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Reimagining Civil Engineering Graduate Programs: A Research-
to-Practice Approach for Shaping Future Transportation
Engineers

Project Overview

The existing curriculum and models for civil engineering graduate programs assume that
graduating students will primarily pursue career opportunities in research or academia, but recent
data suggests that there will be insufficient positions to meet the number of graduates. The NSF
National Science Board reported that the number of civil engineering Ph.D. graduates increased
33% from 2007 to 2017 [1]. However, the Bureau of Labor and Statistics (BLS) predicts only a
9% growth rate in new engineering faculty opportunities over the next 10 years, not keeping up
with the rate of Ph.D. engineering graduates [2]. As a result, graduate students will need to seek
non-academic roles in industry or the government upon graduation.

As part of a research study funded through the NSF Innovations in Graduate Education (IGE),
we are seeking to build upon an existing transportation engineering graduate program through
the integration of a research-to-practice model based upon cognitive apprenticeship. As part of
this model, we include practical experiences that we believe will prepare students for non-
academic roles while maintaining the program’s current level of scientific rigor. We will
evaluate the success of the new graduate program by investigating the following research
questions: 1) How does the cognitive apprenticeship framework prepare graduate students for
professional practice in transportation engineering? 2) What impacts does the research-to-
practice graduate model have on the development of transportation engineering graduate
students’ professional identity?, and 3) What impacts does the research-to-practice model have
on student motivation to complete an advanced degree in transportation engineering?

Any student currently enrolled in the Civil and Environmental Engineering (CEE) masters (14
total students) or doctoral program (20 total students) was eligible to participate in the research
components of the study. Proper human subjects’ approval was obtained prior to conduct of
research. This paper reports the findings from the initial phase of the project.

Project Focus Areas

As outlined in the provided research questions, this study focused upon identifying how a
cognitive apprenticeship model built into an existing CEE graduate program would help enhance
students’ preparation for professional practice in non-academic roles. We were also interested in
whether the changes to the curriculum would have any impacts on students’ professional identity
or motivation.



Cognitive Apprenticeship

As part of this research, we have chosen to focus upon a cognitive apprenticeship model to help
prepare students for the professional community. Cognitive apprenticeship is composed of four
dimensions: content, method, sequencing, and sociology [3]. Specifically, this study focuses on
the methods dimension, which is the largest dimension in the cognitive apprenticeship
framework [4]. Methods elaborates on the modeling, coaching, and scaffolding found in typical
apprenticeship by adding on approaches that aid in focusing on observations of problem solving,
and encouraging learner autonomy. Methods is categorized into six principles: modeling,
coaching, scaffolding, articulation, reflection, and exploration [4].

The application of the cognitive apprenticeship framework in engineering education has
continued to gain popularity due to its ability to transition students’ low-level competency to
higher levels, and its focus on learning in context [4]-[6]. The integration of cognitive
apprenticeship into engineering classrooms has been found to cover a broader range of learning
styles, and has shown an increase in overall teaching effectiveness compared to traditional
teaching approaches [7], [8]. Students exposed to cognitive apprenticeship in their classrooms
express more positive attitudes about the course, as well as increased class participation,
motivation, and pass rates [9], [10]. While the cognitive apprenticeship framework has proven
successful when applied to both undergraduate and graduate levels, its utilization in modeling an
entire engineering doctoral program has yet to be done.

To measure how students were benefiting from the integration of the cognitive apprenticeship
model we adapted the Maastricht Clinical Teaching Questionnaire (MCTQ) developed by
Stalmeijer et. al [11] for use in providing clinical teachers feedback from medical students
involved in a clerkship rotation. The MCTQ is a 24-item instrument where items represent a
principle of the Methods dimension and are rated on a Likert scale. In preparation for using the
MCTQ in the CEE graduate program, survey items were reviewed and rephrased to align with an
engineering graduate student setting. We then asked CEE graduate students to participate in a
think aloud study to determine (1) the effectiveness of the adapted MCTQ for measuring
graduate students’ perceptions of cognitive apprenticeship in their program, and (2) student’s
initial perceptions of cognitive apprenticeship based on their exposure to industry mentors in
their coursework. The think aloud study consisted of students verbalizing their thought process
as they responded to the adapted MCTQ. Participants were asked to rank each item within the
adapted MCTQ and were asked follow-up questions to further capture their thought processes
and factors which influenced their selections. Data collected from the think aloud interviews
included audio recordings of the interviews, as well as notes collected by a member of the
research team during the interview. Of the 34 eligible students, three consented to participate in
the cognitive apprenticeship think aloud, however it was later learned that only one student was
working with an industry member at the time of the think aloud study.



Preliminary results from this study highlighted the importance of modeling, coaching, and
exploration when working with their industry mentor. When responding to questions about
observing their mentor, the student described that interactions with their industry member always
provided them with information they could apply to their area of research. This was repeated
when responding to a question about their industry mentor helping them understand which aspect
they have to improve upon, saying that they often get new ideas to apply to their research from
their meetings. Similar themes were identified when the student was responding to a question
about their industry mentor encouraging them to form their own learning goals. The student
found value in their interactions with their industry mentor, stating there is “always a learning
outcome that comes out of these meetings that I could apply to my research.” These preliminary
findings show that through the use of the “learning-through-guided-experience” model the
cognitive apprenticeship framework is based on, students may be gaining a deeper understanding
of knowledge in their selected field, and have the ability to apply content they learn from their
industry mentors to their research projects [4].

Professional Identity

The development of a professional identity within engineering, known in the engineering
education field as “engineering identity”, has been identified as a construct to predict which
students might persist in engineering [12], [13]. Those with a stronger engineering identity are
more likely than those who have a weaker engineering identity to successfully complete their
education [14].

Students in the CEE graduate program were prompted to complete brief writing assignments
relating to their experience in classes, seminars, and other activities relating to their professional
development. Over the course of the study, there have been a total of 8 writing assignments
assigned. The prompts for these writing assignments are developed to function as responses to
specific events or activities. For example, the first writing assignment (distributed early in the
students’ first semester as a graduate student) included the prompt “What does it mean to be a
professional in transportation engineering?” A writing assignment following a DEI seminar
included the prompt “What did you learn that surprised you? Why?”

Written reflections are reviewed by members of the research team and summarized using an
analytic memo approach, where members of the research team independently review and
summarize the written reflections and begin to identify emerging themes [15]. These memos are
then further analyzed using Godwin’s engineering identity framework [16]. Using this approach,
researchers are able to examine changes exhibited by individual students, changes exhibited by
the entire cohort, and responses to specific events and activities. Of the 34 eligible students, 14
completed at least one of the writing assignments with the average student completing 3 of the 8



assigned writing assignments. Unfortunately, only 2 consented to participate in the research
component of the study.

Analysis of the two students’ first year of reflection assignments indicate that CEE graduate
students appear to identify with the labels of “engineer” and “researcher” as students identified
themselves in reflections as such both prompted and unprompted. However, the strength of
identity with these terms appears to vary over time; of the two students examined in the
preliminary results, one became more vocal about their identity over time, while the other pushed
their identity into the future, only referencing themselves as someone who “will be” rather than
someone who “is.” This might indicate that the student in question is, through graduate
education, learning to identify their own weak points, and therefore might temporarily identify
less strongly with the terms “engineer” or “researcher.” However, despite changes in label usage
over time, the participants frequently express enjoyment of / interest in relevant activities and
skills and describe the ways in which they steadily improve these skills. This indicates that,
regardless of label usage, the CEE graduate students are developing their engineering identity
through the fellowship experience [16].

Motivation

Graduate student attrition is a complicated phenomenon with many contributing factors. One
factor that is often considered in studies regarding attrition is motivation, both internal and
external [17], [18]. While graduate programs can offer external motivation in the form of
coursework and deadlines [19], internal motivators are also critical to student success and
persistence [20]. The Expectancy-Value Theory (EVT) of motivation considers social, cultural,
and psychological factors which may impact an individual’s motivation towards a particular goal
[21], such as completion of a graduate degree.

An engineering graduate motivation instrument was created by adapting the engineering specific
Expectancy-Value Theory instrument developed by Brown & Matusovich [22]. This instrument
was originally designed to measure undergraduate engineering students’ motivation toward their
engineering degree completion, and career choices through five motivational factors: Interest
Value, Attainment Value, Utility Value, Self-Efficacy, and Cost. Interest Value measures how
interested students are in obtaining their degree, Attainment Value measures the importance of
obtaining their degree, Utility Value measures how useful the degree is to the students, and Cost
refers to the amount of resources, such as time or money, which are required to obtain their
degree [20], [23]. Self-Efficacy refers to the confidence students’ have in obtaining their degree
[24]. The 35-item likert scale questions (range from 1 — strongly disagree to 7 — strongly agree)
were updated to reflect a graduate student setting and then finalized through a think aloud
protocol [23]. Survey data were collected from a sample of 28 students of the eligible 34 students
in Fall 2023. Reliability of the instrument constructs was verified through the use of Cronbach’s



Alpha, with values ranging from 0.617 for Attainment Value, to 0.909 for Cost. The three
remaining constructs obtained a Cronbach’s Alpha value above 0.7 [25].

Results from the engineering graduate motivation instrument are summarized in Table 1.

Table 1. Graduate Student Ratings of Motivational Factors Toward Degree Completion (Scale
ranging from 1 - Strongly Disagree to 7 - Strongly Agree)

Survey Construct Construct Mean
Interest Value 6.24
Attainment Value 6.22
Utility Value 5.28
Self-Efficacy 6.29
Cost 4.70

Interest Value, Attainment Value, and Self-Efficacy were all ranked between “agree” to
“strongly agree,” meaning that these students believe obtaining their graduate degree is
important, they are interested in obtaining their degree, and they believe they have the ability to
achieve this goal. Utility Value was ranked between “somewhat agree” and “agree,” meaning
that students see some value in what they are learning as part of their graduate degree, but may
not necessarily be able to connect it directly to their careers. Difficulties with making
connections between graduate program components and future careers was identified as a
potential weak point in students’ motivation towards degree progression [26] and is an important
area we hope to address through the integration of the cognitive apprenticeship component. Cost
was ranked between “neither agree nor disagree” and “somewhat agree,” meaning that money,
time, and other resources are somewhat impacted by obtaining their graduate degree. It is
important to note that a higher ranking would have indicated that students found the cost of
attaining a graduate degree to be more than its inherent value. Other research has shown that
graduate students may reach a point where their investment into their program is at such a level
that they cannot afford to walk away from the program [27]. Changes in the cost construct will
be an area that will be examined as we continue to monitor students’ motivation towards degree
completion to ensure that students have the best possible experience and do not feel pressured
towards degree completion.



Current Status and Future Work

By the end of the Fall 2023 semester, all CEE graduate students had met with an industry
member and were in the process of appointing graduate committees that explicitly included an
industry member. Moving forward, we plan on continuing to monitor CEE graduate student
professional identity development through periodic written assignments and will measure
changes in students’ motivation and perceptions of the cognitive apprenticeship components of
their program on an annual basis. Consent forms will be distributed again to students based on
human subjects’ review board specifications in hopes that we can increase the number of
students willing to participate in the research component of this study. Interviews with students
after reviewing their survey results will also be completed to better understand any trends
identified in the results.



References

[1] N.S.F. National Science Board, Higher Education in Science and Engineering, NSB-2019-
1.
Alexandria, VA: National Science Foundation, 2019.

[2] United States Bureau of Labor Statistics, Occupational Outlook Handbook. US Department
of

Labor, 2020.

[3] V. Akondy and S. Murthy, “From Novice to Expert Instructional Designer: A Training

Based on Cognitive Apprenticeship Model,” in 2015 IEEE Seventh International Conference on
Technology for Education (T4E), Warangal, India: IEEE, Dec. 2015, pp. 53-60. doi:
10.1109/T4E.2015.2.

[4] A. Collins, J. S. Brown, and S. E. Newman, “Cognitive Apprenticeship: Teaching the
Crafts of Reading, Writing, and Mathematics,” in Knowing, Learning, and Instruction: Essays in
Honor of Robert Glaser, L. Erlbaum Associates, 1989, pp. 453—494.

[5] E. Etkina, A. Karelina, M. Ruibal-Villasenor, D. Rosengrant, R. Jordan, and C. E.
Hmelo-Silver, “Design and Reflection Help Students Develop Scientific Abilities: Learning in
Introductory Physics Laboratories,” J. Learn. Sci., vol. 19, no. 1, pp. 54-98, Jan. 2010, doi:
10.1080/10508400903452876.

[6] S. Sheppard and Carnegie Foundation for the Advancement of Teaching, Eds., Educating
engineers: designing for the future of the field, 1% ed. in The preparation for professions series.
San Francisco, CA: Jossey-Bass, 2009.

[7] G. Poitras and E. Poitras, “A cognitive apprenticeship approach to engineering education:
the role of learning styles,” Eng. Educ., vol. 6, no. 1, pp. 6272, Jul. 2011, doi:
10.11120/ened.2011.06010062.

[8] D. Cernusca and D. Forciniti, “Instructional Videos with Purpose: Compensate, Support,
and Challenge Chemical Engineering Students in an Introductory Thermodynamics Course,” in
2011 ASEE Annual Conference & Exposition Proceedings, Vancouver, BC: ASEE Conferences,
Jun. 2011, p. 22.891.1-22.891.11. doi: 10.18260/1-2--18196.

[9] S. L. Pinto and S. M. Zvacek, “Cognitive apprenticeship and T-shaped instructional
design in computational fluid mechanics: Student perspectives on learning,” Int. J. Mech. Eng.
Educ., vol. 50, no. 1, pp. 51-77, Jan. 2022, doi: 10.1177/0306419020915725.

[10] K. Moodley, “Improvement of the learning and assessment of the practical component of
a Process Dynamics and Control course for fourth year chemical engineering students,” Educ.
Chem. Eng., vol. 31, pp. 1-10, Apr. 2020, doi: 10.1016/j.ece.2020.02.002.

[11] R.E. Stalmeijer, D. H. J. M. Dolmans, I. H. A. P. Wolfhagen, A. M. M. Muijtjens, and A.
J. J. Scherpbier, “The Maastricht Clinical Teaching Questionnaire,” Acad. Med., vol. 85, no. 11,
pp. 1732-1738, Nov. 2010, doi: doi: 10.1097/ACM.0b013e3181f554d6.

[12] A. Godwin, A. Kirn, and J. A. Rohde, “Awareness Without Action: Student Attitudes
Toward Team Diversity after Engineering Teaming Experiences,” Int. J. Eng. Educ., vol. 33, no.
6A, pp. 1878-1891, 2017.



[13] M. Bahnson et al., “Inequity in graduate engineering identity: Disciplinary differences
and opportunity structures,” J. Eng. Educ., vol. 110, no. 4, pp. 949-976, Oct. 2021, doi:
10.1002/jee.20427.

[14] A.D. Patrick, M. Borrego, and A. N. Prybutok, “Predicting Persistence in Engineering
through an Engineering Identity Scale,” Int. J. Eng. Educ., vol. 34, no. 2A, pp. 351-363, 2018.
[15] J. Saldafa, The coding manual for qualitative researchers, 3. edition. Los Angeles, Calif.
London New Delhi Singapore Washington DC: SAGE, 2016.

[16] A. Godwin, “The Development of a Measure of Engineering Identity,” presented at the
2016 ASEE Annual Conference & Exposition, Jun. 2016. Accessed: Jan. 16, 2024. [Online].
Available: https://peer.asee.org/the-development-of-a-measure-of-engineering-identity

[17] J. A Gilmore, A. M Wofford, and M. A Maher, “The Flip Side of the Attrition Coin:
Faculty Perceptions of Factors Supporting Graduate Student Success,” Int. J. Dr. Stud., vol. 11,
pp. 419-439, 2016, doi: 10.28945/3618.

[18] L. S. Spaulding and A. Rockinson-Szapkiw, “Hearing their Voices: Factors Doctoral
Candidates Attribute to their Persistence,” Int. J. Dr. Stud., vol. 7, pp. 199-219, 2012, doi:
10.28945/1589.

[19] I M. Hasbun, H. M. Matusovich, and S. G. Adams, “The Dissertation Institute:
Motivating doctoral engineering students toward degree completion,” in 2016 IEEE Frontiers in
Education Conference (FIE), Erie, PA, USA: IEEE, Oct. 2016, pp. 1-5. doi:
10.1109/FIE.2016.7757508.

[20] J.S. Eccles and A. Wigfield, “Motivational Beliefs, Values, and Goals,” Annu. Rev.
Psychol., vol. 53, no. 1, pp. 109-132, Feb. 2002, doi: 10.1146/annurev.psych.53.100901.135153.
[21] M. S. Artiles and H. M. Matusovich, “Examining Doctoral Degree Attrition Rates: Using
Expectancy-Value Theory to Compare Student Values and Faculty Supports,” Int. J. Eng. Educ.,
vol. 36, no. 3, pp. 1071-1081, 2020.

[22] P. Brown and H. Matusovich, “Unlocking Student Motivation: Development of an
Engineering Motivation Survey,” in 2013 ASEE Annual Conference & Exposition Proceedings,
Atlanta, Georgia: ASEE Conferences, Jun. 2013, p. 23.1284.1-23.1284.17. doi: 10.18260/1-2--
22669.

[23] E.R.Mgjia and C. A. Bodnar, “Work in Progress: Designing a Survey Instrument to
Assess Graduate Student Motivation Towards Degree Completion,” presented at the 2023 ASEE
Annual Conference & Exposition, Jun. 2023. Accessed: Jan. 16, 2024. [Online]. Available:
https://peer.asee.org/work-in-progress-designing-a-survey-instrument-to-assess-graduate-
student-motivation-towards-degree-completion

[24] A. Bandura, Self efficacy: the exercise of control. New York (N.Y.): W. H. Freeman,
1997.

[25] M. Tavakol and R. Dennick, “Making sense of Cronbach’s alpha,” Int. J. Med. Educ.,
vol. 2, pp. 53-55, Jun. 2011, doi: 10.5116/ijme.4dfb.8dfd.

[26] Perkins, H., Tsugawa-Nieves, M., Bahnson, M., Satterfield, D., Parker, M., Kirn, A., &
Cass, C. (2019). Motivation Profiles of engineering doctoral students and implications for



persistence. 2019 IEEE Frontiers in Education Conference (FIE).
https://doi.org/10.1109/fie43999.2019.9028565

[27] Sallai, G. M., Bahnson, M., Shanachilubwa, K., & Berdanier, C. G. (2023). Persistence at
what cost? how graduate engineering students consider the costs of persistence within attrition
considerations. Journal of Engineering Education, 112(3), 613-633.
https://doi.org/10.1002/jee.20528



https://doi.org/10.1109/fie43999.2019.9028565

