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ABSTRACT

Background: The complex nature of engineering education requires methodologies that
enable insight into dynamic and multifaceted phenomena.

Purpose: This paper describes a roadmap for applying phenomenologically based
interviewing as an approach for understanding engineering students’ lived academic
experiences.

Scope: To demonstrate the methodology in practice, the paper offers an exemplar
of its use in a study of women’s experiences learning through making in academic
makerspaces. Specifically, the example showcases the power of this methodology for
generating cognitive and behavioral typologies in engineering education research.

Discussion/Conclusions: Phenomenologically based interviewing holds potential
to generate rich datasets toward the discovery of a wide range of areas of interest in
engineering research. The lived experiences of women students illuminates both breadth
and depth of learning through which they engage as participantsin academic makerspaces.
A wide variety of complex phenomena and understudied populations can be examined
in engineering such as the influence of past experiences, developing typologies, team
processes over time and gaining insights into process changes overtime. For the example
presented, the interviews resulted in a typology of learning through making.
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INTRODUCTION

Qualitative interviewing processes are important for engineering education as they highlight
context as a critical feature of the phenomena studied, and they enable transferability with findings
explained through thick descriptions of behaviors and contextually driven explanations (Borrego
et al., 2009; Geertz, 1973; Hoepfl, 1997; Van Note Chism et al., 2008). In engineering education,
in-depth interviews have been used to provide insights into conceptual change associated with
students’ understanding of mechanics of materials (Brown et al., 2018), students’ perceptions
of their experiences of engineering problem solving (Kirn & Benson, 2018) and problem-based
learning (Dahlgren, 2003), and the learning experiences of Taiwanese women studying engineering
(Chou & Chen, 2015).

Although many qualitative researchers productively use single interviews following semi-structured
protocols, the depth and complexity of participant experiences may also be suitable to alternate
approaches. To that end, in this paper we describe a qualitative interviewing process based on
Siedman’s (Seidman, 2006) phenomenological, in-depth interview processes, which relies on a
sequence of three guided interviews. To illustrate this approach, we describe a case study that uses
Phenomenologically Based Interviewing (PBI), coupled with more traditional qualitative coding
methods, toward understanding interviewees lived experiences as they relate to learning and
practicing engineering. Specifically, the methodology is applied to explore women’s experiences of
learning through making in academic makerspaces to show the methodology’s broader potential
for qualitative research designs in engineering education. This paper uses a layered format in
which the case example of women’s learning in makerspaces immediately follows descriptions of
each step in the method such that readers can view the application of PBI at each stage. Passages
specific to this case example are italicized for clarity, beginning with the rationale for the use of PBI
for studying women’s learning through making.

We found this PBI methodology to be particularly valuable in engineering education as it mirrors
how engineering students contextualize their work providing key insights into the students
complex and abstract lived experiences, enabling understanding of learning processes as
the student perceived them unfolding, and allowing students to share the meaning that they
connect with those processes. We originally employed PBI to understand the types of learning
(Tomko, 2019) that occurs through making and in makerspaces and the differences in learning in
different engineering-centered makerspaces (Saracino, 2021; Saracino et al., 2021). We chose PBI
because we believed that the rapport-building aspects of in-depth, three-part interviews would be
necessary for answering our research questions. Our rich, contextualized data gave insights into
significantly more than expected: the gendered expectations serving as barriers occurring through
women’s life narratives related to making (Tomko et al.,, 2021), the importance of engaging and
immersive catalysts for creating making opportunities, especially for women (Tomko et al., 2021,
Tomko et al., 2020), the role of verbal and nonverbal affirmations in fostering a supportive making
community (Tomko et al., 2020), the importance of structured and unstructured opportunities
to explore creative pursuits pre-college, and the role of community, both during college and
before (Tomko, 2019; Tomko et al., 2021; Tomko et al., 2020). It is through this lens of unexpected
discovery that we share PBI and illustrate its use in engineering education herein.

)

CASE EXAMPLE: USING PBI TO STUDY LEARNING THROUGH MAKING

Phenomenologically Based Interviewing (PBI) is particularly useful for exploring research questions
seeking to understand phenomena through individuals’ lived experiences in complex, and at
times, unknown environments. For the following reasons, this methodology enabled the authors
to identify the types of learning women students experience through making and in makerspaces:

* Asinformal, interactive, collaborative, self-paced, and problem-based learning environments
(Halverson & Sheridan, 2014; Lande & Jordan, 2014; Litts, 2015), makerspaces are complex
environments to study.

*  While billed as democratized learning spaces (Dougherty, 2012; Hatch, 2014), there still
remains powerful societal constructions that assign gender to making and designing
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(Meyer, 2018). Men occupy 81% of the maker movement, and women makers are an
underrepresented and understudied population.

e Little empirical evidence exists (Weiner et al., 2018) that shows the value of making
experiences and makerspaces for the professional development of STEM students in higher
education, thus more targeted quantitative approaches are difficult to deploy effectively.

Consequently, the authors sought a methodology that matches the complexity of these adaptive,
dynamic, and interactive learning environments and have arrived at phenomenologically based
interviewing.

The overarching goal of this paper is to provide engineering education researchers with a
methodological roadmap for data collection grounded in phenomenologically based interviewing
as well as to champion the value of qualitative research for research endeavors in engineering
education. Toward this goal, the methodological roadmap is interwoven with the authors’
experiences using phenomenologically based interviewing to demonstrate its valuable use and
application in engineering education research.

BACKGROUND
QUALITATIVE RESEARCH

There are numerous characteristics of qualitative research that both showcase its value for
building knowledge and highlight how it differs in important ways from the assumptions and goals
that underlie quantitative studies. First, qualitative research seeks to provide rich descriptions and
understanding of phenomena as a means to create transferable knowledge that can be applied to
other research sites (Hoepfl, 1997), in contrast to the primary goal of generalizability that guides
quantitative studies. Because of the need for both complex and resonant descriptions, in-depth
interviews, focus groups, observations, and textual analysis of open-ended questions in surveys
are commonly employed (Borrego et al., 2009; Golafshani, 2003; Leydens et al., 2004; Patton,
2002; Van Note Chism et al., 2008). Second, qualitative research values creating knowledge in
situ, highlighting the context as a critical feature of the methodology (Borrego et al., 2009; Van
Note Chism et al., 2008). The contextually driven nature of qualitative methodologies requires
a detailed understanding of the setting in which the phenomenon is occurring. As a result,
systematic qualitative data collection and analysis are time-consuming, specifically due to the
iterative processes involved in generating and refining context-appropriate research questions,
ensuring procedural and relational ethics, and acquiring sound and complete findings from the
data. Third, findings in qualitative research, and most specifically ethnographic work, center the
voices of the participants over that of the researcher’s interpretations to enhance the readers’ deep
understanding of the phenomenon being examined from the community members’ perspectives.
Such rich descriptions enable in-depth insights into people’s lived experiences, which is particularly
important when exploring new environments and understudied populations whose voices may be
lost or marginalized.

STORIES AND SENSEMAKING THROUGH INTERVIEWS

Interviewingis aparticularly effective method for gaining richinsightsinto people’s lived experiences
by eliciting stories of a person’s “lived world” (Kvale, 1996, p. 4) through a “guided conversation” in
which one person asks questions and actively listens, and another responds (Rubin & Rubin, 2012).
Stories elicited in the context of interviews help researchers to understand the ways that people
make sense of phenomena and organize their experiences. Indeed, a story is a way of knowing,
and the act of telling a story prompts meaning-making (Seidman, 2006). Interviews also situate
the voices of the participants and their stories within a context. The participants’ experiences
placed in the context of their personal narratives inform the meaning and reasons behind their
engagement in a particular phenomenon. Then, “by putting together descriptions from separate
interviewees, researchers create portraits of complicated processes” (Rubin & Rubin, 2012, p. 3).
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PHENOMENOLOGICALLY BASED INTERVIEWING (PBI)

Phenomenologically Based Interviewing (PBI) is a particularly useful methodology for examining
complex issues in engineering education, such as learning. PBI is an iterative interviewing process
that uses open-ended questions aimed at inviting participants to reconstruct experiences that
pertain to a specified topic of interest and reflect upon the meanings of those experiences. The
interviewing methodology described in this paper is adapted from Seidman’s (2006) in-depth
phenomenologically based interviewing approach, a process which includes a series of three
90-minute interviews with each participant in a study. Seidman’s approach has been widely used
to study educational contexts, including the experiences for first-year English teachers (Cook,
2009), the experiences of both ESL teachers and ESL students (Gabriel, 1997; Young, 1990), and
the experiences of student teachers (Compagnone, 1995; O’Donnell, 1989), among others.

This form of interviewing is particularly useful for generating rich, in-depth accounts of the lived
experiences of understudied and marginalized populations (Seidman, 2006). For example, it has
been used to illuminate the unique experiences of understudied or underrepresented groups
such as African American performance artists and Black jazz musicians who teach at collegiate
or university level (Hardin, 1987; Jenoure, 1995), and gendered issues in student teaching (Miller,
1997). As previous research demonstrates, PBI proves useful for exploring topics in educational
contexts, highlighting the experiences of understudied or underrepresented populations, and
unpacking complex phenomena. Our research questions about learning in makerspaces matched
well with three-part phenomenological interviews. Specifically, we asked: how are academic
makerspaces supporting learning for women students? And from this primary question, the following
three questions were also posed.

1. How are women students navigating pathways into and through makerspaces?
2. What different types of learning are reported by women users in academic makerspaces?

3. How are women students’ making competencies developing?

IN-DEPTH PHENOMENOLOGICALLY BASED INTERVIEWING (PBI)

In-depth Phenomenologically Based Interviewing (PBI) as articulated in Irving Seidman’s (2006)
Interviewing as Qualitative Research is a specific process of open-ended reflexive interviews
designed to “[explore] complex issues in the subject area by examining the concrete experience
of people ... and the meaning their experience had for them” (Seidman, 2013, p. 15). This reflexive
interviewing method couples the frameworks of life history interviewing (Bertaux, 1981) with in-
depth interviewing based in Alfred Schutz’s phenomenology. It is through eliciting of participants’
life story about a particular phenomenon of interest that researchers can garner an understanding
of the complex “stocks of knowledge” (Schutz & Luckmann, 1973, p. 7) and the tacit, taken-for-
granted meanings associated with a particular setting. In short, PBI illuminates the processes
and meanings through which individuals come to have particular forms of knowledge in a given
context and how that knowledge enables them to participate successfully with others within that
cultural context. In the following, we briefly describe the contributions of life history interviewing
and Schutz’s phenomenology to PBI to better understand the assumptions that underlie processes
of data collection and analysis.

Life history interviews, oral histories, and life story interviews hold one thing in common: they
focus on and honor the subjective experiences of the storyteller. Quite simply, “life history
interviewing is a research method that is designed to record an individual’s biography in his
or her own words ... Life histories provide a means of accessing people’s narrative accounts of
their lives and of the changes that have occurred within living memory (Jackson & Russell, 2010,
p. 172). Interviews that focus on the storytellers’ accounts of their lives are particularly helpful
toward understanding how one’s identities are shaped over time (Atkinson, 2007; McAdams,
Josselson, et al., 2006) and have been used in educational research to understand identity
development (McAdams & Guo, 2014), as well as to understand the gendered experiences of
engineering students (Walker, 2001). Life story interviews are often structured around major
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turning points in a person’s journey, creating opportunities for interviewees to explore each
chapter of their life reflectively (McAdams & Guo, 2014)—what McAdams et al. (2006) call “the
guided autobiography.”

Life story interviewing complements the meaning-centered roots of phenomenology. Alfred
Schutz argued that our social realities are multiple and contextually driven. Eberle (2014) describes
Alfred Schutz’s ontology that underlies how social scientists come to describe meaning-making
experiences:

And every (“normal”) actor on earth has a subjective, biographically determined

stock of knowledge at hand; uses (linguistic and pre-linguistic) typifications and is
guided by systems of relevances; orients in time and space; and relies on systems of
appresentation in order to understand others or relate to multiple realities (Eberle, 2014,
p.187).

Schutz (1970) argues that the processes of reflection are what allow humans to make sense
of and give meaning to their past experiences. “Phenomenal experience is, therefore, never
of oneself behaving, only of having behaved (Schutz, 1970, p. 67). Such retrospection allows
humans to define their experiences as separate from other experiences and important to their
understandings of self, other, and their life world.

The in-depth PBI method uses three consecutive 90-minute interviews designed to evoke a
person’s lived experiences retrospectively as first-hand narratives, through an open-ended, semi-
structured protocol. Interviews should be recorded, and the resultant data are the verbatim
interview transcriptions. To this methodology, we put forward three adaptations: an artifact to
elicit discussion and provide contextual support, a timeline for reaffirming and reframing discussion
prior lived experiences, and the use of shortened, targeted interviews following in-depth, three-
part, 90-minute interviews.

THE INTERVIEWS

Each of the three 90-minute interviews focuses on different aspects of an individual’s lived
experience as they pertain to a specific topic of interest. The individual is prompted to reconstruct
their lived experiences retrospectively to develop an in-depth portrait of their personal narrative;
following which, directive questions are posed and the interviewer points to different moments
within the participant’s reconstructed narrative inquiring about its specific relevance to the topic of
study. Seidman argues that the three interviews should be conducted in relatively close proximity
to one another, over the course of two to three weeks, to provide both the opportunity for a
sense of continuity, but also, time for reflection between each interview. In each of the following
paragraphs, the processes of PBI as outlined by Seidman (2006) are described and presented as
we have adapted them for the study of engineering education.

Case Example: The in-depth PBI process was selected in order to cultivate a relationally centered
interview experience that enabled both the interviewer and the interviewee to develop rapport
over an extended period of time thus creating a data collection process that was characterized by
mutuality, vulnerability, and deep reflection on experiences. This relationship-centered experience
was particularly important in creating the space for often unheard stories and experiences of women
makers, an added value for studying understudied populations. The in-depth PBI process examining
women’s learning through making occurred over a two-month period. To minimize distractions,
interviews were conducted on campus in a private room with a simple layout. Each was recorded
with a handheld device following participant consent. Interviews were organized around each of our
three pre-determined themes: (1) Interview One - life history; (2) Interview Two - details of making
experiences; (3) Interview Three - meanings of making experiences. The interview prompts were
focused on helping participants craft their retrospective narratives around making and learning
experiences, particularly in makerspaces, and were formatted to be open-ended and generative.
Five women participated in the study, with each participant’s total set of interviews occupying
approximately 4.5 hours.
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First Interview

The first interview in the PBI process investigates an individual’s life history in relation to the
phenomenon of interest with participants being asked to reconstruct the experiences that have
led to their current situation in regard to the phenomenon of interest. In order to gain insight into
lived experiences from a life history standpoint, the interview is centered on how rather than why;
a focus on how allows for the participant to openly describe their experiences, whereas a focus
on why would confine the scope of the interview, suggest a preconceived objective, and prevent
recollection and reflection on experiences. Phenomenological interviews are guided by a series
of prompts or “jotting” (Seidman, 2013), rather than questions. The “jottings” serve as topics for
discussion.

Case Example: The first interviews with women makers were thus designed to be guided by the
experiences of the participant and set the groundwork for the interviewer-interviewee relationship.
During the interviews, the researcher continued to bring the participant back to the meaning of their
making experiences. The following prompts were among the types used to direct this first interview:

*  How did you get involved?

e Growing up, what was it like for you creating or making thing?,
*  What attracts you to this space or type of space?

*  What inspires you to use the space?

*  Who are some people who have influenced you?

In the interviews, one participant, was asked how early childhood experiences in making and crafting
helped to contribute to her experiences at the university.

Response: [t gave me more confidence, I would say. I like being in the know, as most people do, but
I just remember the tools training we did freshman year with the trebuchets - I was sort of helping
everyone out because they’re trying to use the jigsaw, and they’re like, “Ah!” and I'm like, “I've been
doing that for years.” So, I would say it gave me like, confidence, definitely. I could go in there, and
I'was like, “Oh, I already know how you did that.” And it also made me feel kind of powerful helping
out guys in the woodshop.

Second Interview

The second interview explores an individual’s most recent lived experiences and encourages the
reconstruction of these experiences through story. In the context of engineering education, an
interviewer should strongly consider asking a participant to bring an artifact to the interview. While
artifact reflections are not part of the standard protocol as described by Seidman’s (2006) original
PBI methodology, the artifact is a particularly valuable talking point for launching a discussion
about engineering education related topics and allows for greater contextual support for the
participants’ descriptions. This modification is particularly useful for engineering design education,
where we have often found an emphasis on the processes and prototyping - a finding supported
by Douglas et al. with artifact elicitation interviews of self-declared makers recruited during the
San Francisco Bay Area Maker Faire (Douglas et al.,, 2015). We found with PBI that artifacts work
well for informing follow-up questions, thereby inviting the participant to engage a more thorough,
reflective account of the meaning involving the phenomenon of interest.

Case Example: Participants brought a variety of artifacts to the second interview demonstrating
previous experiences and personal meaning through making; a few examples are provided as Figure
1. These artifacts allowed the interviewer to ask generative elicitation questions (Tracy, 2019) that
invited a storytelling about participant’s making and deepened our understanding of the contexts,
processes, and products of their making experiences.
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Third Interview

The third interview highlights an individual’s reflection on their lived experiences. Because talking
about an experience elicits meanings (Vygotsky, 1987), meaning-making inherently occurs
within both the first and second interviews as the participant describes their past and more
recent experiences. The narrative that develops in the first and second interviews establishes a
foundation for the participant to reflect on their lived experiences. In the context of engineering
education, the interviewer may find it particularly helpful to open the interview by asking the

participant to draw a timeline on paper of their experiences around the phenomenon of interest.

Like the artifact in the second interview, the timeline is an addition to Seidman’s protocol specific
for engineering education research. Kolar et al. (2015) overview a process for employing timelines
during in-depth interviews suggesting that one should first describe a timeline to the participant
followed by asking participants to draw their own timeline depicting their own experiences. Similar
to Kolar et al. (2017), we have found that a timeline creates a starting discussion point that helps
reiterate and reaffirm lived experiences as well as fill in gaps missed in the verbal narrative of the
first and second interviews.

Case Example: For interviewees, the timeline used in the third interview provided a framework
to guide their reflection and leans into the chronological strategies used in life story interviews
described earlier in the paper. For the interviewer, the concrete timelines provided a means to
prompt discussion into previous experiences and history of making beginning with childhood and
progressing through present. This enables an interviewing process that circles back to many of the
stories told in the first two interviews and invites a reflection on the participants’ meanings of those
concrete experiences. Figure 2 is one such example from an interview participant.
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brought to the second
interview.

Figure 2 Recreated timeline
developed during a third
interview.
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Single-targeted Interview

The in-depth PBI process is time-consuming and costly. A research team would need 90+ interview
hours to obtain 20 complete three-part interviews! To mitigate this challenge, the process may be
adjusted to include shortened, single-targeted interviews. These focused 60- to 90-minute interview
protocols can be used after an initial data set is collected using the three-series interviews described
above. These single-targeted interviews can then inform and bolster the interpretations and themes
that emerge from the three-series PBIs conducted with a smaller sample size and provide an
important opportunity to refine and fill gaps in the interpretations. This interview protocol adapts
the original protocol so as to draw a concise, yet thorough narrative from the participants beginning
by asking participants to draw a timeline on paper of their experiences around a phenomenon of
interest, moving toward the clarification of theirengagement in the phenomenon, and finally, inviting
sharing of experiences involving artifacts through pictures on their phone. While these targeted
interviews limit the time the interviewer and interviewee have together to cultivate a relationship,
the design of the interviews still centers rapport building and reflection that are a central feature of
PBI and at the heart of our goal to create space for women to share their experiences.

Case Example: Following initial analyses of five sets of three-series PBIs, an additional 15 women
participated in single-targeted interviews. In these more focused interviews, participants constructed
a timeline of their making experiences, shared photos of artifacts they had made, and reflected on
their experiences learning in makerspaces. The targeted, one-hour interviews sought to confirm
the interpretations (a typology) generated through initial data analyses of the first more focused
data set and to identify any gaps in the existing interpretations. The one-hour interviews provided
a succinct approach for obtaining saturation of themes in the typology once the research became
less exploratory and experiences of the key phenomena of learning through making became clear.

Transcription of all 20 interviews was outsourced. Upon receiving transcriptions, the accuracy of
each was checked by the interviewer listening to each interview, correcting for errors, and adjusting
un-transcribed utterances or jargon.

THE INTERVIEWER

One of the goals of phenomenological interviewing is to create rapport and build trust between the
interviewer and the interviewee. Reflexive interviews are enriched when the interviewer-participant
relationship is delicate and deep, and the participant feels safe and brave to reconstruct their
experiences vulnerably. Through this process, the interviewer and participant work together to co-
create the participant’s story. This relationship is maintained during the entire three-part interview
process and ended respectfully upon completion of the interview(s) (Dexter, 1970; Mischler, 1986).
This deeply personal relationship that ideally develops between the interviewer and the participant
necessitates that the interviewer should be clearly described in the presentation of the research as
a critical component of the research methodology.

Developing the shared safety and vulnerability is critical for establishing trust. Thus, it is important
for the interviewer to take the time to inform the participant of the research and to allow the
participants to ask questions before consenting. Typically, in these three-part interviews, the
interviewer comprises the role of the main researcher establishing the interview protocol,
interviewing the participants, and analyzing the data (Seidman, 2006). In this way, the interviewer
is fully immersed in the data and understands the underlying nuances within the data. If, however,
the research team cannot maintain one researcher as the interviewer for the full research design (as
is the case for multi-university studies), the research team should ensure that only one researcher
collects the three 90-minute interviews in a set, and also, keep the number of interviewers to a
minimum. The interviewers should have similar training and communication with one another as
a means to ensure consistency of practices across the interviews.

Case Example: Interviews were conducted by a woman graduate student in her mid-twenties who,
at the time of the interviews, was studying mechanical engineering at a large public university in the
South. She holds a BS in mechanical engineering from a different public university in the Northeast.
Her training in qualitative research methods has been over the course of three years and included
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studying and implementing various qualitative and ethnographic methods, taking one course on
survey methodology, two courses on qualitative research methods, and working with four different
qualitative researchers. The interviewer’s youthful appearance (often being confused for a first-year
student), her coy personality, and shared gender identities to the participants enabled her to relate
with participants and develop rapport based on shared social locations. Her curiosity about women
and learning via making in makerspaces emerges from her own lack of hands-on making experiences
in engineering which she vulnerably and readily revealed in initial conversations with participants as
she overviewed the background and goals for the study. Rapport is an ongoing interpersonal process
created over time in each interview and deepened by vulnerability, mutuality, and deep listening.
The interviewer demonstrated active listening through asking follow-up questions designed to elicit
greater depth, paraphrasing statements to ensure understanding, and referencing specific aspects
of the participants’ narratives. She finds great inspiration in the narratives and lived experiences of
women engineering students who are making in makerspaces.

THE PARTICIPANTS

PBI requires the selection of participants who are poised to offer the greatest insight into the
meaning of the phenomenon under investigation. Purposeful maximum variation sampling is one
useful technique that enables the interviewer to identify a heterogeneous group of participants
who (or sites which) meet the criteria for the inquiry of interest. In purposeful sampling, cases
are selected based on their potential to provide rich information regarding a certain topic, as
per the available resources (Palinkas et al., 2015; Patton, 2002). Paired with purposive sampling,
maximum variation sampling pertains to selecting sites and/or people (Tagg, 1985) that are more
fully representative of the heterogeneity of the larger population and will provide relatability to a
wide audience (Seidman, 2006). In applying maximum variation sampling, one must first define
what is meant by “maximum range” in terms of population and/or sites followed by defining
who is in the population and which sites are of interest with the goal of identifying a wide range
of variation or difference across a single population (Seidman, 2013, p. 56). Seidman (2013)
warns that through this process, if the population or sites becomes unmanageable, then further
clarification is required.

Often snowball sampling will be necessary to recruit populations that are difficult to reach, such
as underrepresented student populations in engineering or students highly involved in a particular
activity. Snowball sampling is the process of initial informants referring the researcher to other
individuals who would meet the criteria of eligibility for a study (Morgan, 2008). With participant
selection, the goal is to excavate the range of possible experiences of a certain phenomenon until
there are enough cases to reach theoretical saturation. Theoretical saturation is reached when
analysis of data no longer yields new meanings (Douglas, 1976; Glaser & Strauss, 1967; Tracy, 2013).

Case Example: The interviewer recruited women who were highly involved in making at the different
university makerspaces through purposeful maximum variation sampling. Following maximum
variation sampling, the sites were defined broadly as all formally recognized makerspaces on
campus, and women were chosen who had different sets of interactions with these varied
campus makerspaces. Women were selected who identified as being of different social locations
(e.g., nationality, ethnicity) as well as who represented different majors and academic cohorts on
campus. Snowball sampling further allowed the interviewer to identify new potential interviewees
through the referrals of previous participants. These approaches were chosen due to factors that
made it challenging to identify the true size of the population: 1) women students may hold
different perceptions of the label “highly involved,” 2) students tend to have different labels for what
they deem as a makerspace, and 3) the population of women highly involved in the university’s
makerspaces is visibly low.

THE DATA ANALYSIS

Although PBI is most often thought of in the context of phenomenological analysis, there is
great value in pairing PBI as the data collection process with methods of data analysis most
commonly used in qualitative social science, particularly when working with research teams
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in which multiple team members may be analyzing the data. This departs from standards of
practice in PBI approaches to analysis that focus primarily on meanings interpreted by the
interviewer. Such a combination enables the benefits of the open and relational spaces created
in the PBI’s that empower participants to reflect deeply on their life stories in relation to a given
topic of interest, while also enabling researchers to conduct micro-level analyses of the language
that participants use to talk about a subject, narrative features of their stories, and manner in
which their reflections are connected to larger discourses in a given field (such as engineering or
making), among others. When using this combined approach, data analysis begins as soon as
the first interview is transcribed and follows an iterative process that results in the construction
of a typology comprised of an arrangement of categories or “types” as they pertain to a certain
phenomenon of interest. The following steps reveal the processes for constructing a typology from
PBI data. It is important to note that while the steps appear in a linear fashion, the procedures
themselves are iterative and continue as each new interview is collected.

Data Immersion

Qualitative analysis begins as soon as the first set of interviews are completed and transcribed,
starting with the interviewer reviewing the full set of transcripts several times to familiarize
themselves with the data and gain a holistic perspective. The purpose of the data immersion phase
is for the researcher(s) to become familiar with the data and understand its nuances. During initial
data immersion, the researcher makes analytic memos noting points of interest; these aid later
with data interpretation. Data immersion is necessary following each set of transcribed interviews.
When working in a research team, each member of that team should also engage in the data
immersion phase.

Coding

Data are analyzed through multiple cycles of coding (Saldana, 2016) where coding is the process
of interpreting meanings in the data by assigning “chunks” of data with a label or category. A code
is “most often a word or short phrase that symbolically assigns a summative, salient, essence-
capturing, and/or evocative attribute for a portion of language-based or visual data” (Saldafig,
2016, p. 4). Saldafia’s (2016) The Coding Manual for Qualitative Researchers is particularly useful
for researchers combining PBI with qualitative coding as he combines and highlights multiple
frameworks for qualitative coding creating names for coding practices for “clarity” and flexibility’s
sake” (p. 2). As Saldaa writes:

Coding is just one way of analyzing qualitative data, not the way. Be cautious of

those who demonize the method outright. And be equally cautious of those who

swear unyielding affinity to codes or what has been colloquially labeled “coding
fetishism.” I prefer that you yourself, rather than some presumptive theorist or hardcore
methodologist, determine whether coding is appropriate for your research project.
(2016, p. 3, emphasis in original)

As such, researchers combining PBI with qualitative coding are encouraged to identify the
analytical processes and types of coding that best suit their research questions (see Saldanaq,
2016). In this paper, we highlight two types of coding that he offers as a means of moving back
and forth between examining data at a micro-level and looking at how those data fit into broader
categories or types: primary cycle coding and secondary cycle coding. The process of coding
toward the development of a typology follows multiple iterative phases or steps of primary and
secondary cycle coding.

e Primary cycle coding is an exploratory process that breaks down the data into distinct
parts while examining these parts for similarities and differences (Saldana, 2016, p. 4). It
is a process of extracting and investigating attributes within the data, and one should
remain open to the possibility that their interpretations of the data may lead to a number of
potential theoretical directions in often unanticipated ways (Charmaz, 2014).
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*  Secondary cycle coding expands on the primary cycle coding, collects the codes, and
reorganizes the codes to eliminate, converge, and compare the attributes in the data so as
to build categories.

This process of identifying codes, and eventually themes, in both cycles is completed through
the iterative process of constant comparison, and “lumping” and “fracturing” data (Tracy, 2013).
Typology construction often moves back and forth between the micro-level categories identified
in primary cycle coding and the broader categories - or types - identified through secondary cycle
coding.

Example Case: In order to gain a sense of the data and to identify the emergent categories of learning,
the interviewer immersed herself in the data by reading the datasets several times. Second, she
began the process of primary cycle coding seeking to answer the question “what is this participant
learning?”. Primary cycle coding produced an extensive list of categories of learning, as the process
is meant to “open up” an understanding of the data. First-level codes reflected characteristics of
learning such as “hands-on,” and processes of learning such as “problem-solving” and “prototyping,”
and contents of learning such as “safety” and “machines,” among others.

After coding initial datasets, the interviewer grouped relationally similar dimensions and attributes
together through the processes of secondary coding, seeking to group the first level codes into
qualitatively similar types of learning. For example, attributes such as “hands-on,” “making mistakes,”
“tinkering,” and “experimenting,” along with others, were grouped together in a relational set and
labeled with the second-level code, or type “Learning by Doing.” Following this initial coding of the
data, the interviewer and two members of the team then independently reviewed a sample of the
data (approximately 10 percent of dataset one, as suggested by Campbell et al., 2013). The three
researchers discussed the emergent codes (categories of learning) through a series of collaborative
sessions to determine whether the emergent codes were fully addressing the research questions.

TRIANGULATION

While PBI data analyses as outlined by Seidman are typically conducted by the interviewer who
is fully immersed in the relationship from the data collection to the analysis of meanings (see
Seidman, 2013), when combining PBI data collection with qualitative coding using a research team
project interpretations can benefit from triangulation. Specifically, while each set of the 90-minute
interviews should be collected by a single researcher, having multiple researchers analyze data
“allow(s] different facets of problems to be explored, increases scope, deepens understanding, and
encourages consistent (re)interpretation” (Tracy, 2010, p. 843). Given the volume and complexity
of the data, this collaboration benefits from careful processes described in the following steps:

1. The complete set of interviews as transcribed should be read by the interviewer to give the
interviewer a holistic framework for data analysis, writing analytic memos, and beginning
the first cycle of open coding.

2. As broader themes or categories begin to emerge during the initial coding stage, the
interviewer should meet with co-researchers to consult with them on the emerging themes.
The co-researchers should also read the full set of transcripts and create analytic memos in
the data immersion phase.

3. The research team should discuss the initial categories of the emerging typology and ask
critical clarifying questions of each category in order to refine, distinguish, and test examples
from the data against types.

4. The interviewer returns to the next set of transcripts and repeats this process of coding and
collaborative discussion with co-researchers until no new types emerge in the data, reaching
theoretical saturation.

Case Example: The interviewer and a member of the research team refined the first level codes by
revisiting the same data set. The researchers discussed newly emergent codes and conflicts, and
the interviewer consolidated and organized the first level codes through another round of coding,
which resulted in an initial typology (a coding scheme that could be applied to additional data
collected).
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Tofurtherrefine the codingscheme, theinterviewerand a member of the research teamindependently
coded a second interview set using the previously refined coding scheme and developed new codes
as necessary. The researchers’ subsequent discussion about their coding helped to collapse and
refine categories in the coding scheme to create clearer qualitative distinctions between categories.
Having multiple coders apply the coding scheme enabled further refinement of the definitions of the
codes, particularly as a result of disagreements in coding.

Intercoder Metrics

Intercoder reliability is particularly valuable when creating a typology that may be used by other
researchers to analyze new sets of data, enhancing the applicability and transferability of the
constructed typology. Intercoder reliability refers to the ability of two or more coders to select the
same code for the same sample of text, given that the coders are in isolation of one another and
are considered to be equally capable (Campbell et al., 2013). Intercoder agreement is the ability
of the same two or more coders to reconcile the discrepancies in their codes through discussion
(Campbell et al., 2013). Intercoder metrics may assist the research team in systematic agreement
on the categories in the coding scheme and help to create clear definitions of codes (or types) that
can be applied to other data sets by other researchers. It is a particular challenge for the multiple
coders to have similar perceptions regarding how to view such complex and unstructured data,
often recognized as a strength of qualitative research; though intersubjectivity - agreed or shared
meanings between persons - can be achieved and evidenced (e.g., Marques & McCall, 2005). To
reach agreement, first, it is critical that any researcher coding the data read a qualitative data set
in its entirety to understand the context and gain a holistic perspective.

Second, the data should be unitized by the primary interviewer for training new coders how to
use the coding scheme (Campbell et al., 2013; Miles & Huberman, 1984). Unitizing is a process in
which the data is broken down into “units of analysis,” in unitizing interview data, the researcher
may indicate that a full answer, or part of answer may be a unit of analysis to be coded. Third,
training coders to code data using an inductively derived typology involves multiple iterations of
coding parts of the unitized data, discussing points of disagreement, reconciling disagreement,
refining rules for coding, and coding another set of data. This training repeats until the coders have
a shared understanding of the codes and can reliably (e.g., 80% agreement) code the same data.
Lee et al. may be referenced for a detailed description of this methodological process (McAlister
etal, 2017).

While intercoder metrics may satisfy some engineering education researchers’ calls for ensuring
reliability of the data analysis process, they must be used with caution. When working from
an interpretive lens, intercoder metrics are not necessary to demonstrate the credibility of
the research, and in some cases may even threaten the potential benefit of the multiplicity of
interpretations on a research team. Instead of reliability, other standards of trustworthiness
are far more important in assessing qualitative research methods such as PBI. Tracy (2010)
offers a comprehensive framework for evaluating the quality of qualitative research taking
into consideration Lincoln and Guba’s (1985) foundational quality criteria while advancing a
vocabulary that qualitative researchers can adopt, regardless of ontological perspective. Tracy
(2010) argues that the quality of qualitative work can be assessed through the extent to which a
work evidences eight criteria: worthy topic, rich rigor, sincerity, credibility, resonance, significant
contribution, ethical, and meaningful coherence. These categories align with Lincoln and Guba’s
(1985) notion of trustworthiness and affirm the notions of credibility, transferability, dependability,
and confirmability in the findings (p. 289-332). Seidman (2013) provides some guidance toward
assessing quality by ensuring that the context of statements is maintained, noting that participants
were allowed to express themselves, recognizing consistency across each of the three interviews,
and exploring connections in alignment of participants experiences (p. 27).

Case Example: Due to the volume of data collected, two coders participated in training and
independently coded a sample of data that had been unitized by the interviewer. Following the
coding process, the coders met to discuss and reconcile disagreements in coding. Through an
iterative training process of coding and discussion, the percent intercoder reliability of 0.47 assessed

Tomko et al.
Studies in Engineering
Education

111



in the first round of coding increased to an intercoder agreement of 0.96. Intercoder reliability was
further improved later in the process and is described below. Intercoder reliability was calculated
using the process described by Miles and Huberman (1984, p. 63) and involves dividing “the number
of coding agreements by the number of agreements and disagreements combined” (Campbell et al.,
2013, p. 309) for 95% of the coded references in the data. This process resulted in the first complete
version of the coding scheme (typology of learning).

The iterative process of qualitative data analysis proceeded to refine the coding scheme (typology of
learning) through coding additional interviews and developing clear coding instructions and rules for
analysis of future datasets. Two researchers read and analyzed three more interviews. Specifically,
one researcher used the coding scheme to code the remaining datasets, while the other identified
gaps in the coding scheme. Through discussing the gaps, it was evident the definitions of the codes
needed further clarification.

The interviewer and a team member worked together to refine the coding scheme and coding
instructions. They systematically reviewed all previously coded interviews and discussed areas of
contention, instances of confusion, and the repetition of codes across all five datasets. The team
member asked pointed questions of the interviewer that invited distinction between categories of
learning. For example, she asked questions such as, “What is the difference between coding an
excerpt as ‘practicing’ and coding as ‘exploring’?” This led to the creation of a series of coding rules for
each category. For example, the following coding rule for “practicing” resulted from that discussion:

Code when participant indicates that they have followed the same process over and over
again. Words like “perfecting,” “getting better at it,” might appear in this code. Also “play
around” is a cue for both code 1.3 (practicing) and code 1.5 (exploring) - the difference
is that in code 1.3 (practicing), the person is trying to gain proficiency and in code 1.5
(exploring) the person is trying to figure out a solution. Table 1 is an example from the
codebook that includes coding rules and an example for the code “Failing,” a code
subsumed under the broader category “Learning by Doing.”

CODE DESCRIPTION CODING RULES EXAMPLES

Failing  Discussion of failing, Code when participant points to And so, I went in and I'm like,
making mistakes, specific mistakes or failures they made  “Okay, so let me just take this
falling short in that required them to rethink how wood and cut it down.” And I
succeeding to achieve they were making. Mistakes might be cracked a piece of wood. And
a goal, or to error related to the choice of machine, the I’'m like, “Shoot, okay, I can’t
in one’s action or speed, the steps, or the materials. do it this fast.”
judgement.

Through this process, a comprehensive codebook was established that included for each code: a
number, a name, a description, a set of coding rules, and an example. During this time, additional
insights were provided by other uninvested colleagues so as to ensure that the coding scheme made
sense. This commitment to continuous peer debriefing led to a coherent refined coding scheme and
clear coding instructions for potential future datasets. The development of a robust codebook is
critical to coding large volumes of data, particularly when multiple researchers are collaborating,
and enables the continued refinement and testing of codes through each iteration of data analysis.

As a result of earlier trials, the team refined the codebook and developed a robust training process.
Specifically, the team learned that when coding PBISs, all coders must have a thorough contextual
understanding of the data and read the entire data set they are working with prior to starting.
Without such contextual understanding, coders are unlikely to reliably code the data.

To ensure the typology aligned with an engineering design audience, the research team invited
an expert in engineering design to provide unbiased feedback on the coding scheme. In the peer
debriefing session, the expert discussed the ways in which the coding scheme aligns or not with the
engineering design audience and vocabularies. This discussion pointed to ways that participants
everyday talk about making did not match up with the vocabularies in the discipline. For example,
participants used “problem solving” to describe their way of thinking through the design process.
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Using students’ language of “problem solving” in the typology, however, does not align with the
conceptualizations of problem solving in the literature

The peer debriefing led us to ensure that the uses of vocabularies in the typology aligned with
relevant literatures, particularly for the engineering design process. The interviewer examined the
literature on problem solving, the design process, design thinking (Brown, 2008), Bloom’s taxonomy
(Bloom et al., 1956; A taxonomy for learning, teaching, and assessing: A revision of Bloom’s taxonomy
of educational objectives, 2001), and 21st century skills (cognitive, interpersonal, intrapersonal)
(NRC, 2012), among other learning frameworks (Adams et al., 2011; Greeno et al., 1996; Kolb, 1984;
Leonard, 2002). This effort led to grouping the taxonomy of learning into three broad categories:
cognitive, interpersonal, and intrapersonal proficiencies. In this process, the interviewer tightened
the language, definitions, rules, and labels for each of the codes to both reflect the meanings of the
participant and contribute to broader understandings of learning in engineering contexts.

Typology Construction

While a code captures the essence of a segment of data, a typology embodies the ecosystem
of the data, illuminating the broad categories or groupings of codes. Typologies are constructed
through iterative, analytical, and interpretive processes of moving back and forth between the first
level codes and the second level codes. Second level codes are types, and the interview data may
yield a variety of types: types of learning, types of experiences, types of obstacles, among others,
depending on the research question. According to Kluge (2000), “types are constructed in order to
comprehend, understand, and explain complex social realities” (p. 1).

In creating a typology, the researcher discerns what kind of categories are of interest based upon the
research question. For example, if the researcher is interested in the types of learning experiences
participants have in an engineering course, the researcher will organize and group together the
open codes to create broader categories that reflect “types of learning experiences.” The first level
codes, then, ultimately characterize the attributes of each of the categories. For example, the type
“learning by doing” may be composed of attributes in the data such as “active,” “hands-on,” and
“making.” An initial typology may begin to emerge after the analysis of two to three sets of interviews.
Thereafter, the researcher codes the remaining interviews using the typology itself, seeking to refine
categories and the attributes therein with each new interview analyzed. The data collection is
considered complete once analysis reveals there to be no continued refinement of the typology.

Case Example: Data analysis of the interviews yielded a typology of learning for women using
makerspaces at a large public institution in the southern United States. The typology showcases the
processes and types of learning associated with women students in academic makerspaces. This
includes the modes of learning and the products of learning (the cognitive skills, the interpersonal skills,
and the intrapersonal skills). Table 2 shows a subset of the overarching categories and subcategories
of the typology. By using the PBIs, we were able to generate a detailed and robust typology of learning.

1 LEARNING BY DOING

1.1 Failing

1.2 Struggling

1.3 Practicing

1.4 Iterating

1.5 Exploring

2 CULTURAL KNOWLEDGE AND SKILLS
2.1 Access conventions and protocols

2.2 Roles and structure of participation

2.3 Rules of the community

2.4 Gender associations
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IMPLICATIONS OF CASE EXAMPLE: DESIGN AND LEARNING PATHWAYS

The PBI approach described in this paper offers researchers the opportunity to examine much
more than types of learning. Building off of the work of generating the typology and coupling the
narratives and timelines from the interviews, we also examined how women students’ design and
learning pathways developed over time. The women students’ narratives and timelines can be
analyzed following similar processes of data analysis, where each woman’s narrative and timeline
are compared in order to identify emerging themes and patterns, allowing for the development of
models. From these emerging themes and patterns, we can begin to understand how women enter
makerspaces, the impacts of their background on their involvement in the space, the barriers to
entry, and are the ways that gendered experiences impact a woman'’s involvement. These types of
topics are difficult to address using quantitative methodologies, as they require us to expand upon
rather than reduce the information collected in the data. The methodology presented in this paper
is particularly useful for generating insights for engaging women in design.

DISCUSSION

Qualitative inquiry offers an opportunity to gain deep insights into the complex phenomenon
associated with engineering education. As engineering education continues to evolve, it becomes
essential to develop means that appropriately evaluate and study phenomena of interest. In this
work, we describe a PBI process and how this process has and can be fruitfully adapted for the
engineering education audience. Suggested adaptations to Seidman’s original methodology for
engineering education purposes are discussed and demonstrated, which include having individuals
create timelines and bringing previous prototypes to add tactile and tangible points of reference
that deepen discussion in the interview. The verbal timeline that participants provide in the first
interview is further validated and endorsed by the timeline that they draw in the third interview.

Regardless, the participants’ willingness to openly share their stories is rooted in the mutual trust
developed between the interviewer and the participant. It is important for other researchers, who
are considering qualitative methods, to seriously evaluate and articulate how mutual respect and
trust will be attained. Another important consideration is that developing the appropriate research
questions and interviewing protocol requires a great deal of time. In this research, two years
were spent simply in exploration, and an additional year was spent in developing the appropriate
protocol. The in-depth interviewing process is not suggested to be used for a study that merely
aims to explore a field. This is because the presented methodology is targeted at delving deeper
into phenomenon toward building complex explanations, typologies, and models.

Through describing the methodology in a specific context, we demonstrate how a PBI process
and methods of qualitative data analysis can capture the lived experiences and the meaning of
these experiences. Through PBI, we have been able to follow the ethical guidance of Sochacka et
al. (2018), doing justice to our participants through empowerment to tell their own lived stories of
making; the result of which are data illustrating the rich accounts of young women’s pathways as
they navigate their own academic journeys and become makers in academic makerspaces. Strikingly,
investigating these lived experiences of women students through qualitative inquiry illuminates
both breadth and depth to the forms of learning through which they engage as participants in
academic makerspaces. This breadth and depth would not have been attainable through even
a small number of controlled design studies, surveys, or quasi-experimental designs. Qualitative
inquiry produces a rich dataset for examining uncontrolled and unstructured environments; such
environments are otherwise difficult to study using approaches that demand predictable patterns
of learned and replicable sets of interactions.

Researchers exploring engineering education, and in particular in the context of makerspaces,
can benefit from PBI methodologies. Using the presented roadmap, researchers may engage
a small number of participants in the in-depth phenomenologically based interviews as a
means to gain initial insights into their question of interest while simultaneously mastering
their interviewing skills and developing emergent findings. Through implementing this type
of methodology, a wide variety of complex phenomena and understudied populations can be
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examined in engineering. For example, the interviewing process would assist in understanding
how a team’s processes (e.g., management, design, engineering) has evolved over time, along
with gaining insights into why the process has changed and why individuals believe the process
to be effective. Further, an engineering student’s past experiences in teams impact their current
decision; this methodology would excavate the impact of past experiences on current teaming
decisions. Moreover, the inductive approach to generating a typology such as the one described in
our exemplar is particularly useful when there is limited existing knowledge, research, or theory on
a present engineering design phenomenon. Ultimately, this methodology is particularly useful for
constructing typologies, and thus can be used for identifying a wide variety of typologies: types of
design projects, types of prototypes, types of problem interpretation strategies, types of analogies,
types of student engagement, types of function decompositions, types of empathy, types of
creativity, or types of barriers to engineering design. Since engineering is informed by experiences
and builds upon previous learning, this methodology allows for extracting the insights from all
types of experiences, whether that be capstone students, students in a first-year design class,
K-12 students, industry, faculty, and administration. Engineering education researchers should
determine what experiences will help them further dive deeper into understanding a particular
phenomenon. For many current research endeavors, the phenomenologically based interviewing
approach would allow for rich datasets and insights into the phenomenon of interest.

CONCLUSIONS

This paper emphasizes the importance of qualitative techniques and how the methodology of
phenomenologically based interviewing can be applied in engineering as a means to obtain deeper
insights on experiences of learning. When describing the phenomenologically based interviewing
methodology, we highlight the critical aspects, including interviewer-participant relationship and
recruiting strategies, that impact the quality of the interview data. Through both the in-depth
three-series interviewing and the single targeted interview, the participants share a narrative of
their experiences pertaining to a certain phenomenon. To demonstrate, this paper presents the
“methodology in practice” in order to illustrate the processes for implementing the interviewing
methodology and analyzing the data for how academic makerspaces support learning of women
students. This work designates the approach for systematically developing a coding scheme that
lends way to a complete typology. Similarly, this approach could be used in other research enterprises
so as to develop typologies for prototyping, design methods, design projects, engineering trajectories,
product development, and so on. Overall, this paper forwards a qualitative methodology that we have
found useful in our research on engineering makerspaces - phenomenologically based interviewing -
and presents the qualitative methodology as a roadmap for other engineering education researchers.
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