015) in the synopsis of all
markers. However, not all markers are to be regarded as equally important and independent. The
idiosyncratic idea from the first marker is the basis for the disciplinary grounding in marker two and
the formation of social relations in marker four. It thus has a special role. The repetitions from marker
five are rather to be understood as general quality assurance, similar to the cross-validation in other
methodological approaches. Only the thickness of thinking about the discipline as a marker stands
somewhat on its own.

METHODOLOGY

In this exploratory study, we conducted qualitative case studies to understand the disciplinary
appropriation of statistics by first-year students majoring in statistics. In Fall 2022, six students
responded to our interview call, which was sent to all incoming first-year statistics students at a large
university in the Midwestern United States. We present three of the six who responded to the
interview here, one identifying as female, one as male and one as non-binary. We do not attempt to
generalize these results to a larger population. We consider the three students presented as what
Creswell and Poth (2016) describe as instrumental cases, on which the phenomenon of disciplinary
appropriation can be observed.

Between one and two of the authors jointly conducted semi-structured interviews with each
student. Similar to the Draw a Scientist Test (Chambers, 1983), we asked, "Who is statistics?" and
asked students to draw a picture personifying statistics and to explain their drawings (Malaspina,
2018). We also asked students to share characteristics needed to be a successful statistician, their past
experiences with courses or projects in statistics, and to describe their motivation for studying
statistics. The semi-structured format allowed for a conversational style where we could follow up on
important ideas and encourage students to elaborate further. Interview transcripts and students'
drawings formed the primary data sources for the study. Secondary data were the researcher's audio
conversations of impressions after the interviews and written notes recorded during data collection and
analysis.

The analysis of the data was conducted in five steps. In the first step, four researchers from the
field of statistics education conducted independent coding of the interview transcripts, coding both In
Vivo and the occurrence of the five markers. As a second step, the researchers met to discuss their
codes of the markers. In the third step, the results were aligned with the In Vivo codes. In the fourth
step, case characteristics were developed from these on a case-by-case basis to describe and embed the
disciplinary appropriation of statistics. In the final fifth step, the utility of the markers to the overall
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process was discussed and evaluated. This way, it will be presented here how the five markers
presented by Levrini et al. (2015) can be used to investigate disciplinary appropriation of statistics at
the beginning of the undergraduate studies.

RESULTS
As results of our analyses, we first present salient characteristics of the three cases before
analyzing the utility of Levrini et al.'s (2015) markers.

Sami

Sami was drawn to statistics through their affinity to mathematics and their positive
experiences in Advanced Placement (AP) Statistics. They describe statistics as a discipline that might
let them combine their mathematical strengths with real world issues. While Sami did acknowledge
the uncertainty that comes with making claims from statistics, their epistemology for statistics centers
on using correct procedures. They emphasize the importance of doing one’s work carefully, checking
that data or calculations were done correctly, and keeping one’s work neat and organized. We see
Sami as a “Data Inspector” who sees themself managing details to ensure things are done correctly.
They self-describe as a “Type A” person who feels satisfaction when working through a math problem
and finding the answer. At the same time, they want to feel that they are contributing to a larger
mission and that they are making a positive difference. This was reflected in repeated words and
phrases like “love”, “advocacy,” “education,” and “options.” But when talking more about their
experiences with statistics thus far, they use terms like “memorization,” “procedures,” and “detail-
oriented.” We found Sami’s descriptions of statistics to have shadows of disciplinary authenticity, but
without a clear personal signature for how these pieces connected to their passion for advocacy work.
They recognize how statistics can be useful in application, but they struggle to articulate how
statistical work itself has the power to solve real-world problems.

Liam

Liam is an aspiring baseball analyst, and this aspiration inspires his personal signature idea for
statistics—to find hidden patterns in data that inform strategic decisions. His knowledge of statistics
and mathematics were encouraged by his high school teachers in AP Statistics and Calculus. He shows
an understanding of the discipline that goes beyond introductory - describing the work of statisticians
and data scientists through experimental design and research as well as writing reports based on
observational studies noting that statisticians and data scientists are “analyzing and interpreting data
sets...like studies and experiments...analyzing other ones that have happened and seeing if they could
draw their new interpretations from data that was already found.” Liam also acknowledges the role of
programming and coding within the discipline, stating “I could see working in different coding
languages and working on technology to create new tools to help data be analyzed easier.” Common
repeated words and phrases included “communication,” ‘“analytics,” and ‘“cooperation.” He
emphasizes communication and patience. We describe Liam’s intended social role as a “Data
Interpreter.” He takes information and finds meaning in the “hidden numbers.” He seems to grasp the
metacognitive when reflecting on how the ideas of analytics within baseball extend beyond just that
sport as he weakly connects the epistemological dots, “I think that you could apply that knowledge to,
maybe not even baseball...and find different ways to use that sort of analysis.” He certainly is directed
toward sports statistics and analytics, where the truth is in the data, but can vary depending on the
interpretation and perspective.

Priya

Priya described rich experiences in a summer internship and watching weekly open
international “causal inference seminars” that drew her into a statistics community that she sees as
diverse and welcoming. Her statistics person is “open to new foods, new people” and seems to match
her keen interest in considering new ideas. Priya sees herself as a novice member of this welcoming
community where members can ask questions and consider new ideas. Paired with her relationship-
centered perspective, her signature identity is a vision of statistics as a versatile field where she can
ask questions and work with a diverse community to answer those questions. Thus, we see Priya’s
social role in statistics as a “co-investigator.,”Common repeated words and phrases related to
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relationships, work-life balance, and taking time for mentoring/helping others as well as notions of
passion, ideas, and interest helped paint her identity as a novice learner in the statistics community.
While Priya’s experiences exploring alongside other statisticians were rich and grounded in
disciplinary notions of collaboration, open-mindedness, curiosity, and the important role of coding,
our group wondered whether her enthusiasm for statistics is specific to statistics, or reflects
enthusiasm for scientific discovery, more generally. We also did not yet see evidence of thick
metacognitive or epistemological dimensions that might support a more established identity as a
statistician.

The five markers as operationalization of appropriation of statistics

Due to the high importance of the idiosyncratic signature idea for disciplinary appropriation in
Levrini et al. (2015), it is indeed helpful to start the analysis of the data with this marker. Also, it may
explain why our group's discussions tended to frequently gravitate (back) to the signature idea.
Following Levrini's analyses, looking for frequently repeated words and phrases proved to be a helpful
first approach in our work to identify the idea. Our experience shows that matching the idea contained
in these words with, for example, reported experiences and depictions about the "statistics person"
reveals a high degree of congruence. Also, the comparison of the initial codes of the four coders
showed high agreement. Nevertheless, extensive discussions were necessary to transform shared
impressions into communicable expressions. However, once such a version of the idiosyncratic idea
was achieved, even this one marker gave a good impression of how the student was potentially
appropriating statistics into their identity.

The search for disciplinary groundings in the interviewees' responses also proved clear in our
analytical discussions. More difficult to see, however, was how disciplinary grounding relates to the
individual’s idiosyncratic idea. For example, Sami’s perspective of statistics was rooted in more
procedural activities of inspecting data and ensuring accuracy, which seemed disconnected from her
passion for advocacy and education. We theorize that Sami does not yet have a personal signature idea
for statistics that is grounded in the discipline..

For some cases, it was straightforward to identify how students viewed statistics as a carrier of
their social role,, while in others, it was quite difficult to tease apart., Priya, for example, hinged her
signature idea of statistics as a community rich with research opportunity. This naturally extended to
her positioning as a Data Co-investigator. In contrast, Sami’s positioning herself as a Data Inspector
seemed at odds with her desire to question norms and effect positive change for real-world issues.
However, we recognize the limitations of drawing inferences from only one interview, and it likely
will take more time and data to see how each student’s perspective and sense of belonging in statistics
materializes.

The most difficult to identify was the thickness of thinking about statistics. We find very
limited metacognition or epistemological reasoning in our data, and what evidence for these markers
we did find tended to be implicit. However, this may also be due to the fact that our interviewees are
still at the very beginning of their studies and answers gain thickness at later points in time. For these
early interviews, however, we have found the marker to be of little use so far in detecting disciplinary
appropriation.

We considered the marker of repeated occurrence of findings across different points in the
material primarily within our matching of markers to In Vivo codes. Fortunately, this showed that the
findings found were mostly consistent across multiple sites. We interpret this as a positive sign for the
handling of the markers and for their ability to represent disciplinary appropriation.

CONCLUSION

The above-mentioned reflections on the use of the markers suggest that the markers are
suitable for identifying and describing disciplinary appropriation in students already at the beginning
of their studies. They help to elucidate students’ evolving disciplinary identity and their early sense of
belonging in the field. What role the markers can play in observing identity development will be
explored in further analyses of interviews at later time points. We hope to be able to trace the path of
identity formation within the study of statistics across their full Bachelor’s degree programs and to
identify successful pathways into the discipline.
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