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Bridging the gap between industry and academia and developing students’ engineering 
identity 

 
With the evolution and expansion of the chemical industry, the gap between academia and 
industry is broadened. The skills that the workforce expected from practicing engineers are not 
taught in the typical chemical engineering undergraduate core curriculum. Students become less 
engaged and less motivated by not seeing the applications of course content in their courses. 
Therefore, they struggle to identify with the field and develop skills necessary for the workplace. 
This NSF PFE: RIEF project aims to bridge the gap by implementing industry-relevant 
contemporary problems into a sophomore chemical engineering course. 
 
The project’s main goal is to understand how the implementation impacts students’ engineering 
identity and self-efficacy development. We employed a design-based research approach (DBR) 
with one baseline and two full enactment cycles. In each cycle, students are surveyed, and focus 
groups are interviewed before and after implementation. 
 
In this paper, we will present the details of data collection, analysis, and findings from the results 
from all three semesters. The challenges and gains of adopting the approach and how to transfer 
to other programs will be further discussed. 
 
Introduction 
 
The chemical engineering field has expanded, resulting in an increased gap between academia 
and industry [1-3]. This gap was acknowledged by John Chen at the 2013 American Institute of 
Chemical Engineering (AIChE) Annual meeting, who highlighted that the areas of growth in 
engineering research and faculty development differ from the areas that require new workers in 
engineering fields [4]. To bridge the gap between academia and industry, three main areas 
require attention: course content, faculty development, and teaching methods. The chemical 
engineering curriculum mostly focuses on fundamental concepts and lacks contemporary 
industry applications, and essential interpersonal and intrapersonal skills are expected to be 
learned later on in activities like senior design and unit operations lab. Faculty members teaching 
courses are typically specialized in their research areas, but they lack the knowledge and skills in 
various chemical engineering areas and do not update themselves on modern practices. 
Traditional lecture-based teaching methods have been ineffective in promoting high-level skill 
development and self-learning in engineering problem-solving [5-7]. Instead, design thinking, 
integrated or inductive-learning models, and abductive-thinking, which introduce fundamental 
principles in the context of solving a given engineering problem, are being used as new 
paradigms in engineering education [8-13]. These models provide learners with an environment 
for problem-solving while offering feedback and guidance. There are also many active learning 
strategies like cooperative learning, problem-based learning, hands-on learning, and computer 
simulation that have been shown to improve student learning and engagement [14-19]. However, 
many chemical engineering faculty members are not trained in these educational methods and 
tools and are unaware of their implementation in today's engineering education. 
 
To sum up, as the chemical engineering field has grown, the gap between industry and academia 
has widened, with faculty struggling to keep their courses and practices contemporary. The 



development of interpersonal and intrapersonal skills is not systematically included in programs, 
leading to disengaged students who lack the necessary knowledge and skills. This gap is 
particularly significant for first-generation college students, who may lack connections and role 
models in the engineering field, making it harder for them to develop a professional identity and 
sense of belonging [20-23]. Research shows that identity and fit are crucial factors in choosing, 
retaining, and pursuing a career in engineering, with underrepresented groups like women 
experiencing identity conflicts and gender roles that affect their retention in the field [27-29]. 
 
The Current Study 
 
The study aims to update classroom content by introducing contemporary industry-relevant 
problems designed by industry professionals. The research uses design-based research with 
multiple implementation cycles to answer the question of how effective this approach is in 
promoting professional identity formation and industry-relevant competencies. The study also 
addresses questions about students' understanding and interest in these applications, the 
relationship between students' identity and course performance, and the impact of the approach 
on underrepresented groups, especially women. The iterative cycles pursue an answer to the 
following overall research question:  
  
How effective is the proposed approach in impacting professional identity formation and 
promoting industry-related competencies?  
 
Answering this overall research question requires that we also address a series of related and 
precursor questions associated with the design, implementation, and evaluation of the proposed 
components of the proposed approach in the CHE 210 “Mass and Energy Balance” course. 
Among these are the following:  
(1) what are the students’ understanding of these applications and their impact on students in 
terms of interest, knowledge of applications, and professional identity formation?  
(2) What is the relationship between students’ identity and course performance and 
assessments?  
(3) Is there a significant impact of the proposed approach on underrepresented groups especially 
women?  
 
Theoretical Framework 
The proposed research is based on an engineering identity framework developed by Godwin, 
which is grounded in Hazari's quantitative measure of physics students' identity [34, 35]. This 
framework defines engineering identity as a role identity, where students describe themselves 
and are perceived by others as engineers. Engineering identity is composed of three dimensions: 
personal interest in engineering, recognition by others, and belief in one's competence in 
disciplinary tasks [34,35]. This framework has been widely used in measuring engineering 
identity, particularly among first-year engineering students [36]. 
 
Methods  
  
To understand the impacts of the intervention on self-efficacy and engineering identity, 
contemporary industry-relevant problems were designed and introduced to the targeted course. 



Instruments for assessing self-efficacy and engineering identity were developed and employed. 
Each of these is further explained below: 
 
Contemporary Industry Problems Design 
 
The project team worked with six industry professionals designing a diverse topic of problems. 
Problems were selected from global issues such as plastic recycling, renewable energy, carbon 
recycling. Mentors gain and challenges were published in a previous ASEE paper [37]. In 
addition, videos and details of the problems were also published at 2022 ASEE Annual 
Conference proceedings [38].  
 
Introduction of Contemporary Industry Problems into Targeted Course 
 
The proposed research aims to evaluate the impact of both curriculum changes and interaction 
with industry mentors on students' identity development. To do this, the study employs multiple 
implementation conditions, including a baseline condition where only industry-relevant problems 
were introduced to the course, without interaction with industry mentors. This baseline condition 
was implemented in the Spring 2021 semester, which was delivered asynchronously due to the 
COVID-19 pandemic. In Fall 2021, the course returned to in-person instruction, and the full 
implementation was introduced, including three problems assigned to students, mentor 
interactions, and end-of-semester presentations with direct feedback from mentors. Based on the 
feedback from Fall 2021, the implementation was redesigned and introduced in Spring 2022. 
Two problems were assigned in Spring 2022 along with mentor interactions and students’ 
presentations.  
 
Instrument Development and Employment 
 
The study used two survey instruments to measure self-efficacy and engineering identity, which 
were chosen based on literature and piloted in two different courses. The surveys were 
implemented at the beginning and end of the Spring 2021, Fall 2021 and Spring 2022 semesters. 
Additionally, the study conducted interviews with randomly selected students, stratified by 
gender, at the beginning and end of both semesters, as well as with two mentors and the course 
instructor at the end of the three semesters.  
 
Data Analysis 
  
The research team experienced a low response rate to survey questions in the Spring 2021 
semester, possibly due to minimal in-person contact with students because of the asynchronous 
delivery of the course. To improve response rates in the Fall 2021 semester, incentives such as 
extra credit were included, resulting in a more than 75% response rate. Following the IRB 
protocol (Protocol # 2020-1528), students were given the opportunity to earn extra credit by 
completing the survey. Before distributing the survey, students were provided with an 
explanation of the purpose of the survey, how the data would be used, and a statement indicating 
that participation was voluntary and that they could skip any questions they did not feel 
comfortable answering. All the students completed the survey were provided extra credit . 
However, responses were analyzed using only the data from students who had given consent for 



their answers to be used for research purposes. The research team also conducted interviews with 
randomly selected students, mentors, and the course instructor at the beginning and end of each 
semester, and the interviews were transcribed and analyzed using content analysis software 
MAXQDA. This analysis helped the team identify challenges, difficulties, and gains of adopting 
the proposed approach and evaluate student outcomes. 

Results and Discussions 
 
Quantitative analysis has shown that female students have lower self-efficacy compared to male 
students. Table 1 summarized the sample sizes for four courses where survey was conducted: 
two CHE 210 (targeted course for two different semesters), one CHE 201 “Introduction to 
Thermodynamics” (very first courses that students take from chemical engineering department), 
and one CHE 396 “Senior Design I” (senior year course that one of the last courses from 
chemical engineering department). As seen in Figure 1, this gap is not significant in the first 
chemical engineering class (CHE 201, where survey is piloted). However, the gap gets bigger in 
CHE 210 (targeted course, the Mass and energy balance course) and gets smaller again in CHE 
396 (senior design course, where the survey is piloted). This suggests that it is very important to 
have support mechanisms for women in chemical engineering especially in early chemical 
engineering courses.  
 
Table 1. Sample sizes for each course  
 Number of Students Percentage  
CHE 201 (Fall 2021)     
Female 6 38% 
Male 10 63% 
CHE 210 (Fall 2021)     
Female 7 35% 
Male 13 65% 
CHE 210 (Spring 2022)     
Female 7 41% 
Male 10 59% 
CHE 396 (Fall 2021)     
Female 13 41% 
Male 19 59% 

 



 
Figure 1: Self-efficacy measurements of female and male students from different courses. Surveys are 
conducted at the beginning and end of semester.  
 
Survey data analysis is still ongoing, and we will have more accurate picture after we complete 
the analysis. 
 
Qualitative analysis has shown the following results:  
 
Interest 
 

• Students’ interest in chemical engineering mainly stems from their interest in chemistry. 
They also mention that their interest is stemming from physics. Surprisingly they do not 
report interest in math, they report that they are good at math instead of they like math. 
They have different reasons why they choose chemical engineering instead of chemistry: 
problem solving, more challenging, math/physics component.  

• Many students choose chemical engineering influenced by others such as their chemistry 
teachers, family members etc. Around half of them chose the field influenced by online 
resources.  

• There are very diverse paths that lead to chemical engineering: brewing, Legos, 
inventing, water science and automotive mainly secondary fields.  

• Many students know CHE is a broad field, but they are uncertain about how to define 
chemical engineering. However, at the end of the semester, when we ask the same 
question, all of them had a clear definition of chemical engineering.  
 

Overall implementation was impactful on helping students define what chemical engineering is 
and keep their interest in the field by introducing broad range of applications. Many students lose 
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their interest in sophomore year and quit engineering. Retention rate for both semesters were 
more than 90%.  
 
Performance/Competence 

• Students recognize CHE is a hard degree.  
• They measure their performance/competence based on the understanding. Almost all 

mentioned they want to have deeper understanding of the material. However, it is hard to 
assess understanding, their currency is grades.  

• Implementation helped them to have better understanding as well as a metric to measure 
their understanding. Since midterm and final exams do not represent real-world, our 
implementation gave them a metric to see if they are able to perform real-world industry 
problems.  

• They recognize the connectedness of course material with the industry-problems which 
made them pay more attention to class content and try to understand course material 
deeply.  

 
Recognition 
 

• Students report that others such as friend and family members recognize them as 
engineer, however, that does not mean much to them. Those people do not know what 
chemical engineering is and they recognize students as chemical engineer just because 
they are pursuing chemical engineering degree.  

• Almost all reported that they do not recognize themselves as chemical engineers, instead 
chemical engineer in progress. They base the recognition on knowledge. “I lack 
knowledge; thus, I do not recognize myself as a chemical engineer”. But they do not 
define what the knowledge is and how to achieve that.  

• They are self-aware and confident, mentioned that if they recognize themselves as 
chemical engineers, they do not need others to recognize them as chemical engineers.  

• For many of them, at this stage, recognition was not important.  
 
The impact of implementation on the recognition scale was seeing mentors as role-models and 
interacting with them. Almost all students did not know a chemical engineer before, and mentor 
videos and interactions helped them meeting with professional chemical engineers and seeing 
their future in them.  
 
 
Future Work  
 
We had collected both qualitative and quantitative data during three semesters of 
implementation. All data was cleaned, organized, coded individually and as a group. This data is 
currently being analyzed.  
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