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Small-N studies1 have been relatively uncommon in biology education research and 
are likely less familiar to instructors and administrators than large-N studies. Nev-

ertheless, many scholars in the social sciences have argued for the value of small-N 
studies in informing research and practice (e.g., Flyvbjerg, 2006). As in medical 
research, small-N case studies allow for deep examinations of phenomena in real-life 
contexts, shedding light on the underlying mechanisms and providing a rich basis for 
practitioner knowledge.

This group of recent papers illustrates how small-N studies can make contributions 
to education research and practice. Each explores and proposes new ways of thinking 
about familiar concepts (e.g., identity, nature of science, emotion, self-efficacy) and 
builds theoretical connections among them in order to explain student learning. In 
doing so, these studies raise new questions that can drive forward emerging research 
paradigms in biology education research (Dolan, 2015) and provide thought-provok-
ing implications for biology instruction.

Quan, G. M., & Elby, A. (2016). Connecting self-efficacy and views about the 
nature of science in undergraduate research experiences. Physical Review 
Special Topics—Physics Education Research, 12, 20140. http://doi.org/10.1103/
PhysRevPhysEducRes.12.020140

An increasingly important goal of biology education is to support students’ develop-
ing confidence as scientific researchers—their self-efficacy for scientific research (e.g., 
Ainscough et al., 2016; Olimpo et al., 2016). Participation in undergraduate research 
is expected to increase students’ self-efficacy, and students frequently self-report 
increased feelings of confidence after such experiences (Seymour et al., 2004). So is 
shifting self-efficacy simply a matter of providing students with more research experi-
ences? Quan and Elby conducted case study analyses to explore potential mechanisms 
underlying this link.

The context of their study was an undergraduate research program for physics 
majors. Students conducted research mentored by a faculty member and attended a 
weekly group seminar. Quan and Elby used interviews and recorded discussions from 
the seminar to explore shifts in self-efficacy in these students. Through an analysis of 
data from three students, the authors propose a “tentative directional link” between 
self-efficacy and students’ ideas about the nature of scientific research.

Two cases illustrate the directional link. While they differ in the details, each 
describes a student’s shift from expecting scientific research to be driven by infallible 
experts to seeing research as a collaborative endeavor involving uncertainty and 
improvisation. In both cases, these shifts in understanding the nature of scientific 
research made space for the undergraduate students to feel like they could meaning-
fully contribute within the research community. A third contrasting case illustrates 
how a lack of shift in self-efficacy was linked to a lack of productive views on the nature 
of scientific research.
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1By small-N studies, I mean studies that examine one or a few individuals (typically fewer than five). Timescales 
of such studies can range from analyses of moments to years, and typically employ one or more qualitative 
methods (e.g., ethnography or discourse analysis). What unites small-N studies is that they seek to investigate 
chosen cases in depth and in context, rather than making statistical claims based on large numbers.
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Quan and Elby use these cases to argue for a novel concep-
tualization of self-efficacy in scientific research: it is not just 
the degree to which students see themselves as capable of 
doing science; it is also how they understand the practice of 
science itself. The authors argue that this coupling raises ques-
tions and concerns for science education researchers. They 
show how, for example, it complicates interpretations of 
self-efficacy reported on survey instruments. A student’s 
self-reported increase in self-efficacy related to some aspect of 
scientific research could be interpreted in two ways. In one 
interpretation, the student has become more confident in his 
or her abilities. In a second interpretation, the student has 
changed his or her understanding of what that aspect of scien-
tific research entails, possibly reframing it as something he or 
she could already do.

The two interpretations represent different mechanisms for 
increasing students’ self-efficacy in scientific research and 
have different implications for instruction. The former sug-
gests a need to focus on building confidence; the latter a focus 
on how we represent scientific research and position students 
within it.

Jaber, L. Z., & Hammer, D. (2016). Learning to feel like a 
scientist. Science Education, 100(2), 189–220. http://doi 
.org/10.1002/sce.21202

Recently, the biology education community has begun to 
place more emphasis on understanding the role of students’ 
interests, motivations, and emotions as related to their learning 
(e.g., Lovelace and Brickman, 2013; Trujillo and Tanner, 2014). 
Much of this research demonstrates correlations between affect 
and/or motivation and performance. We know less about the 
origins of students’ affective responses, how they develop over 
time, or how to cultivate them.

Jaber and Hammer present a case study of a young girl, 
Sandra, who described herself as so interested in science that 
she was “hooked in.” Their aim in studying Sandra’s case was 
to gain insight into the mechanisms that fostered this inter-
est. Through analyses of classroom episodes from Sandra’s 
fourth- and fifth-grade science classes and interviews with 
Sandra in sixth and seventh grade, the authors describe how 
Sandra’s affect and motivation (feelings of joy, ownership, 
persistence) were tied up in her disciplinary contributions 
(arguments, discussions, and experiments in her science 
classes). In one example, they describe how Sandra was cap-
tivated by the challenge of using a magnet to generate 
motion. In another episode, they describe her persistence in 
understanding a fellow classmate’s ideas about where water 
goes when it evaporates.

Analyses of moments like these show that Sandra’s interest 
in science emerged not just because her science class was “fun” 
in a general way, but because Sandra was excited by and drawn 
into the intellectual work. The authors define the affect and 
motivation in these moments as epistemic to emphasize that 
they are tied to the production and evaluation of scientific 
knowledge. They conjecture that repeated experiences of inter-
twined emotional and epistemic work within science could give 
rise to more stable interests toward science.

For researchers, this article underscores the need to investi-
gate how moments of epistemic affect and motivation emerge 
and to understand the impact such moments have over time. 

For practitioners, this article proposes the need to design learn-
ing environments that cultivate feelings of joy, frustration, or 
passion as central to the work of learning to do science.

Danielak, B. A., Gupta, A., & Elby, A. (2014). The marginal-
ized identities of sense-makers: Reframing engineering stu-
dent retention. Journal of Engineering Education, 103(1), 
8–44. http://doi.org/10.1002/jee.20035

The final paper in this set uses a case study analysis to pro-
pose a new way to think about the problem of student retention 
in science, technology, engineering, and mathematics (STEM) 
fields. Prior research has reported on associations between 
retention and students’ identification with, and sense of belong-
ing in, STEM disciplines (e.g., Hunter et al., 2007; Nostrand 
and Pollenz, 2017).

Danielak, Gupta, and Elby propose the need to draw atten-
tion to the epistemological dimension of identity—how one 
thinks about oneself as a knower and learner. They present the 
case of Michael, an engineering student, whose identification as 
a “sense-maker”—someone who actively seeks deeper concep-
tual understanding—contributed to his feeling marginalized in 
an engineering program.

Using interviews and ethnographic observations, the authors 
make a series of interrelated claims: 1) Sense-making was an 
integral part of Michael’s identity; 2) Michael perceived the cul-
ture of the engineering department, with its focus on computa-
tional correctness, to be at odds with this identity; 3) this mis-
match created a tension for Michael that caused him to feel 
“punished” and marginalized within his engineering major; and 
4) this tension was enough to cause Michael to consider leaving 
the major.

The authors acknowledge that Michael is not a “typical” 
engineering student. He is, in fact, a very high-achieving stu-
dent, extremely reflective, and uncommonly articulate about 
his own approach to learning. For that very reason, they argue, 
if a student like Michael is feeling pushed out of engineering, 
a closer look at what is happening for other students is war-
ranted. In this way, Michael’s case is “revelatory,” in that it 
draws attention to the understudied relationship between the 
epistemological aspects of learners’ identities and their sense 
of belonging in and trajectories through programs of study.

The authors end by proposing an expanded notion of reten-
tion: “We argue that retention in engineering education should 
encompass both students and practices. In other words, improv-
ing retention should not be simply an effort to attract and retain 
more people; it should also be a mission to encourage and sus-
tain engineering’s core disciplinary practices through peda-
gogy” (p. 34).

In biology education, we might ask not just how many stu-
dents we are moving through the biology major, but also what 
kinds of learning experiences within biology are drawing stu-
dents’ attention and interest? How does what matters to stu-
dents align with what they perceive as valued by courses and 
programs?

In closing, these papers illustrate two ways small-N studies 
contribute to education research: by refining definitions of 
familiar concepts and by proposing tentative hypotheses about 
relationships among them. These contributions can produc-
tively complicate and complement the knowledge we gain 
from large-N studies by challenging us to reconsider what we 
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may (or may not) be measuring and by illuminating possible 
mechanisms underlying statistical correlations. Furthermore, 
the rich descriptions provided by small-N studies can deepen 
our collective expertise as practitioners by providing glimpses 
into the complex reality of how learning to participate in sci-
ence unfolds for individual students.
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