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Background: Identity research in engineering education has been expanding to include multiple forms of
measurement. While a variety of approaches have successfully contributed to our understanding of identity,
mixed method approaches have been utilized minimally in identity research. Therefore, additional insight on
the implications and affordances of mixed method approaches for identity research is needed.

Purpose: Our work explored undergraduate engineering students’ researcher identity using a fully integrated
mixed method approach by interweaving deductive (quantitative) and inductive (qualitative) strands of survey
and interview data. We aimed to answer the research question: How can quantitative and qualitative data
approaches be used in combination to explore how students conceptualize their researcher identity?
Method: The data included responses from 20 undergraduate mechanical and biomedical engineering students
representing six different institutions. Students completed surveys, and their survey responses served as a
foundation for subsequent interviews. Both the survey and interview contained an identical item (a single
anchored scale measure of researcher identity), which directly connected the two data sets. While the survey
data was used during the interviews, analysis of the strands was initially separate but concurrent.

Results: After initial analysis, mixing the data provided two key opportunities to attain a deep understanding
of participants’ researcher identity. The anchored scale provided a platform to discuss researcher identity
with participants and allowed us to look within and across participants’ experiences in unexpected ways. Our
discoveries of how individual students’ conceptualizations of the identity being measured varied and how
those conceptualizations changed over time were only possible through the analysis of both quantitative and
qualitative data.

Conclusions: Our fully integrated mixed method approach resulted in a more complete understanding of
students’ researcher identities, allowing us to extend our theoretical understanding beyond what would have
been possible with either method alone. Researchers exploring complex topics that can be fluid and affected
by time and experience, such as identity, may benefit from integrating a similar approach into their research
protocols.

Keywords: undergraduate research; engineering; researcher identity; mixed methods

Introduction and Background

Identity has become a significant area of study in the engineering education community with researchers using quantit-
ative, qualitative, and, to a more limited extent, mixed method approaches to measure identity (Patrick & Borrego, 2016;
Rodriguez et al., 2018). Multiple researchers have explored developing a quantitative scale to measure engineering identity
to determine what influences identity development and is influenced by identity. While grounded in theory, this is a deduct-
ive approach to identity wherein the researcher is limiting what is and is not part of the engineering identity as represented
in the scale items. Godwin (2016) established a scale that measured identity using a model of performance/competence,
interest, and recognition, while Borrego and her colleagues have developed a quantitative instrument using the model of
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identifying with an organization (Borrego et al., 2018). Similarly, Pierrakos and colleagues have also developed an engineer-
ing student identity scale (E-SIS) based on social identity theory (Curtis et al., 2017; Pierrakos et al., 2016). While valuable
contributions to our understanding of identity, these quantitative approaches scope and limit the identity being studied
(i.e., they approach the construct to be measured deductively from the top down with concrete bounds).

Other researchers have also measured engineering identity through modifying existing identity scales to fit within the
context of engineering or measuring engineering identity through a single item (Patrick & Borrego, 2016). Single item iden-
tity questions tend to seek a more holistic measure of engineering identity using prompts such as “Do you consider yourself
to be an engineer?” (Meyers et al., 2012). While a simple item is more open than other approaches because it allows the par-
ticipant to self-define the item, this technique does not allow for in-depth understanding of responses since the researcher
cannot evaluate how the participant interpreted the question beyond responses to an open-ended survey question, which
is often paired with the single item. While all of these studies employed well-known and established practices to measuring
identity that allow researchers to generalize results based on theory, they lack an individual view and participant-centered
focus with respect to the construct that is needed given the complex and multi-faceted nature of identity.

Because identity is multi-dimensional, many researchers have also explored engineering identity qualitatively through
interviews, multiple open-ended survey questions, or other methods like ethnography that take a more inductive (i.e.,
the researcher allows the findings to emerge from the range of data provided by the participants) approach to under-
standing participants’ experiences. For example, Matusovich et al. (2010) used a multiple identities framework to better
understand how undergraduates develop an engineering professional identity, and Tonso (2007) used an ethnographic
approach and a community of practice framework to explore engineering identity and campus culture. In both of these
cases, theory guided the work but new, unexpected results bubbled up from participants’ responses. Similarly, Stevens
et al. (2008) used an ethnographic approach and developed a framework of becoming an engineer through longitudinal
ethnographies of students matriculating through an engineering curriculum across multiple institutions. While these
studies provide complex views of identity that expand and extend known theory, their transferability is limited given the
number of participants (tens of participants in the qualitative work versus hundreds of participants in the quantitative
work). Additionally, like many qualitative approaches, they are time intensive and require researchers to develop a deep
understanding of each participant’s experience within their unique context to be able to tell a detailed story and glean
meaning.

In an effort to leverage benefits from both quantitative and qualitative research methods, some engineering education
researcher teams have explored identity using different mixed method approaches in limited ways. Li et al. (2009) developed
a model to identify student characteristics that would affect enrollment and retention in engineering. They developed the
model by qualitatively analyzing previous literature related to engineering and collegiate retention and then developed
quantitative measures from that model. Similarly, Fleming et al. (2013) leveraged a sequential explanatory (quantitative
then qualitative) mixed method approach to explore engineering identity of students attending minority serving institu-
tions. They distributed a survey to students at four minority serving institutions and then invited a select number of survey
participants to participate in a follow-up semi-structured interview. The results indicate that there is a positive impact that
minority serving institutions had on the development of an engineering identity for those students. Conversely, Litchfield
and Javernick-Will (2015) leveraged a sequential exploratory (qualitative then quantitative) mixed method approach to
explore differences in engineering identity between students who participated in Engineers Without Borders (EWB) and
those who did not, concluding that students who participated in EWB had broader motivations for becoming engineers.
One of the largest mixed method studies in engineering education related to identity development, which included both
sequential and concurrent strands, is the Academic Pathways Study (APS) that explored how students “pursue and persist
in an engineering degree, relative to their learning and identity development” (Chachra et al., 2008, p. 2). APS researchers
explored how gender, motivation, environment, and experiences impacted and influenced the development of an engin-
eering identity (Atman et al., 2010). These mixed method approaches contribute to the small but growing body of literature
in engineering education that has examined identity through both quantitative and qualitative methods, attempting to
address the challenges posed by a single research approach.

Given the promise for using mixed methods to offset the limits of one approach alone and to more fully understand
identity, we conducted a fully integrated mixed method analysis (Creamer, 2018a) of undergraduate engineering students’
role identities as researchers. We use the term fully integrated mixed methods (Creamer, 2018a) to indicate the integration of
data from quantitative (deductive) and qualitative (inductive) methods throughout our entire research process (from study
planning to data collection to data analysis). In this manuscript, we present an approach for integrating a single anchored
scale identity item with in-depth interviews using a study of student researcher identity as an exemplar case. The unique
contribution of this work towards understanding the researcher identity of engineering students led us to suggest that
mixed methods research can be a strong complement to quantitative and qualitative identity research methods that are
currently and commonly employed in engineering education.
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Undergraduate Researcher Identity

Undergraduate engineering students’ roles within academia are complex and multifaceted. In addition to their roles as
learners, some engineering students take on supplementary roles such as engineering intern, teaching assistant, office
assistant, or undergraduate researcher. Each new role allows a student to broaden their professional skills and educational
experience. Since the roles individuals fill impact their identity (Stryker & Burke, 2000) and identity impacts career choice
and success (e.g., Carlone & Johnson, 2007; Cass et al., 2011; Godwin et al., 2016; Hazari et al., 2010), it is essential to under-
stand the additional roles engineering students can undertake besides that of an engineer.

We are specifically interested in the researcher identity of undergraduate engineers. Conducting undergraduate research
gives students the opportunity to understand what it is like to be a researcher while enhancing their metacognitive and
problem-solving skills (Hunter et al., 2007). Exposure to undergraduate research can prepare students for a thesis-based
graduate program and experience for launching a research career, which can lead to students clarifying their career plans
and goals. Undergraduate research experiences have been shown to increase students’ confidence in their abilities to con-
duct research and also improve their technical and communication skills by giving the them the opportunity to present
and/or publish their work (Seymour et al., 2004), skills that are beneficial to students regardless of their future careers. We
posit that these skill-building experiences can also lead to the development or changing of a researcher identity.

Our Mixed Method Approach to Researcher Identity

Mixed methods expand the breadth of research questions that can be explored beyond what can be achieved through
quantitative or qualitative methods alone, and the complexity of the questions has the potential to increase as well. For
example, mixed methods provides a means for triangulation but is also valuable when the work is driven by complement-
arity between the quantitative and qualitative data (Creamer, 2018b). Triangulation alone only reveals one aspect of the
potential. The ability to examine complementarity is particularly important when the two data strands reveal contradictory
or inconsistent data (Creamer, 2018b). A framing of complementarity allows for mismatch while aiming for more holistic
understanding. For our work, this deep exploration was accomplished through a single item presented in both the quantit-
ative and qualitative data strands. This item allowed us to compare within and between participants’ responses in a unique
way, moving beyond triangulation.

We explored students’ responses to the single researcher identity item across participants and any differences between
individual's responses from the survey and interview questions. This approach allowed us to capture the individual’s views
and the broader definitions of what it means to be a researcher from the perspective of the undergraduates. In the lan-
guage of mixed methods research, we qualitized (Nzabonimpa, 2018; Sandelowski, 2000) the quantitative measure to gain
a deeper understanding of the student experience and additional knowledge related to the validity of such an approach to
measuring identity. Specifically, we compared and contrasted the students’ responses across these two strands to answer
our research question: How can quantitative and qualitative data approaches be used in combination to explore how students
conceptualize their researcher identity?

Methods

This manuscript stems from a mixed method project aimed at understanding the epistemic thinking and researcher identity
of engineering students involved in undergraduate research (Benson et al., 2016; Faber et al., 2019; Lee et al., 2019). For this
special issue, we are focusing on new findings attributed to the use of mixed method approaches to studying identity. If
you are interested in learning more about the larger project and our findings, please read our other works, which are cited
throughout this section. Particularly for this special issue, we were interested in combining quantitative and qualitative
data to explore students’ conceptions of themselves as researchers and how this allows for comparisons across participants’
quantitative scores. We initially looked for confirmation between data strands for the same item but found differences
between participants’ survey and interview responses. Probing these differences during interviews provided insight into
how participants believed their identities changed over time and with different research experiences. It also allowed us to
better understand nuanced changes in their definition of what a researcher is. Our findings around these topics would not
have emerged without the use of this mixed methods approach. It should be noted that the data used in this study is not
publicly available but access to de-identified data may be granted by contacting the lead author.

Project Overview

The project began with a survey (open- and closed-ended items) first administered in 2016, and again in 2017 to increase the
sample size, to engineering students who self-identified as participating in some sort of undergraduate research experience
(Ehlert et al., 2017) at six institutions classified as different types by The Carnegie Classification of Institutions of Higher
Education (Indiana University School of Education Center for Postsecondary Research, 2015). Follow-up interviews were
conducted with 20 undergraduate students who completed the survey. At the larger institutions included in this study, we
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reviewed participants’ survey responses and sent invitations for follow-up interviews to ensure that we interviewed students
with different types and years of research experience and different perceptions of research and themselves as research-
ers. At the smaller institutions, we emailed any student who indicated they were interested in completing an interview.
Through IRB approved procedures (Clemson University: IRB2014-051, Ohio State University: 2015B0285, and University
of Tennessee-Knoxville: 17-03655-XM), we linked the interview participants to their quantitative responses and assigned a
gender-neutral pseudonym.

Fifty percent of the interview participants came from Institutions 1 (Very High Research Activity) and 2 (Very High
Research Activity) (25% each), with the other participants from Institutions 3 (Very High Research Activity), 4 (Larger
Program Master’s University), 5 (High Research Activity), and 6 (Special Focus Four-Year: Engineering Schools) making up
10%, 15%, 5%, and 20% of the participant cohort, respectively. The text in parentheses after each institution indicates the
institution type as defined by The Carnegie Classification of Institutions of Higher Education (Indiana University School of
Education Center for Postsecondary Research, 2015), which is based on an institution’s defining feature. At the time of the
interviews, which happened approximately three to twelve months after the participants completed the survey, participants
had been in college from two to six years, with the majority being in college four years (40%), followed by three years (25%),
two years (20%), five years (10%), and six years (5%). The majority of the 20 participants were female (75%).

Quantitative and Qualitative Data Strands

There are various definitions of mixed methods. For this work, we operationalize quantitative and qualitative using
Creamer's (2018a) definitions: the quantitative strand is deductive in nature and the qualitative strand is inductive. The
deductive approach allowed us to focus and bound based on what is already known while the inductive approach allowed
for new insights to be generated by our participants and methods.

Based on this framing, our quantitative or deductive strand included participants’ responses to the question “Do you see
yourself as a researcher?” Participants responded to this question using an anchored scale from 1 to 7, with 1 being “No, not
at all” and 7 being “Yes, very much.” This single item was first incorporated into our work in 2014 (Faber & Benson, 2015),
following Hazari et al.'s (2010) work in physics identity as a guide. As there was not an existing framework for researcher
identity at the start of this research study, we decided to use this single deductive item to get an initial overall understanding
of the extent to which students saw themselves as researchers. While this item provided a quantitative measure of identity
that was simple to analyze and bounded, we recognized the item lacked complexity. Subsequently, the single deductive item
was followed by inductive, open-ended questions in the survey to further explore how students saw themselves as research-
ers. These responses to these open-ended questions allowed us to more deeply understand each participant’s responses to
the single item (Faber et al., 2020). In our early analysis of the surveys, we identified that students responded to this item
using different ranges of scale points (i.e., we could not tell how they were considering the full scale to rate their researcher
identity). This observation echoes the limitations of quantitative research identified earlier with respect to the deductive
nature of quantitative items. In this case, the participants’ views were not being fully captured and these views were influ-
encing the scale use. This limitation again highlights the need for mixed methods work, which influenced our decision to
continue using the item in our interview as a starting point to ask participants additional questions about how they saw
themselves as researchers.

Our qualitative, or inductive, strand included open-ended survey questions and interview questions designed to further
explore specific aspects of students’ researcher identities (e.g., when they first felt like a researcher, what makes them feel
like a researcher, etc.). These interviews were semi-structured in nature and were informed by participants’ responses to
the earlier survey. Prior to each interview, we read the participant’s survey responses and pulled participant’s responses to
specific survey questions to use during the interview. Related to identity, each participant was asked “In your survey, you
indicated that you did [or didn't] feel like a researcher. On a scale of 1 to 7, you rated a [number]. Where do you feel you are
now? Why?” When asked this question, each participant was handed a printed scale with the following anchors: 1 —No, not
atall and 7 — Yes, very much. We asked students for this explanation in our interviews because of the time (three to twelve
months) between our initial surveys and the follow-up interviews. Originally, we intended to have the interviews occur
within one to three months after the initial surveys; however, we decided to place more focus on collecting and analyzing
survey results before moving to interviews, increasing the time between the two data collection points. This approach also
allowed us to ask students to reflect on any difference between their initial survey response to the single researcher identity
item and their response to the same item during interviews. Participants thought deeply about their responses to this item
and provided thoughtful answers in the interview. In the interviews, to more fully capture participants’ researcher identities
beyond the single identity item, we asked a series of follow-up questions: 1) When did you start feeling like a researcher?
2) What part(s) of your research experience(s) make you feel like a researcher? and 3) What parts don’t make you feel like
a researcher? However, as we progressed through our analysis of the first 13 interviews, we noticed differences in the ways
that participants interpreted the researcher identity scale. To more fully understand participants’ responses to the question
“Do you see yourself as a researcher?” participants in the remaining seven interviews were asked to specifically define the
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scale anchors with the following prompt “Could you define what a 1 and a 7 mean to you?” Again, this change allowed us
to use a deductive quantitative item to begin our analysis while leveraging the power of an inductive qualitative approach
to better understand the participants’ views and interpretations through mixing. By explicitly asking participants to define
the ends of the scale, we were able to further integrate our deductive and inductive strands by re-scaling these participants’
quantitative responses, allowing us to compare across participants and further understand the bounds of participants’ views
of their researcher identity.

Analysis

For us to compare quantitative researcher identity ratings within and between participants, we needed to normalize par-
ticipants’ researcher identity based on their descriptions of the scale anchors. To do this, two researchers analyzed all
participants’ discussions of the researcher identity scale anchors and individually constructed definitions for the item scale
anchors by using the participants’ inductive data to inform participants’ conceptualizations of the deductive scale anchors.
The researchers met and discussed their individual definitions of the scale anchors until they reached agreement. Below, we
present composites of the researcher identity scale anchors. We constructed these descriptions from participants’ qualitat-
ive interview data; therefore, they represent participants’ perspectives of the researcher identity scale.

1-No, not at all: No contribution to research, not leading research, not currently doing research, not planning on a
research career, and negative self-assessment of research skills.

7 —Yes, very much: Have research experience, contributing data/ideas, disseminating results, confidence/high
self-assessment of research skills, planning on research as a career.

Using these final definitions for the scale anchors, the researchers then individually re-scaled all twenty participants’
researcher identities from 1 to 7 based on their full interview transcripts making sure to stay grounded in the participants’
own responses and descriptions of themselves as researchers. Once complete, the researchers met again to discuss parti-
cipant identity scale values until agreement was reached. The researchers were able to come to agreement on re-scaling
for all participants except for one. Six participants were rated at the high end of the scale (7, 6), six at the low end of the
scale (1, 2), and seven in the middle of the scale (3, 4, 5). The researchers could not reach consensus for the one participant
(Aubrey) because some parts of her transcript indicated that she rated high, while other parts of her transcript indicated
that she rated in the middle of the scale. However, the researchers were able to agree that Aubrey fell at the transition
between high and medium researcher identity rating. Explicitly asking participants to define the scale anchors during the
interview was integral in allowing us to mix our inductive and deductive strands during data analysis. The inductive par-
ticipant descriptions of the scale anchors added nuance to the scale anchor which facilitated the re-scaling of participant
identity ratings.

To obtain a fine-grained re-scaling of participant researcher identity, participants’ researcher identities were then ranked
based on data from their transcript where they discussed their researcher identity self-rating and explanation (please note
that we did not re-score them; we re-scaled or ranked them in comparison to each other). Following the interview transcrip-
tion, the responses were analyzed using a systematic process that aligned with grounded theory methods. That detailed
approach is described in our model development paper (Faber et al., n.d.); however, at a high level our analysis included
emergent coding and writing structured analytical memos for each participant (Lee et al., 2019). The explicit definitions of
the researcher identity scale by participants along with the identity rating re-scaling facilitated the mixing of our inductive
and deductive data strands expanded the depth and nuance of the analysis and strength of the results. Within the struc-
tured analytical memos, we included descriptions of participants’ researcher identities as well as comparisons across parti-
cipants. This data allowed participant descriptions of their own researcher identities to be re-scaled according to the level of
alignment with low and high researcher identity definitions established through analysis of participants discussions of the
researcher identity anchors. Furthermore, once ranked within the re-scaled structure, participant descriptions of their own
identities revealed deeper insights into how the participant sample as a whole perceived a high, medium, or low researcher
identity. The results of the re-scaling are summarized in Table 1 and are discussed in further detail in the Mixed Methods
Opportunities and Related Findings section of this manuscript.

Limitations

We acknowledge that there are limitations to our current approach, including limitations related to both understanding
researcher identity and to this approach for integrating a single anchored scale identity item with in-depth interviews.
While one item to measure identity impacts the interpretation of our quantitative results (e.g., it lacks depth and complex-
ity), there are several factors that encouraged us to use a single instead of multiple measures. When we began this work,
instruments to measure researcher identity (e.g., Choe et al., 2017) were just being developed in engineering education,
focused on graduate students, and were not widely available. Additionally, we believed that a single, holistic measure of
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Table 1: Participants are Ranked High to Low Based on Researcher Identity Scores Reported.

Identity Grouping Participants Ranked Participant’s Reasoning Change from
High to Low Researcher Survey to
Identity Interview
[ am a researcher and/or  Pat Confident in abilities as a researcher, mentor, and mentee 0
[ want a research career Dana Anyone who is asking and/or answering questions is a -15
researcher
Riley Feels confident as a researcher, but feels that she cannot 0
fully be a researcher without a Ph.D.
Logan and Cannot rate self higher because there is always more to -1
Taylor learn in research 0.5
Aubrey Not enough experience to rate self higher 0.25
Clay Had not finished writing a paper for publication -15
Frances Has not done enough independent research to rate self -1
higher
Peyton Did not see that the research he was doing was helping -1
people
[ am not a researcher Ari Likes research, but lacks research experience 0
and/or. do not want a Kelly and Confident in their research abilities, but feel they cannot -0.5
career in research .
Sage lead their own research -15
River Interested in research, but not all fields of research -2
Bay Feels like she is performing the practices of research but 0
does not identify as a researcher
Kennedy Lacks experience, only did research for a short time 0.5
Hayden, Currently not participating in research experience —4
Max, and —4
Reed -5
Eli Results were not verified by a university professor, so can- -35

not be considered research

Sam No passion for research; the more research she does, the -1
less she feels like a researcher

identity was an appropriate starting point for our work since a more robust scale was not available, and we could use the
insights to gather additional data to further expand our findings. While this may be a potential limitation, by using a single
item, as opposed to multiple items across multiple dimensions, we allowed the participants to define researcher identity for
themselves. This approach aligned with our goal of exploring researcher identity from the undergraduate student perspect-
ive rather than applying a researcher-constructed conceptualization. We were further encouraged to explore participants’
perceptions of researcher identity using inductive approaches, allowing us to integrate the initial deductive results with
additional inductive data. Our approach also aligned with other researchers’ approaches to measuring identity at the time
(e.g., Meyers et al., 2012). Our findings provide a valuable contribution to the literature related to identity measurement,
which are further explored in the next section.

Another limitation to this work is our sample of participants. A majority of our participants self-identify as female (15
out of 20) and White (15 out of 20). As such, we are missing the perceptions of some members of the engineering com-
munity such as males of color. In addition, most participants attend Very High Research Activity institutions (13 out of
20), which is in part due to the fact that these institutions were larger and thus provided more potential participants. It is
possible that our mixed methods approach contributed to the final composition of our sample, especially because we used
the initial survey as a mechanism to select participants for interviews. If an individual did not complete the survey, they
would have not been given the opportunity to complete an interview. Self-selection bias is a challenge in any study and
will be further exaggerated within a study that requires participants to participate in multiple data collection measures,
such as a survey and then interview. Additionally, to limit disciplinary differences, we only recruited from mechanical and



Kajfez, et al: A Mixed Method Approach to Understanding Researcher Identity 7

biomedical engineering departments, so 18 out of the 20 participants represent these majors. Another limitation to par-
ticipant recruitment in this study was that we recruited participants through emails sent by departmental representatives
(advisors, department chairs, undergraduate coordinators, etc.), and these recruitment emails may have been overlooked
by many students. Again, our sample impacts the interpretation of the results and readers’ ability to transfer the findings
broadly to all engineering students.

Finally, the elapsed time between the survey and interview was not consistent across all of the participants given chal-
lenges in participant recruitment and the nature of the grounded theory elements of the work, which requires time to
analyze the data between recruiting participants. Our approach to using surveys then interviews did not allow us to cap-
ture the exact same data at each time point for the participants (e.g., we did not do pre- and post-surveys relative to each
participant’s research experiences). Therefore, we cannot make detailed comparisons between the two time points across
all participants, which limits our ability to make specific claims about how participants’ researcher identity might develop
over time. This limitation of varying times between the survey and interview is a direct result of using a mixed methods and
grounded theory approach along with the complexities that these designs introduce to participant recruitment.

Finally, as mentioned above, aspects of our research approach were based on grounded theory methods and were there-
fore emergent in nature. One implication of this approach is the interview protocol evolved over time as we adapted it to the
findings and needs of the work. This led to different data being collected across the participants as we further developed the
interview protocol to explore specific aspects of students’ experiences. On the other hand, this emergent approach afforded
us the opportunity to explore various ways of mixing our deductive and inductive data as we analyzed data, allowing us to
address specific limitations associated with collecting only quantitative or qualitative data. While this emergent approach
was critical to our study, it does impact and limit the interpretation of the results and our ability to make conclusions across
all participants. For example, we did not ask all participants to describe the ends of the researcher identity scale as described
above, which was used to inform the rescaling of participants’ responses.

Mixed Methods Opportunities and Related Findings

Asking participants on both the survey and in the interview “Do you see yourself as a researcher? 7 — Yes, very much to
1—No, not at all” provided a platform for participants to discuss their researcher identity in a unique way and resulted in
two key opportunities that uncovered unique findings. First, we were able to ask participants to compare how they saw
themselves as researchers at two time points — at the time of the survey and at the time of the interview. Second, we were
able to discuss the full breadth of participants’ conceptualizations of who a researcher is. We structured our research results
around these two opportunities.

Opportunity 1: Scale provided a platform to talk about researcher identity
Thirteen out of twenty of the participants in our study continued conducting research in some capacity in the time between
taking the survey and completing an interview (approximately three to twelve months). We expected that these participants
would come to see themselves as more of a researcher over this period of time, responding with a higher score to the question
“Doyou see yourself as a researcher?” during the interview compared to the survey. However, this was not the case in our study.
Only three of the twenty participants reported a higher score in the interview relative to their survey response (see Table 2).

In the interview, we asked follow-up questions to explore why participants’ ratings of their researcher identities decreased
over time. We found that for those still doing research, self-ratings decreased due to changes in their conceptualizations
of research and making the decision that they did not want to pursue a career in research. It is important to note that, in
general, the participants who reported lower researcher identity ratings during the interview did not necessarily feel less
like researchers compared to when they completed the survey. These participants attributed changes in their researcher
identity rating to a re-calibration of their researcher identity scale, which would not have been captured without a mixed
methods approach.

In addition to providing this comparison across two time points, incorporating the item “Do you see yourself as
a researcher?” in the interviews provided the opportunity to discuss the bounds of participants’ conceptualizations of
researchers. Even for the interview participants who described seeing themselves as researchers, none rated themselves as a
7 during the interview, while three responded with a 7 on the survey. In the interviews, we found that participants felt that
they were missing something that prevented them from rating themselves highly as a researcher. What was lacking varied
for participants and included a publication, enough experience, or a higher degree (such as a Ph.D.). For example, Taylor
explained that one could never be a true researcher because the nature of research meant that one would always be learning
and working towards becoming a researcher.

[ would probably say a six. I think it's really hard to say that you're ever at a full 100% researcher, but I think that's
also because my interpretation of it is there's always room to learn and stuff and be exposed to other things. (Taylor)
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Table 2: Participant, Identity Score Reported from Survey, Interview, and Selected Demographic Data.

Participant Survey Interview Institution & Years in Gender Race/Ethnicity

Identity Identity Type College

Score Score?

Ari 5.0 5.0 3,R1 4 F Hispanic
Aubrey 5.0 5.252 6, ES 3 F White
Bay 4.0 4.0 6, ES 2 F White
Clay 6.0 45° 4, M1 4 F South Asian
Dana 6.0 4.5 1,R1 3 M White
Eli 5.0 1.52 6, ES 2 F White
Frances 7.0 6.0 2,R1 4 M White
Hayden 7.0 3.0 6, ES 4 F White
Kelly 6.0 5.5 2,R1 3 F White
Kennedy 3.0 3.5% 2,R1 4 F White
Logan 6.0 5.0 5,R1 5 M White
Max 6.0 2.0 1, R1 2 F White
Pat 6.0 6.0 1,R1 5 M White
Peyton 6.0 5.0 2,R1 2 M East Asian
Reed 6.0 1.0 3,R1 6 F Hispanic
Riley 6.0 6.0 1,R1 3 F White
River 6.0 40 4, M1 4 F White
Sage 7.0 5.5° 1,R1 3 F White
Sam 4.0 3.0 2,R1 4 F White
Taylor 5.0 5.52 4, M1 4 F South Asian

Note: Carnegie classification reported at time of publication: R1 — Very High Research Activity, M1 — Lager Program Master's University,
and ES — Special Focus Four-Year: Engineering Schools. Scores marked with an (?) were an average based on the range reported by the
participant. For example, Aubrey reported she was between a 5 and 5.5. Participant scores highlighted had an increase in scores from
their survey to interview. On the identity scale, a one corresponds to not at all feeling like a researcher and a seven corresponds to
feeling very much like a researcher.

In Frances' case, the interviewer prompted her to reflect on the fact that she rated herself as a 7 on the survey but in her
interview later stated that, as an undergraduate researcher, she could not attain a researcher identity rating of 7. Frances’
reflection provided additional insight to her view of researchers:

I think [ may have just been viewing it a little bit differently in terms of what is a researcher. There were definitely a
lot of ideas that I contributed to the studies themselves, but when I think about the overall goals of the study and
where were those original ideas coming from, those were not mine. [ think until you really have to be that person
that starts from square one, that for me was what defines a seven where I think I started from kind of beginning
middle. (Frances)

Frances’ change in her researcher identity rating was due to a change in her definition of a researcher and not how strongly
she identifies as a researcher. She explains that while she contributed ideas to the research, the original idea for the research
project was not hers, so she could not rate her researcher identity a 7. Likewise, earlier in the interview, she says that an
undergraduate researcher cannot be a 7 “..within the confines of structure undergraduate research with academic grants
and the bureaucracy of it..very few people come in at 18 years old knowing exactly what to do, how to get there.” Addition-
ally, based on her current conceptualization of researchers (during her interview), she wanted to amend her earlier survey
response for researcher identity to “beginning middle.”
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Opportunity 2: Look across participants in a different way

Our use of mixed methods to interrogate the quantitative researcher identity item through qualitative interviews revealed
that there were both inter- and intra-participant differences in how participants interpreted the researcher identity scale
(see Table 1). As already described, some participants reported lower numbers for researcher identity ratings during the
interview as compared to the survey (Tables 1 and 2) but explained that their researcher identity was not lower. Rather,
they had a better understanding of what a researcher was, so the lower researcher identity number was a result of a shift
in how the participant interpreted the researcher identity scale. We also observed differences in interpretation of the scale
between participants. For example, both Sam and Eli felt that they were not researchers, and their qualitative descriptions
of researcher identity of themselves also aligned with the composite description of the anchor for “1” on the researcher
identity scale. However, Sam rated herself a 3 during the interview, while Eli rated herself between a 1 and 2.

In light of the qualitative differences between participants’ interpretations of the researcher identity scale, and to facilitate
comparison of researcher identities between participants, we re-scaled participant researcher identities from the interview
question according to their qualitative descriptions as described in the analysis section of this manuscript. Further investig-
ation of interview data during this re-scaling revealed that participants fell into two general groups: those who referred to
themselves as researchers, and those who stated that they were not researchers or did not want to have a career in research.

Within the “I am a researcher group,” we found that Pat and Dana aligned best with the “yes, very much” anchor defini-
tion. Pat was confident as both a research mentor and a mentee, and Dana felt that research was done whenever he asked
and answered a question. Neither expressed reservations about their researcher identities.

Now that I do have proper engineering mentors and really starting to work with those, that just only accelerates it
and you really feel like a researcher being mentored by somebody else and mentoring others, all to work towards a
common goal of nobody’s done prior to. (Pat)

We scaled Riley, Logan, and Taylor lower than Pat and Dana because while they aligned with the high researcher identity
definition, they had some reservations about rating themselves at the high anchor. Riley felt she would reach the anchor
by obtaining a Ph.D., while Logan and Taylor felt they could never reach the anchor because there is always more to learn
in research.

Based on what I know about research, though, I don't think I could ever be above a six or a six and a half. I think
becoming a researcher and being a researcher is a never-ending path. I think that you can never actually truly be a
researcher, but instead a developing researcher. (Logan)

We scaled Clay, Aubrey, Frances, and Peyton lower because in contrast to Riley, Logan, and Taylor, they felt that they needed
more experience, independence, or publications to rate themselves higher on the researcher identity scale.

[ think now I would probably rate myself at a six, just because [ wasn't principal investigator. You have a direction to
go, it's mostly at the undergraduate research point about making it work. (Frances)

For participants in the “I am not a researcher/don’t want it as a career” group, participants who reported confidence in their
research skills were scaled highest, followed by participants who only felt like researchers when they were actively particip-
ating in a research experience. Those who felt that they had not contributed to research and had a low self-assessment of
their research skills aligned best with the “no, not at all” researcher identity scale anchor and were placed at the bottom of
the scale. Sage and Kelly were most confident in their research skills in this subgroup but explained that they did not feel
like researchers because they did not feel they could lead their own research.

Otherwise, I don't know, maybe after the question that you just asked about if I feel like I'm kind of like guiding my
research or .. Which I'm not. It's always underneath somebody. Which is fine and I'm learning a lot and getting a lot
out of it. That's where somebody has to start. But, if I could lead my own research, that, I could not do. I think that’s
why it wouldn’t be a seven anymore. (Sage)

Bay felt that even though she had performed research practices during her research experience, she still did not feel like a
researcher, so she was placed below Sage and Kelly.

Unlike Sage, Kelly, and Bay, whose researcher identity ratings changed little between the survey and interview, researcher
identity ratings for Reed, Hayden, and Max went from the top of the researcher identity scale to the bottom between the
survey and interview. Reed, Hayden, and Max rated themselves as 6, 7, and 6 respectively on the survey, and 1, 3, and 2
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respectively during the interview. When asked why their researcher identity ratings changed, they explained that it was
because they were not currently doing research.

Interviewer: Okay, so what number would you be on that scale?
Reed: I guess one, because I'm not doing research.

These drastic changes in researcher identity ratings indicate that the researcher identities of Reed, Haden, and Max are thin
and contextual: strong only when they are participating in a research experience. For this reason, we scaled Reed, Hayden,
and Max below Bay.

Finally, Eli and Sam represent the “no, not at all” anchor of the researcher identity scale. Eli constructed her own research
question and led her own research, both of which were cited as reasons for feeling like a researcher by participants who
reported strong researcher identities. However, she still felt that because her research was not verified by a college professor,
her work could not be considered research. Sam, on the other hand felt little passion for research, and reported that the
more research she did, the less she felt like a researcher.

The people that [ work with, all really enjoy the whole process of researching, of the research process. They enjoy
doing data analysis. They enjoy writing papers and presenting. That's what gets them going, where I'd just rather run
the procedure and that's it. (Sam)

Eli's feelings that what she was doing was not research, and Sam’s lack of passion for research were reasons we scaled them
to the low anchor of the researcher identity scale.

Defining the anchors of the quantitative researcher identity scale through the qualitative interview data allowed us to
identify participants that best fit with the upper and lower anchors of the scale. We were able to re-scale participants based
on each participant’s interpretation of the researcher identity scale by considering a combination of participants’ quantitat-
ive researcher identity self-rating and the qualitative description of their own researcher identities. Mixing the quantitative
and qualitative data analysis afforded us the opportunity to make a deeper comparison between participants.

Discussion of Implications

Mixed method approaches to studying identity can provide insights that are not achievable with quantitative or qualitative
techniques alone. We have framed the discussion in terms of the implications of using mixed methods to study identity and
the unique opportunities that are afforded to our work because of this approach. Specifically, we provide insights into the
inter- and intra-based insights we gained through our research.

First, when conducting identity research, researchers need to consider individual students’ conceptualization of the
identity being measured. We operationalize this as inter-participate differences. These differences exist between the
participants themselves (i.e., different participants view and define identities differently). For example, in our study
we found that each participant had a slightly different definition of a researcher. These differences would have not
come to light if we only used a quantitative, even a multi-item, instrument as many of these instruments are still
self-reflections of the participants which do not help researchers understand students’ definitions of those items (e.g.,
Choe et al., 2017). We would have not known that a 7 to Eli meant being a professor and doing research as a career,
and a 7 to Sage meant guiding her own research. Similar inter-participant differences have been found in large scale
survey studies where students interpret the meaning of questions differently which raises concerns about the validity
of the measure (e.g., Bennett & Kane, 2014). The revised anchors based on composites of participants’ definitions of a
researcher allowed us to create a more accurate quantitative scale with anchors that are more specific and appropriate
for this population despite it being only a single item. There are also differences between the participants’ and our views
of researcher identity as researchers of this work. For example, our research team would have defined a 7 as collecting
data, analyzing data, and disseminating research results, which is different than both Eli and Sage’s definitions of a 7. A
mixed method approach allowed us to uncover these definitions and better understand the range of students’ views in
the data set. It also allowed us as researchers to be cognizant of our own views on researcher identity and the potential
bias our views could bring to the work.

Second, researchers need to recognize that a participant’s conceptualization of an identity can change over time regard-
less of the roles they hold (Roth & Tobin, 2007; Shanahan, 2009). Therefore, even though an individual's survey score may
be the same on a pre- and post-test regardless of the number of items, a change could have occurred related to their overall
understanding of the identity or reconstruction of their identity based on contexts or social interactions (Elmesky & Seiler,
2007). For example, Riley defined a researcher as “someone who is highly engaged in their academic discipline and stays
up to date on current successes, and constantly challenges previous ideas to come up with better solutions” on her survey,
but approximately one year later, Riley defined it as “you're definitely a researcher by the time you've had your PhD.” We
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categorize these changes as intra-participant differences, and again, uncovering these changes was only possible with both
quantitative and qualitative data. This time-based implication is of particular concern for researchers using longitudinal
or cross-sectional quantitative study designs where development is anticipated. In those particular types of studies, we
strongly recommend that researchers integrate qualitative methods to further explore perceptions of the identity items at
each instance of exploration.

The quantitative anchored scale item gave us a concrete point to elicit discussion while the qualitative data provided
details and deeper understanding. After extensive discussion within our research team and with our project advisory board,
we realized that intra-participant differences also relate to the concept of thickening and thinning identities, which have
been used to characterize ethnic, racial, and national identities (Smith & Sparkes, 2008). Over time, based on the activities a
person participates in (i.e., the roles they fulfill), the contexts in which they fulfill those roles, and social interactions within
those contexts, a person can change views on and construct their own identities. If the identities are central to who they are
and the experience strengthens that view, the identity is considered thick. If the identities are tangential to who the person
is and the experiences do not support their identity, the identity is considered thin. Similar results have been found related
to teacher leaders whose identities varied over time as a result of experiences (Wenner & Campbell, 2018). Additionally,
this finding relates to the idea of a core identity (i.e., the aspects of self that are relatively stable over time), context (i.e.,
the social dimensions of surroundings that influence the self), and our meaning making capacity (i.e., the filter through
which influences do or do not affect the self) (Abes et al., 2007). For our participants, their meaning making capacity as it
relates to an undergraduate research experience impacted students uniquely. Additionally, this finding could be reframed
using role identity theory where the intersection of roles held, behaviors, and social interactions within context contribute
to development (Stets & Burke, 2000). Our results indicate that changes in how students rate their researcher identity on
an anchored scale can reflect the fluidity of someone’s researcher identity, but a number alone does not provide the whole
story as is the case with Riley, whose definition changed but not her score.

These differences contribute to our main takeaway that there are limitations to the interpretation researchers can make
about participant data regardless of whether it is quantitative or qualitative, single or multi-item. Incorporating mixed
methods into a study can be a way to offset some of the drawbacks and provide a more robust understanding of parti-
cipants’ experiences and perspectives. There is a need for more mixed method studies that help us understand the inter-
and intra-based differences that exist in identity research.

Future Work

While our fully integrated mixed method approach has led to a deeper understanding of undergraduate engineering stu-
dents’ researcher identities, there is much potential in using a similar approach to study the many role-based identities that
students hold and the intersections between those identities. For example, through our work we gained initial insights into
the intersection between students’ engineering and researcher identities, and we started to investigate identity develop-
ment over time during role transitions.

While our interviews focused on students’ researcher identities and their undergraduate research experiences, our par-
ticipants were all engineering students. Subsequently, for some participants, their engineering identities became a point
of discussion. For example, Max identified more as an engineer than a researcher, saying “Engineering feels ... it's more
problem solving and results focused. With research you do have problem solving and you do have results focus, but it's
less towards that end of it and more towards the how's and why’s.” During our research, we did not systematically explore
this identity or its connection to researcher identity for each participant. In future work, we recommend other identities
are explored and intersected for a deeper developmental understanding of the student experience. Fully integrated mixed
methods will be a useful way to examine multiple role identities in that participants can define the scales for multiple iden-
tities and the intersection points between them. Work such as this can also leave room for other identities beyond that of a
researcher or engineer, which may have profound impacts on students’ experiences in engineering, particularly for diverse
types of students.

Another area of exploration may be macro role transitions (Ashforth, 2000). Micro role transitions are the ones we exper-
ience day to day. For example, our participants were researchers in the lab and then students in the classroom. Macro role
transitions are larger transitions such as graduating and transitioning from undergraduate to graduate student. Two parti-
cipants were graduate students at the time of their interviews, so they were excluded from our dataset (our study focused
on undergraduate students). However, they did give us some insight into the macro role transition from undergraduate
to graduate student and the impacts of that transition on researcher identity. For example, Jesse felt less confident in his
research when he compared himself to other graduate students in his graduate program because his undergraduate cur-
riculum focused more on application than mathematical theory: “It was very difficult for me who had been educated more
on application and physical understanding to try to compete with people who are incredibly mathematically minded.” As
he continued in his graduate program, Jesse found his undergraduate education afforded him strengths that his colleagues
did not have: “I could present the theory in ways that my colleagues simply could not. That's what gave me confidence as a
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graduate student and maybe as a researcher..” These transitions merit further investigation into the impacts of identity on
student trajectories.

Finally, in addition to the potential future work related to identity, we see future work related to mixed methods design
and implementation. We used a fully integrated approach with grounded theory, but future work may investigate the
impacts of mixed method research on identity when different designs or frameworks are used. For example, an explorat-
ory sequential approach (Creswell & Plano Clark, 2018) in which interviews precede a survey could allow us to gain better
insights into identity differences across the institutions and institution types to include broader, more diverse popula-
tions. The timing between participant responses to surveys and interviews were partially impacted by our grounded theory
approach. Future studies may remove this limitation and gain valuable insight when our approach of an anchored item is
used with a different methodological approach. Impacts such as these are beyond the scope of this study but would provide
fruitful avenues for future work.

Conclusions

Identity is complex and merits a methodological approach that can uncover those complexities. Our fully integrated mixed
method approach used a combination of closed-ended and open-ended survey items to explore students’ identity on a sur-
vey and during an interview that were conducted between three and twelve months apart. This approach provided two key
opportunities: (1) we were able to ask participants to compare how they saw themselves as researchers at two time points
and (2) we were able to capture the full breadth of participants’ conceptualizations of who a researcher is. As a result, we
gained a more complete understanding of participants’ researcher identities, how they can change and how participants’
quantitative responses compare. Our work highlights the importance of considering students’ conceptualization of the
identity that is being measured, how students’ conceptualizations of that identity may alter their view of a rating scale over
time, and how the method of data collection (e.g., interview, survey) may impact participants’ responses.
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