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Engineering Student Perspectives on  
Research and What It Means  

to Be a Researcher 
 
Introduction 
Undergraduate research experiences (UREs) have shown positive effects on students’ 
understanding of the nature of science, motivation, and academic performance. However, little is 
understood about how UREs affect students’ views of research and being researchers. The 
importance of understanding students’ identities as researchers lies in the alignment of their 
research skills with key aspects of their epistemic beliefs, or ways of knowing fundamental 
concepts in engineering and how to practice engineering. Our overarching research question is: 
How do undergraduate engineering students develop their identities as researchers and their ways 
of knowing engineering through research experiences? The outcomes of understanding how 
undergraduates develop researcher identities and engineering epistemic beliefs will inform the 
development of engineering education experiences to provide meaningful ways for students to 
engage, function, and learn in both traditional research and research-infused classroom learning 
environments.  
 
The research questions being explored in this project are:  

 
1. How do undergraduate engineering students conceptualize and construct what it means 

to be a researcher?  
2. What do these students perceive to be the factors that affect their researcher identity 

development?  
3. How do these students conceptualize and interpret epistemic frameworks of their fields 

(i.e. the nature of knowledge and knowing)?  
4. How do beliefs about the nature of knowledge and knowing develop within the contexts 

of students’ research experiences? 
 

We are conducting a multi-institution, multi-phase, mixed methods project using a grounded 
theory approach to address our research questions and expand existing identity and epistemic belief 
theories. In Phase I of the project, a survey with both close-ended and open-ended questions was 
used to gather data on research questions 1, 2, and 3 from engineering students from 4 institutions. 
Results informed interview questions and participant selection in Phase II, which entailed semi-
structured interviews to explore relationships between students’ epistemic beliefs and identity in 
the context of research. Quantitative and qualitative data from Phases I and II are being mixed 
throughout, from data collection and handling to analysis and interpretation1. Themes emerging 
from the interviews will inform an engineering-specific learning theory based on students’ 
epistemic beliefs and researcher identities as they engage in engineering research to address 
research question 4. This theory will be applied in Phase III to inform engineering educators and 
develop ways to integrate findings into engineering degree programs. Our target population for all 
phases and data types includes Mechanical Engineering (ME) and Biomedical 
Engineering/Bioengineering (BME) undergraduate students who have participated in research in 
some capacity. 
 
  



Summary of findings 
1) Evidence-based interview protocol about relationships between epistemic cognition and 

identity in the context of research 
Results from our pilot study and Phase I survey data analysis2 revealed four themes based on 
factors that students perceived as affecting their researcher identities: discovery, dissemination, 
integration into society, and self-regulation. These themes were used to develop a semi-structured 
interview protocol that included base questions and follow-up questions; follow-up questions 
allowed us to explore topics that participants were not initially able to verbalize on their own. For 
example, one base question asked about where knowledge in the field comes from; a follow-up 
question was added to prompt participants to identify ways they can produce knowledge in their 
field. This thread provided the opportunity to find links between identity and epistemic thinking. 
 
Following a grounded theory approach, our interview protocol has evolved in response to ongoing 
analysis of interview data. For example, when evidence of epistemic thinking was emerging, we 
added more follow-up questions in subsequent interviews to explore specific aspects of epistemic 
thinking such as epistemic cognition and epistemic metacognitive skill, knowledge and experience.   
 
To date, 22 interviews have been completed, and 14 interviews have been analyzed. Themes 
emerging from those interviews are showing that many of our participants conveyed sophisticated 
but differing definitions of what it means to be a researcher, and their perceptions of researchers 
positively and negatively influenced students’ researcher identity. 

 
2) Use of structured memoing to support a grounded theory approach and mixed-methods 

analyses 
The general process for coding interview data, which is currently ongoing, is to initially apply 
theory-level codes related to identity and epistemic thinking, followed by more specific codes for 
student beliefs, attitudes, and practices.  
 
Theory-level codes were developed to expand codes beyond those created from open-ended survey 
data, which did not fully align with data emerging from interviews of the participants. The theory-
level codes were used to isolate salient passages without the restriction of a more detailed 
codebook. Two main theories were used to develop theory-level codes:  
 

• Epistemic3,4: Epistemic cognition; epistemic metacognition; epistemic metacognitive 
skills, knowledge and experience 

• Identity5,6: Participants’ researcher identities and perceptions of researchers; Nature 
Identity; Affinity Identity; Preferential Identity; Institutional Identity; Discourse (Person) 
Identity; Discourse (Material) Identity 
 

These theory-level codes are important as we build our grounded theory; they define what the 
theory should be regarding the interconnections between epistemic thinking and identity. 
 
Specific codes were generated from in vivo coding of Phase I open-ended survey responses 
about what students describe that they are doing as part of their research experiences. From this 
list of potential codes, codes were identified based on what was found in Phase II interview 
transcripts. These include activities such as constructing knowledge that is new to participant or 



new to field, collaboration, testing ideas, and dissemination. Some codes reflect students’ 
attitudes and beliefs, such as career goals or plans; challenges they faced when doing research; 
and aspects of mentoring or supervision. Other codes reflect aspects of students’ experiences, 
such as recognition, failure, gaining skills, or feeling a sense of gratification. These codes will be 
particularly important for Phase III of this project, in which we will identify ways to transfer our 
findings to instructional practice and more traditional educational settings such as classrooms 
and labs. These codes reflect how students perceive the research process. 
 
For each transcript, two coders reviewed the transcript independently (blinded to each other’s code 
applications and reflections) using Dedoose, an online mixed-methods analysis software7, 
applying theory-level codes for epistemic thinking and identity, and specific codes for students’ 
descriptions of their attitudes, beliefs and perceptions about research processes. The two coders 
reflected on each coded passage using reflections connected to the applied code(s) to explain why 
they applied the code or combination of codes. In cases where multiple codes were applied to the 
same passage, reflections included a discussion on how these theory-level codes interacted with 
each other in the passage. Once the transcript was coded, a structured memo was co-constructed 
by the coders including a description of the participant, meaning-making about the participants’ 
perceptions of research, researcher identity and ways of knowing in engineering and research. 
Memoing is key to the process of theoretical coding to generate categories, form hypotheses about 
the relationships between epistemic thinking and researcher identity, and to test hypotheses about 
these relationships. For example, do certain kinds of identity co-vary with certain kinds of 
epistemic thinking? With respect to specific codes, do certain experiences or contexts influence 
identity and epistemic thinking? As our grounded theory study progresses, we have multiple 
options for testing hypotheses. We can modify our interview protocol to ask about hypothesized 
relationships (similar to member checking) for the last round of interviews, review memos to look 
for evidence of these relationships, and conduct mixed methods data analysis as the quantitative 
data allows to test hypotheses within quantitative survey data. 

 
3) Use of quantitative survey items as an interview prompt 
As part of both the survey and interview, participants were asked to rate how much they feel like 
a researcher using a scale of 1 (No, not at all) to 7 (Yes, very much). During the interviews, 
participants were asked why they picked their rating. Our analysis of interview data revealed that 
participants interpreted the end-points of the scale differently, their ratings changed between the 
time they completed the survey and the interview, because their definitions of research changed 
during that time, and some ratings decreased even though the participants believed they were 
better researchers. Using the numerical scale within the interview allowed for the participants to 
elaborate on their views of what it means to be a researcher. Using follow-up questions, the 
interviewers were able to often connect a participant’s researcher identity with their epistemic 
views. The interview data enhanced our interpretation of participants’ survey ratings, allowing us 
to capture richer data and align our interpretation through the participant’s perspective. 
 
Conclusions  
Although we have not begun Phase III of this project, in which we translate our research findings 
to educational practice, we can identify aspects of undergraduate research experiences that can 
build positive perceptions of research, researcher identity, and epistemic thinking, both for UREs 
and classroom practices. From our initial findings, these practices include: 



 
• UREs: 

o Allow students to observe and reflect on research practices and processes prior to 
participating on a project.   

o Refer to students as researchers, both in correspondence and in face-to-face 
meetings 

o Explicitly identify for students which activities are part of research process 
• Classroom environments: 

o Have students reflect on how knowledge in their field has changed over time and 
discuss the process of creating new knowledge.   

o Plan and conduct open-ended laboratory experiences or solve problems for which 
students and instructors do not know the outcome. 

o Ask students to reflect on the knowledge they gained that is new to them versus 
new to their field. 
 

Future Work  
The outcome of the first two phases of this work will be the development of a theoretical model 
that captures epistemic cognition and identity development during UREs based on our data and 
using a grounded theory approach. The final phase of the project will involve defining and 
describing the factors and experiences from UREs that students identified as having contributed 
to their researcher identity and transformed their epistemic beliefs. These factors and experiences 
will be translated to educational learning environments to leverage findings such that students in 
more traditional learning environments can benefit in the same ways as students who participate 
in UREs, such as developing identities as builders of new knowledge, as contributing to society 
and as effective communicators. 
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