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Abstract

This paper presents preliminary results from a study on the development of engineering doctoral student identity.
Although existing research suggests many factors could influence the formation of engineering identity in doctoral
students (e.g., on-campus vs. online status, gender, ethno-racial background, previous professional experience), very
little research explores identity development in doctoral engineering students specifically and on the process of
engineering identity development generally. This paper focuses on the design and initial implementation of a survey
to measure self-perceptions regarding researcher identity development, using a preliminary sample of 12 students
enrolled in a doctoral course in industrial engineering. Godwin’s [13] engineering identity scales are adapted to create
a three-factor model of researcher identity: recognition, interest, and performance/competence. The survey also
collects data on participant demographics, curricular and extra-curricular activities, specific challenges faced as
researchers, and career plans. Although findings are preliminary due to the sample size, they reveal that, on average,
participants presented high interest, high competence, and a moderate to high level of recognition; however, a few
displayed response patterns that might be indicative of “imposter syndrome,” with noticeably lower ratings than their
peers in one or more categories. Further, preliminary Cronbach’s alpha values provide initial support for the reliability
of the proposed scales. In addition to helping to address the research gaps previously identified, this study will
ultimately have practical impacts in designing more effective engineering doctoral programs and improving the
experience of engineering doctoral students from different backgrounds. Data collection from additional semesters
and additional students is ongoing.

Keywords

Survey, Research Identity Development, Engineering Identity, Engineering Identity Development

1. Introduction

The paper looks to address research gaps related to the process of formation of engineering doctoral student identity.
In the last two decades there has been increasing research attention on engineering identity formation [1]; however,
there is still relatively little knowledge about the process through which engineering students create their identity
[2,1,3]. Also, most of the studies that focus on engineering identity development are done with undergraduate
education [4,5,1,3]. This study will provide important data on engineering identity formation at the graduate level.
There are key differences between engineering undergraduate and graduate students, one being that most of the
graduate students in engineering already have an undergraduate degree (usually in engineering) [4], and many already
have a period of full-time professional experience before entering the graduate program. Therefore, most engineering
graduate students, especially doctoral students, already have a professional identity [6,7].

By understanding better the process of engineering identity development, this research looks to have an impact on the
design of engineering doctoral programs and the potential improvement of students’ mental health and attrition rates.
It is also an ultimate goal of this study to bridge gaps related to gender and race in graduation rates and make
engineering doctoral programs a more viable path for students. In general, the study looks to have a positive impact
on the overall engineering community (students, educators, researchers, and society).



2. Literature Review

This research focuses on identity as a multi-faceted concept that describes a person’s “sense of self” or “sense of
belonging” [8,9]. One of the facets of identity as a concept is professional identity, which refers to “personal
identification with the duties, responsibilities, and knowledge associated with a professional role” [10, p.631]. As a
specific type of professional identity, engineering identity has various definitions [2,1]; one of them is the extent to
which an individual and others recognize the individual as being and acting like “an engineer” [11,12]. Another
definition refers to the combination of the individual’s perceptions of their own skills in the engineering field, their
interest in engineering work, and the extent to which others recognize them as an engineer [13].

A previous study by Hancock and Walsh [14] explored STEM doctoral programs and the challenges they face to form
an effective professional identity in their doctoral students; this study [14] took into account the many recent changes
STEM doctoral students have in their academic landscape, in particular the fact that many of them now end up pursuing
non-academic careers but must still successfully forge a researcher identity. However, that study [14] did not focus
on engineering specifically. Another study by McAlister et al. [15] introduced a conceptual framework called the Role
Identities of Doctoral Engineering Students (RIDES) that helps understand engineering doctoral students' identities.
This framework provides a unique perspective to examine the dynamic interactions of different personal (ethnoracial,
gender, and other) and professional (student, engineer, researcher, and educator) identities of engineering doctoral
students; however, it appears the framework has not been tested empirically at this point. Another important point is
that neither of these studies [14,15] have explored or focused on the process of engineering identity formation; also,
these studies did not focus on the connection between doctoral engineering students and the creation of their
“researcher” identity; therefore, this research also assists in filling that research gap. Although, due to the paper length
restriction, the studies cited here are only examples of the existing literature, there is currently a need for more research,
particularly longitudinal research, on the process of identity formation in engineering doctoral students.

Another important concept explored in this research is impostor syndrome (or impostor phenomenon), which is
defined by Bravata et al. [16] as the situation when high-achieving people fail to interiorize their achievements and
are constantly scared of being exposed as impostors. Normally individuals with impostor syndrome tend to fail to
accept their success as due to their own competencies and skills [16].

3. Methodology

The results reported in this paper focus on administering a 30-question survey to a preliminary sample of 12 students
enrolled in a doctoral program within the industrial engineering department at a large state university. Participants
were invited from a summer course given on the university campus. All those invited accepted to participate, for a
response rate of 100%. To answer the survey, participants used smartphones and laptops. The survey’s creation
involved the use of the Qualtrics Survey Maker tool. This study was approved by the institution’s IRB as IRB2021-
856 Mapping Identity Development in Doctoral Engineering Students.

The items in the survey were mainly close-ended and quantitative, with a few qualitative and open-ended. The close-
ended items asked for information regarding participant demographics, researcher identity self-perception (based on
Godwin’s [13] engineering identity scales), satisfaction with the current degree program, curricular and extracurricular
events, perceived competence in several discipline-specific knowledge areas, and factors affecting the selection of
their major. Open-ended questions asked the participants to elaborate if they wanted (these were not mandatory) on
their answers to certain close-ended items. As indicated in Table 1, the constructs to measure researcher identity come
from an adaptation of the three-factor model of engineering identity from Godwin [13]. In her study, Godwin defines
recognition as “the feeling that others see them as a good engineering student”, interest as “desire/curiosity to think
about and do well in engineering”, and competence as “belief in the ability to perform required engineering tasks and
understand engineering content” [13]. The process of adapting Godwin’s [13] survey comprised taking the three
dimensions (recognition, interest, and competence), as well as the specific items within each dimension, and adapting
them from an engineering perspective to a researcher’s perspective. For example, Godwin’s first item for recognition
was “My parents see me as an engineer”, and the adapted survey question is “My family sees me as a researcher”. The
response scale used for the identity items was a 5-point Likert agreement scale: 1="Strongly disagree”, 2=“Disagree”,
3="“Neutral”, 4="Agree”, and 5=“Strongly agree”. Another recent study [17] took a similar approach to developing a
researcher identity measure, building upon Godwin’s [13] items but more significantly altering the wording of most
items and also adding 15 new items. Due to the similar approach, the first and third “recognition” items in the current
study coincidentally used identical wording as [17] but all other items differed.



Table 1. Comparison of Godwin’s engineering identity scales [13] and this paper’s researcher identity scales

Factor Godwin’s Items [13] Adapted Items
1. My parents see me as an engineer. 1. My family sees me as a researcher [17].
Recognition 2. My instructors see me as an engineer. | 2. My instructors see me as a researcher.
3. My peers see me as an engineer. 3. My peers see me as a researcher [17].
1. Tam interested in learning more about | 1. I am interested in learning more about
Interest engi.neering. . . . resegrch. .
2. Ienjoy learning engineering. 2. Ienjoy learning how to do research.
3. I find fulfillment in doing engineering. | 3. I find fulfillment in doing research.
1. Tam confident that I can understand research
1. Tam confident that I can understand concepts presented in my classes.
engineering in class. 2. I am confident that I can apply research
2. I am confident that I can understand concepts outside of class.
Performance/ engineering outside of class. 3. Ican do well on research projects in my field
competence 3. Ican do well on exams in engineering. of study.
4. T understand concepts I have studied 4. T understand research concepts I have studied
in engineering. in my degree program.
5. Others ask me for help in this subject. | 5. Others ask me for help using research
concepts.

Afterward, data from the survey was used to analyze the reliability of the survey, the average self-perception on the
three different identity dimensions (competence, interest, and recognition) for the sampling group, and response
patterns from participants in the group. The reliability of the survey was analyzed by calculating Cronbach’s alpha
values for each dimension. A subsequent interpretation of these results is provided in the Discussion section.

4. Results

As indicated in Table 2, results from the study showed that the group, as a whole, presented high interest, high
competence, and a moderate to high level of recognition. Due to the small sample size, no statistical tests of within-
group differences were conducted; however, potential patterns were observed. One participant presented noticeably
lower interest values than the rest of the group (participant F). Three participants presented noticeably lower
competence than the rest of the group (participants C, F and L). Four participants presented noticeably lower
recognition than the rest of the group (participants A, C, F, and K). The results shown consider participant I’s answers,
although this participant omitted answers from the survey regarding recognition and competence items.

Table 2. Participant, their average levels of identity items, and group average on the same items

Participant | Recognition Interest Competence

A 3.33 4.33 4.60
B 4.33 5.00 4.80
C 2.33 4.67 3.60
D 4.67 4.67 4.80
E 4.33 5.00 4.00
F 2.33 3.00 3.60
G 4.00 4.67 4.20
H 4.00 4.67 4.00
I 4.00 4.67 4.00
J . 4.00 .
K 2.33 4.67 4.00
L 4.33 4.00 3.00

Averages 3.63 4.45 4.05




Regarding reliability measures, the study involved calculating Cronbach’s alpha for multi-item questions involving
self-perception in the survey. These questions focused on: analyzing the influence of various factors on the decision
to pursue the major before (Question 7) and after one semester completed (Question 10), self-rating of preparedness
in different degree knowledge areas (Question 29), satisfaction in aspects of courses taken while in the program
(Question 13), agreement with statements referring to advising experience (Question 15), and agreement with
statements related to the three identity dimensions (Question 16). Excepting Question 16, the Cronbach’s alpha mean
for each multi-item question was not lower than 0.8, and, when analyzed for each item asked for each question, none
of them presented any value lower than 0.8 if the item on the respective question was deleted. Literature suggests that
over 0.7 is an acceptable level of reliability [18]. Although in the Discussion section specifics on Cronbach’s alpha
interpretation for this study are presented, Tables 3 and 4 summarize findings on Cronbach's alpha for the survey.

Table 3. Summary of Cronbach’s alpha values for Questions 7, 10, 29, 13 and 15

Self-perceived questions C. alpha
average Comments
Question 7 Deletion of any item did
Importance of factors before decision 0.839 not change C. alpha
to major below 0.8
Question 10 Deletion of any item did
Importance of factors after one 0.934 not change C. alpha
semester in major below 0.9
Question 29 Deletion of any item did
. 0.861 not change C. alpha
Preparedness level in areas
below 0.8
Question 13 Deletion of any item did
. . . 0.904 not change C. alpha
Satisfaction regarding courses taken
below 0.8
Question 15 Deletion of any item did
Agreement level for statements on 0.910 not change C. alpha
advising experience below 0.85

Table 4. Summary of Cronbach’s alpha values for Question 16’s researcher identity dimensions

Question 16 C. alpha
dimension average

Comments

Deletion of any
item did not
change C. alpha
below 0.8
Deletion of any
item did not
change C. alpha
below 0.65
Deletion of any
item did not
change C. alpha
below 0.65

Recognition 0.926

Interest 0.791

Competence 0.776

S. Discussion

From the results obtained from the identity dimension averages, the study showed that the participants of the group
presented on average a high level of interest, a high level of competence, and a moderate to high level of recognition.
This overall analysis changes when the scope goes from the entire group to individual participants. To highlight these
cases, participant L seems to have presented a form of imposter syndrome. Literature describes people with this
syndrome as high-achieving individuals who, despite their objective successes, fail to internalize their



accomplishments and have persistent self-doubt and fear of being exposed as a fraud or impostor [16]. This can be
recognized for this study as a lower level of self-perception on competence, independent of self-perceptions of
recognition and interest. This is the case that participant L presented, where the answers given showed the lowest level
of self-perception on competence among the entire group despite similar levels of interest and recognition to other
participants. A similar case of imposter syndrome appears to be presented by participant C. The difference between
these two cases was the recognition level. Participant C had noticeably lower perceptions of recognition than others
in the group, whereas, as previously noted, participant L had similar levels to others in the group.

Another interesting case is the participant with the lowest level of interest among the entire group: participant F. This
participant also had the lowest levels of perceived recognition in the group (tied with participants C and K) and among
the lowest levels of competence. As the perceived level of interest is also relatively low, this participant’s response
pattern does not seem to fit the classical imposter syndrome, but instead suggests a struggle to strongly establish their
researcher identity to date; this might suggest this individual will be at greater risk for attrition from the program.
Future research and examination of other study data (e.g., the linked journey maps being used for other aspects of the
study) might shed further light on the reasons for this finding. One potential factor is revealed in the answers to the
open-ended question where, when asked “Which of these jobs [jobs the participant believes their research skills
prepare them for] most interest you? Why?” the participant answered, “Make money, do not really care about all that
[sic] other things”. This response may potentially explain the lower values of recognition and interest, i.e., that the
participant’s motivation in seeking the degree might be primarily financial, and external recognition does not seem to
be important to them; however, it does not appear to explain the lower perceived competence level.

Finally, the results of reliability analysis (i.e., Cronbach’s alpha calculations) show that the self-perception questions
in the survey are reliable for the group analyzed. Literature supports this idea, because, according to Nunnally, at an
early stage of research, a value of 0.7 on Cronbach’s alpha is acceptable [18]. Preliminary results from the study
present the lowest Cronbach’s alpha value as 0.8 for all questions except Question 16. For Question 16, the lowest
Cronbach’s alpha value was for the competence dimension, with 0.776. Following Nunnally’s findings, this dimension
is reliable for this stage of research, but for future work, this value should ideally increase to at least 0.8. Another
important consideration relates to the change of Cronbach’s alpha values for interest and competence dimensions if
one or more items are deleted. In the current state, the deletion of at least one item for the interest and competence
dimension means a drastic fall in the reliability of the survey.

6. Conclusion

Results from this study are auspicious and should be taken as a starting point for future research on engineering identity
formation in doctoral students. These results include the reliability of the survey, where the study indicates, by
considering Cronbach’s alpha values, that the survey is reliable; this helps in assuring that the items adapted from
Godwin [13] are a good fit for measuring researcher identity levels in doctoral programs. Results from these adapted
identity scales showed that, overall, recognition had somewhat lower self-perceptions from doctoral students than
interest or competence; this suggests the need for doctoral programs to improve on the mentorship goals to have
students that feel more recognized. Individual participant results from items also presented interesting patterns, where
the background of participants will be important to consider in future research. These different backgrounds include
participant experiences while in the program. Projects or events that offer cross-functional collaboration or community
engagement can help encourage students to be involved with interdepartmental connections; thus, helping them to be
motivated and recognized by their professors or peers, and enriching their experiences.

A key limitation of this study is that results are very preliminary and the current sample size is only 12 students. While
these preliminary results are being analyzed, the next round of participants is being recruited. The hope is to increase
the sample size, which will strengthen analysis and potential conclusions obtained. This survey’s psychometric results
can be compared and enhanced in the future when new data from the next round of participants are available, as well
as compared to those from the longer researcher identity measure in [17]. Data from future rounds of data collection
will also be helpful to determine if new patterns can be found, at an individual or group level. Future work will also
focus on the longitudinal aspect of identity development in these and other study participants. Data from this study
considers participants in different semesters from their doctoral programs, but people in their seventh or eighth
semesters are the least frequent of all participants. Future research will help to determine if the self-perception from
the first and second-year participants will change or not over time. Finally, other related ongoing research using
different qualitative methods (e.g., journey mapping and focus groups) is already being conducted. Future work can
compare results obtained from these different methods, aiming to identify more prominent patterns.
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