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Understanding the Potential of a Holistic Cross-Disciplinary Project 
Experience in the Advancement of Professional Formation of Engineers 

 
Introduction  
 
The role of modern engineers as problem-definer often require collaborating with cross-disciplinary 
teams of professionals to understand and effectively integrate the role of other disciplines and accelerate 
innovation. To prepare future engineers for this emerging role, undergraduate engineering students 
should engage in collaborative and interdisciplinary activities with faculties and students from various 
disciplines (e.g., engineering and social science). Such cross-disciplinary experiences of undergraduate 
engineering students are not common in today’s university curriculum. Through a project funded by the 
division of Engineering Education and Centers (EEC) of the National Science Foundation (NSF), a 
research team of the West Virginia University developed and offered a Holistic Engineering Project 
Experience (HEPE) to the engineering students. Holistic engineering is an approach catering to the 
overall engineering profession, instead of focusing on any distinctive engineering discipline such as 
electrical, civil, chemical, or mechanical engineering. Holistic Engineering is based upon the fact that the 
traditional engineering courses do not offer sufficient non-technical skills to the engineering students to 
work effectively in cross-disciplinary social problems (e.g., development of transportation systems and 
services). The Holistic Engineering approach enables engineering students to learn non-engineering skills 
(e.g., strategic communication skills) beyond engineering math and sciences, which play a critical role in 
solving complex 21st-century engineering problems. The research team offered the HEPE course in 
Spring 2020 semester, where engineering students collaborated with social science students (i.e., students 
from economics and strategic communication disciplines) to solve a contemporary, complex, open-ended 
transportation engineering problem with social consequences. Social science students also received the 
opportunity to develop a better understanding of technical aspects in science and engineering. The open-
ended problem presented to the students was to “Restore and Improve Urban Infrastructure” in 
connection to the future deployment of connected and autonomous vehicles, which is identified as a 
grand challenge by the National Academy of Engineers (NAE) [1].  
 
Methodology 
  
The HEPE course was offered with the title, “Technology Innovation: Engineering, Economics, Public 
Relations.” The class was composed of twenty-one students, where twelve students were majoring in 
engineering disciplines, seven students in strategic communications, and two in economics. For 
comparison purposes, the research team selected two traditional civil engineering courses, where the 
hypothesis was that the engineering students of HEPE course would gather higher levels of learning on 
non-technical professional skills compared to traditional groups of engineering students. 
  
Comparisons between the HEPE and traditional groups were investigated by applying a Cross- 
Disciplinary Team Learning (CDTL) framework. The CDTL framework was developed by Lei [2], which 
has three-dimensions i.e., identification, formation, and adaptation. The identification dimension 
evaluated the readiness of students in forming teams with cross-disciplinary students and consisted of 
five constructs; (i) self-assessment (measures students’ knowledge and their perceptions, interests, and 
levels of confidence in terms of working with a cross-disciplinary team), (ii) information seeking 
(measures the extent students are focused to gather information on the scopes and requirements of the 
HEPE and roles of team members), (iii) personal goal setting (assesses the ways students set personal 



goals for the HEPE), (iv) strategic planning (measures students’ planning for the HEPE), and (v) self-
monitoring (measures the extent students self-monitor to achieve the HEPE outcomes). Formation 
dimension assessed engineering students’ performances in team formation and functioning and consisted 
of nine constructs; (i) team goal setting (assess the clarity and appropriateness of team goals among 
students), (ii) role identification (measures the extent the engineering students identify the role of team 
members), (iii) trust (measures the level of trust of engineering students on team members), (iv) 
interdependence (measures the dependency of engineering students on team members), (v) peer feedback 
(measures number of times engineering students ask peer feedback), (vi) expert feedback (measures 
number of time engineering students ask expert feedback), (vii) communication and collaboration tools 
(measures the effectiveness of using communication and collaboration tools), (viii) awareness (assesses 
the awareness levels of engineering students of the learning outcomes of cross-disciplinary team 
members), and (ix) appreciation (assesses the extent engineering students appreciate team members). The 
adaptation dimension assessed the perspectives of engineering students to collaborate and align their 
goals with cross-disciplinary students. Adaptation dimension consisted of three constructs; (i) goal 
alignment (measures the alignment of individual goals to team goals), (ii) shared mental models 
(measures team members’ ability to communicate and coordinate), and (iii) understanding (measures the 
extent engineering students became aware of, appreciate and apply cross-disciplinary knowledge over 
time). Each construct consists of multiple survey items. Three Institutional Review Board (IRB)-
approved pre-, mid-, and post-semester surveys were administered to gather HEPE students’ responses to 
the survey items. Similar three-stage surveys were administered among the traditional groups of 
engineering students. The questionnaire of these three surveys and details of the HEPE offering were 
presented in [3]. The research team gathered responses of seven and six students from the traditional 
groups 1 and 2, respectively. The analysis of variance (ANOVA) and one-sided t-test were used to 
investigate the difference in perceptions of the HEPE students among three stages of surveys as well as 
the difference in perceptions among HEPE and traditional groups of engineering students.  
 
Results 
 
Based on the analysis of survey responses, it was found that social science students in the HEPE course 
helped engineering students in identifying the comprehensive scopes and requirements of the open-ended 
problem and roles of cross-disciplinary team members. Engineering students in the HEPE course became 
more aware of the learning outcomes of social science disciplines in the context of solving engineering 
problems. In addition, a cross-disciplinary setting enabled engineering students in the HEPE course to 
seek higher feedback from peers and experts. The pre-survey revealed knowledge and perception 
similarities on the assessed constructs between the HEPE and traditional groups of engineering students. 
Between the HEPE and traditional groups of engineering students, the HEPE students showed higher 
interest in collaborating with the economics and strategic communication students in all three surveys. 
The mid-survey revealed that the HEPE students showed a higher average agreement level on the 
constructs of formation dimension (i.e., team goal setting, role identification, trust, interdependence, 
communication and collaboration tools, and awareness) compared to the traditional groups of students. 
The differences were significant for the team goal setting, trust, and awareness constructs (p-value ≤ 
0.05). However, the differences were reduced between HEPE and traditional groups in the post-semester 
survey. A similar finding was reported by Atadero et al. in terms of civil engineering students’ 
diminished appreciation for diversity (i.e., working with students from diverse backgrounds) due to 
indirect intervention (e.g., absence of direct exchange of knowledge) [4]. In our HEPE offering, online 
instruction and group meetings in the second half of Spring 2020 semester due to COVID-19 pandemic 
might lead to decreased performances of HEPE students in terms of team goal setting, trust, and 



awareness. The HEPE students showed higher average agreement on the goal alignment and shared 
mental model constructs in terms of working with a cross-disciplinary team than the traditional groups 
working in a team of engineering students only. In post-semester survey, a significant difference in 
agreement levels was observed on shared mental model construct between HEPE and traditional groups 
of students (i.e., average agreement levels were 4.18 for the HEPE students and 3.63 for both traditional 
groups, in a scale of 1 is strongly disagreed and 5 is strongly agreed).  
 
Conclusions  
 
The findings of the HEPE offering revealed the effectiveness of implementing a cross-disciplinary course 
setting in enhancing the team learning experience of the engineering students. In the pre-survey, the 
similarity between the HEPE and traditional groups was observed in most surveyed constructs. HEPE 
students showed better performances in the majority of assessed constructs in mid-, and post-surveys than 
the traditional groups of engineering students. Increased trust while working with cross-disciplinary 
students and higher awareness and appreciation of their learning outcomes are expected to help 
engineering students learn non-technical professional skills and work effectively in a collaborative 
environment. Overall, the findings gathered from this initial HEPE offering can provide early evidence to 
the engineering and broader higher education community in promoting similar HEPE course offerings to 
advance the professional formation of engineers. In future, the findings of HEPE course offering in 
Spring 2020 semester will be compared with the findings of the HEPE course offering in Fall 2020 
semester to investigate the consistency of the findings. In addition, future research will implement the 
HEPE concept in traditional engineering courses and evaluate engineering student’s learning beyond the 
conventional/technical skills.  
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