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A model for improving stakeholder-focused
communication in undergraduate civil engineering

Abstract

The motivation for this study is to examine the impact of a novel stakeholder-focused civil
engineering communication course on students’ self-reported communication proficiency. Civil
and environmental engineering projects are often publicly funded; public participation is often
required as part of the project cycle and meaningful engagement of a variety of stakeholders is
critical to project success. However, the inclusion of a stakeholder-focused communication class,
taught by engineering faculty for engineering students, is the exception rather than the rule. The
purpose of this work was to determine the effectiveness of this new course — the development of
which was supported by a departmental external advisory committee of engineers in industry,
government, and academia — to train engineers entering practice in critical communication skills.
Self-reported communication proficiency was assessed through pre- and post-course survey
instruments issued at the beginning and end of the semester. Students were asked to report their
familiarity with a variety of communication tools and their proficiency in written and in-
person/oral communication. Data was evaluated for significance using a two-sample t-test
assuming unequal variances. Data collected over three years indicate that the course results in a
significant improvement in written and in-person/oral communication skills, though in-
person/oral communication skills do not improve to the same extent as written communications.
This demonstrates that an intensive, stakeholder-focused civil engineering communication course
can be effective in training students for entry into engineering practice and prepares them for
interacting with a range of stakeholders in civil engineering projects.

Introduction

Today, the practice of civil engineering encompasses more than a sound understanding of statics,
fluid mechanics, and linear algebra. Sustainability, cross-disciplinary knowledge, project
management, and other skills are critical for today’s engineering graduates to be competitive in a
workplace that can range from global to hyper-local. Among these critical competencies is the
suite of written and in-person communication skills that the American Society of Civil Engineers
includes in the most recent revision of the Civil Engineering Body of Knowledge (ASCE BOK3)
[1]. “Excellent written and oral communication skills” have been recognized as critical to
engineering since the 1990s and are included in nearly every engineering-related job vacancy
today [2]. Communication and interpersonal skills become even more important for
progressively higher leadership and management responsibilities in the workplace. Accreditation
organizations such as ABET clearly recognize the need for students to be able to demonstrate
communication skills as part of Student Outcome 3, and undergraduate civil engineering
programs must demonstrate how they incorporate and assess their students’ communication skills

[3].



History is replete with examples of infrastructure being used as a tool — both intentionally and
via so-called “benign neglect” — that creates or perpetuates structural inequities [4]-[8]. It is
imperative that civil engineers recognize the impact of their work on people and normalize the
meaningful involvement of stakeholders in site development, transportation, energy, and other
infrastructure projects. Community members must have access to and influence in decision-
making around these projects to advance procedural justice and begin to counteract the history of
disparate impacts of civil engineering projects. Effective communication with stakeholders is
critical to meaningful involvement and developing trust [9]-[11].

Communication in the civil engineering curriculum

A technical writing class has been part of the University of Delaware’s civil engineering
curriculum since at least the early 1990s; about a decade later, an additional public speaking
course was added [12], [13]. Despite this curricular focus on communication, the Department of
Civil and Environmental Engineering, in consultation with its External Advisory Committee,
identified that additional efforts were needed to develop eftective communication skills in
graduates. As a result, a novel course, Communicating with Stakeholders in Engineering, was
developed and added to the civil engineering curriculum to address the needs of industry and
society. This course is unique in undergraduate civil engineering curricula and, generally,
incorporation of engineering communication classes is the exception — rather than the rule — for
engineering programs. Although it has been criticized, the US News and World Report top ten
ranked programs in the US for undergraduate civil engineering were evaluated; only the
University of Texas — Austin and Purdue University required communication courses that were
offered from within civil engineering departments [14]-[17].

A new course to develop communication competencies

The Communicating with Stakeholders in Engineering course has been described in detail
elsewhere [18]. The course is required of second-year civil engineering students and is available
as a technical elective to other engineering disciplines. The course introduces public participation
principles — including the IAP2 Public Participation Spectrum — and tools, like the US EPA
EJSCREEN Mapper, to understand stakeholder groups [19], [20]. The course also focuses on
understanding stakeholder interests in projects, the importance of incorporating stakeholder
feedback into projects, and developing appropriate communications — from fact sheets to social
media campaigns to public meetings — to ensure information about civil engineering projects is
received, understood, and acted on by the audience. The course is highly interactive, with small
group activities, polling, and other in-class interactions in every class meeting. The course is also
regularly updated to address current events in civil engineering that have a critical
communication component. For example, in spring 2023, the Norfolk Southern train derailment
in East Palestine, Ohio, and the Philadelphia Water Department’s tracking of a latex product spill
in a tributary to the Delaware River were analyzed from a communication perspective [21], [22].
In addition to the small-group in-class activities, the course includes reflective activities,



homework assignments, and a culminating semester project with both group and individual
components to provide students with practice in creating a multitude of communication products
that — together — result in a comprehensive project communication plan. The course employs a
hybrid specifications-/point-based grading approach [23]. Additionally, a limited number of
revisions are available for students to improve their work in response to written and video
feedback on assignments; feedback and opportunities to implement feedback are valuable to
learning [24], [25].

In light of this investment in course development and curricular change, the goal of this work is
to assess the impact of the course on civil engineering students to understand whether it has been
effective in improving students’ written and in-person communication skills so that they may
enter practice with greater capacity to effectively engage project stakeholders.

Materials and methods
IRB review

This course was first required of students in spring semester 2021. To prepare to collect data, an
IRB application was made in early 2021 (IRBNet ID Number 1717434-1, Assessment of student
experience and perceived competency in engineering education). The IRB exempt letter was
published on February 18, 2021, and will persist until and unless changes are made to the
information collection process. This exemption applied throughout the duration of this study
which included the course offerings in spring 2022 and spring 2023.

Course enrollment, format, and survey details

Details of each of the three course offerings are presented in Table 1. Data was gathered through
a survey instrument disseminated through an anonymous Google Form at the beginning and end
of each semester. Students were able to respond only once to each pre- and post-survey.

The pre-course survey included three questions. The first question asked How would you rate
your experience creating the following communication materials? Students were asked about
their experience in creating ten types of communication products or tools: professional emails;
reports and research papers; fact sheets, pamphlets, or brochures; technical posters; PowerPoint
or Google Slides presentations; professional social media posts; web pages; message maps;
communication plans; and evaluation plans. Students were asked to rate their experience on a
three-point scale of no experience, some experience, or extensive experience.

The final two questions were included on both the pre- and post-course surveys; students self-
rated on a scale of 1-10, with 1 representing extremely poor ability, and 10 representing that
students were expert/able to train others. These two questions focused on written
communication (How would you rate your ability to produce effective, audience-focused written
communications [for example: emails, reports, fact sheets, research papers, other written
documents]?) and oral/in-person communication (How would you rate your ability to



communicate effectively with specific audiences through in-person formats [for example: formal
presentations, including speaking and preparation of presentation materials, informal in-person
discussions, other formats which require presentation of material to a live audience]?).

These questions were presented to students taking the course in spring 2021, spring 2022, and
spring 2023. Details of course size, format, survey availability period, and incentives offered for
responding to the survey are also presented in Table 1. Response data was analyzed in Microsoft
Excel using a two-sample t-test assuming unequal variances.

Table 1. Details of CIEG 411, Communicating with Stakeholders in Engineering, and course
pre- and post-surveys.

Spring 2021 Spring 2022 Spring 2023
# of students 53 (2 sections: 29/24) | 66 67
# of respondents 25/9 14/22 58/65
(pre/post)
Course format Online, synchronous | In-person In-person
Cameras mostly off | (masked/COVID) Large classroom
Deep, narrow room with hexagonal, 6-

with students at long person tables
tables and inflexible
seating

Survey availability | Anonymous Google form available first week of class for pre- survey
and last week of class for post-survey; surveys available for 5-9 days

Incentive for None None Minimal extra credit
responding

Results
Pre-course familiarity with communication products

The results of the pre-course survey question on familiarity with communication products are
presented in Figures 1-3. At the beginning of the semester, students consistently rated themselves
as most experienced with presentations in PowerPoint or Google Slides. This is not surprising, as
today, students are introduced to creating Google Slides as early as elementary school. Students
also reported having at least some experience with technical posters, fact sheets (and similar
written documents), reports/research papers, and professional emails. The least familiar
communication products were professional social media posts, web pages, message maps,
communication plans, and evaluation plans.



Figure 1. Responses to spring 2021 pre-course survey baseline question.
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Figure 2. Responses to spring 2022 pre-course survey baseline question.
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Figure 3. Responses to spring 2023 pre-course survey baseline question.
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Pre- and post-course perceived ability

A summary of pre- and post-course survey responses from the final two self-evaluation questions
is presented in Table 2. In response to the question on perceived ability to produce written
communications, in the three semesters included in the analysis, students increased between 1.76
and 2.03 points on the 10-point scale between the pre- and post-course surveys. For the question
on oral/in-person communications, student responses indicate a self-reported increase in ability
between 1.4 and 1.56 points on the 10-point scale. There was statistically significant increase at
the p = 0.05 level in self-reported written and oral communication skills every semester, and in
the aggregate of all respondents to the pre- and post-course survey over this three-year period.



Table 2. Summary of data collected in pre- and post-course surveys.

Written Oral t-Test: Two-Sample Assuming Unequal
Variances
2-tail p values reported
Pre Post Pre Post N Variance Significant
Mean | Mean (SD) | Mean | Mean (SD) | (pre/post) | (pre/post) difference?
(SD) [delta] (SD) [delta] (p =0.05)
Spring 6.64 8.67(0.71) | 6.16 7.56 (0.88) | 25/9 Written: Yes
2021 (1.35) | [+2.03] (1.93) | [+1.4] 1.82/0.5 p =5.29E-6
Oral: Yes
3.72/0.78 p =0.0073
Spring 6.35 8.36 (0.90) | 6.21 7.77 (1.07) | 14/22 Written: Yes
2022 (1.78) | [+2.01] (1.89) | [+1.56] 3.17/0.81 p=0.0011
Oral: Yes
3.57/1.14 p=0.011
Spring 6.46 8.22 (0.96) | 6.24 7.69 (1.32) | 58/65 Written: Yes
2023 (1.39) | [+1.76] (1.73) | [+1.45] 1.94/0.92 p =2.04E-12
Oral: Yes
2.99/1.74 p=107E-6
All 6.49 8.29 (0.93) | 6.22 7.70 (1.22) | 97/96 Written: Yes
semesters | (1.43) | [+1.8] (1.79) | [+1.48] 2.04/0.86 p = 1.05E-19
Oral: Yes
3.19/1.49 p =2.54E-10

Figure 4 presents survey data from each semester in response to the question on perceived ability
to produce written communication products. The box and whisker plots include the response
median (line); the mean of responses (X); the interquartile range (IQR, indicated by the box).
The ends of the whiskers represent minimum and maximum values that are not determined to be

outliers. Outliers were only identified in the spring 2023 written communication survey results
(noted by the points on Figure 4c¢). Outliers are designated as such if they have values 1.5x the
IQR larger than the third quartile or 1.5x the IQR smaller than the first quartile.

Figure 5 presents the survey responses to the question on perceived ability to produce oral or in-
person communications. These graphs illustrate the increase in perceived ability to create both
types of communications — written and oral — as well as the less notable increase in perceived
ability to produce oral products, as compared to written communications. As is clear from the
graphs and the t-tests, although there was a significant increase in perceived in-person (oral)
communication ability, it was less significant that students’ perceived improvement in written
communication formats.




Figure 4 a-c. Responses to the survey question How would you rate your ability to produce
effective, audience-focused written communications (for example: emails, reports, fact sheets,
research papers, other written documents)? For (a) spring 2021, (b) spring 2022, and (c)
spring 2023.
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Figure 5 a-c. Responses to the survey question How would you rate your ability to
communicate effectively with specific audiences through in-person formats (for example:

formal presentations, including speaking and preparation of presentation materials, informal

in-person discussions, other formats which require presentation of material to a live
audience)? (a) spring 2021, (b) spring 2022, and (c) spring 2023.
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Discussion
Course impact

These results indicate that the content and format of this course has been effective in increasing
students’ self-perceived ability to communicate in written and in-person formats. Each semester,
students’ self-assessments indicate that they believe their communication skills have improved.
There appears to be less of an impact on oral/in-person communication formats than on written
communications. Individual and group presentations, and presentations mimicking open house or
public meeting sessions take more time to develop, present, assess, and revise, straining at the
time available in an academic semester. Although there are several opportunities to practice oral
communication in the course, there are admittedly fewer opportunities, potentially contributing
to the observation of a smaller improvement in this skillset.

In this course, students progress through all six levels of achievement in the cognitive domain of
communication specified in the ASCE BOK3 [1]. Students are required to remember,
comprehend, and apply communication skills, as expected for undergraduates. However, this
course also exposes students to higher levels of Bloom’s taxonomy [26]. For example, students
go beyond demonstration of recall via definitions and explanations to higher-order
demonstrations of knowledge through analysis of different types of written communications and
presentations and synthesis of material to develop a comprehensive communication plan for a
notional engineering project. Students also develop and apply logic models to evaluate
communication effectiveness. In addition, students in this class gain practice in skills that
ASCE’s BOK3 envisions students developing after graduation with mentored experience.

In addition, students in this course demonstrate abilities related to the affective domain, which
the ASCE BOK3 identifies as equally important to cognitive domain development. For example,
students practice and display effective communications tailored to audience needs. Students also
hear from civil engineers in practice about different ways that communication shapes their work
with clients, the public, and peers in the workplace. The finding of an increase in self-reported
ability to communicate may also lead students, upon their entry into practice, to place greater
value in engineers’ responsibility to be effective communicators.

Limitations

This study relies on self-reporting, resulting in possible biases; students may feel more inclined
to respond if they believe they have improved, or they may report that they feel they have
improved because they feel improvement is expected of them. Reporting bias may be less likely
with the incentive offered for responding to the surveys in spring 2023. This study does not
examine whether self-assessed communication skills persist beyond this course or into the
workplace. The anonymity of the self-reporting does not allow correlation of results with major,
year of study, grade point average, or previous communication coursework. Finally, the students



in this course, to date, have had significant interruptions to their college experience due to the
COVID-19 pandemic; the impact of this interruption is not assessed in this work.

Conclusions

Of course, further research related to this course could provide additional insights. The course
will never be static: new tools and new case studies highlighting connections between civil
engineering and effective communication will be incorporated into the course. Connections to
other classes in the undergraduate civil engineering curriculum can also be created to ensure
communication practice beyond the conclusion of this course. Employer surveys could assess
whether students trained in this course are carrying communication skills into the engineering
workplace. However, even without additional study, the findings presented here indicate that
other undergraduate civil engineering programs can incorporate aspects of this course into their
curricula confident the changes can contribute to improvements in at least some aspects of
communication.

Every civil engineer entering practice will be expected to be not only technically competent but
also able to communicate their work with a variety of audiences — from their supervisor to the
elected official that helped secure project funding to the parent offering suggestions about the
design of a dedicated bike lane for neighborhood children who cycle to school. Civil engineers
today have a responsibility to evaluate audience information needs, consider them thoughtfully,
incorporate stakeholder feedback into project design where possible, and communicate
effectively and ethically. This course addresses an emerging and important aspect of civil
engineering practice and is breaking new ground in engineering education.

References

[1] "Civil Engineering Body of Knowledge: Preparing the Future Civil Engineer," American
Society of Civil Engineers, 2019.

[2] Linda Geppert, "Educating the Renaissance Engineer," Spec, vol. 32, pp. 39-43, Sep 1, 1995.
[3] ABET. Criteria for Accrediting Engineering Programs, 2022 — 2023. Available:

https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-
engineering-programs-2022-2023/.

[4] R. D. Bullard, "Solid Waste Sites and the Black Houston Community," in 1983, pp. 273-288.

[5] R. Morse, "Environmental justice through the eye of Hurricane Katrina," Joint Center for
Political and Economic Studies, Washington, DC, 2008.

[6] J. Lewis, D. Hernandez and A. T. Geronimus, "Energy efficiency as energy justice:
addressing racial inequities through investments in people and places," Energy Efficiency,


https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/

vol. 13, (3), pp. 419-432, 2020. Available: https://link.springer.com/article/10.1007/s12053-
019-09820-z. DOI: 10.1007/s12053-019-09820-z.

[7] D. N. Archer, "Transportation Policy and the Underdevelopment of Black Communities,"
lowa Law Review, vol. 106, (5), pp. 2125-2151, 2021. Available:
https://search.proquest.com/docview/2562275560.

[8] R. M. Mizelle, "A Slow-Moving Disaster — The Jackson Water Crisis and the Health Effects
of Racism," The New England Journal of Medicine, vol. 388, (24), pp. 2209-2212, 2023.
Available: https:/nejm.org/doi/full/10.1056/NEJMp2303120. DOI:
10.1056/NEJMp2303120.

[9] S. Yuan et al, "Two-way communication between scientists and the public: a view from
science communication trainers in North America," International Journal of Science
Education. Part B. Communication and Public Engagement, vol. 7, (4), pp. 341-355, 2017.
Available: https://www.tandfonline.com/doi/abs/10.1080/21548455.2017.1350789. DOI:
10.1080/21548455.2017.1350789.

[10] J. C. Besley et al, "The role of communication professionals in fostering a culture of public
engagement," International Journal of Science Education. Part B. Communication and
Public Engagement, vol. 11, (3), pp. 225-241, 2021. Available:
https://www.tandfonline.com/doi/abs/10.1080/21548455.2021.1943763. DOI:
10.1080/21548455.2021.1943763.

[11] K. A. Stofer et a/, "Casual conversations in everyday spaces can promote high public
engagement with science," International Journal of Science Education. Part B.
Communication and Public Engagement, vol. 9, (4), pp. 296-311, 2019. Available:
https://www.tandfonline.com/doi/abs/10.1080/21548455.2019.1670882. DOI:
10.1080/21548455.2019.1670882.

[12] University of Delaware 1991-1992 Undergraduate and Graduate Catalog. Available:
https://udspace.udel.edu/items/d751¢c33{-42d9-4fbb-9c0e-7alebd95ddae.

[13] University of Delaware 2001-2002 Undergraduate and Graduate Catalog. Available:
https://udspace.udel.edu/items/67191{68-1604-445b-bd0d-05ebcOebe9da.

[14] The University of Texas. Civil Engineering Flow Chart. Available:
https://utexas.app.box.com/s/95zviekgh9justznfx15cyrl2te7tiw7/file/969142867790.

[15] Purdue University. Civil Engineering Curriculum Map. Available:
https://engineering.purdue.edu/Engr/Academics/Undergraduate/Majors/CurriculumMaps/cu
rriculum_map_CE.

[16] US News & World Report. Best Civil Engineering Programs. Available:
https://www.usnews.com/best-graduate-schools/top-engineering-schools/civil-engineering-
rankings. [Accessed July 21, 2023].



https://link.springer.com/article/10.1007/s12053-019-09820-z.
https://link.springer.com/article/10.1007/s12053-019-09820-z.
https://search.proquest.com/docview/2562275560.
https://nejm.org/doi/full/10.1056/NEJMp2303120.
https://www.tandfonline.com/doi/abs/10.1080/21548455.2017.1350789.
https://www.tandfonline.com/doi/abs/10.1080/21548455.2021.1943763.
https://www.tandfonline.com/doi/abs/10.1080/21548455.2019.1670882.
https://udspace.udel.edu/items/d751c33f-42d9-4fbb-9c0e-7a1ebd95ddae.
https://udspace.udel.edu/items/67191f68-1604-445b-bd0d-05ebc0e6e9da.
https://utexas.app.box.com/s/95zvjekqh9justznfx15cyr12te7tiw7/file/969142867790.
https://engineering.purdue.edu/Engr/Academics/Undergraduate/Majors/CurriculumMaps/curriculum_map_CE.
https://engineering.purdue.edu/Engr/Academics/Undergraduate/Majors/CurriculumMaps/curriculum_map_CE.
https://www.usnews.com/best-graduate-schools/top-engineering-schools/civil-engineering-rankings.
https://www.usnews.com/best-graduate-schools/top-engineering-schools/civil-engineering-rankings.

[17] B. Hart, "Why the College Rankings Are Getting Less and Less Relevant," New York
Magazine, January 26, 2023.

[18]J. P. Saxe, "Teaching empathy through a stakeholder-focused engineering
communications course," Paper Presented at Middle Atlantic ASEE Section Spring 2021
Conference, Virtual, pp. 1-6, 2021. Available: https://peer.asee.org/36321.

[19] International Association for Public Participation. I4P2 Spectrum of Public Participation.
Available:
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf.

[20] US Environmental Protection Agency. Environmental Justice Screening and Mapping Tool
(Version 2.2). Available: https://ejscreen.epa.gov/mapper/.

[21] B. Sullivan. What to know about the train derailment in East Palestine, Ohio. NPR.
February 16, 2023. [Online]. Available: https://www.npr.org/2023/02/16/1157333630/east-
palestine-ohio-train-derailment. [Accessed July 24, 2023].

[22] E. Schmall. Philadelphia Monitoring Water Supply After Chemical Spill. New Y ork Times.
March 26, 2023. [Online]. Available: https://www.nytimes.com/2023/03/26/us/delaware-
river-latex-chemical-spill.html. [Accessed July 24, 2023].

[23] L. Nilson, Specifications Grading: Restoring Rigor, Motivating Students, and Saving
Faculty Time. Sterling, Virginia: Stylus, 2015.

[24] MIT Teaching + Learning Lab. How to Give Feedback. Available:
https://tll.mit.edu/teaching-resources/assess-learning/how-to-give-
feedback/#:~:text=Effective%20feedback%20is%3A%201)%20targeted, what%20the%20ne
xt%20step%20is.

[25] J. Hattie and H. Timperley, "The Power of Feedback," Review of Educational Research, vol.
77, (1), pp. 81-112, 2007. Available: https://www.jstor.org/stable/4624888. DOI:
10.3102/003465430298487.

[26] Benjamin S. Bloom, Taxonomy of Educational Objectives: The Classification of
Educational Goals. New York: Longman, 1956.


https://peer.asee.org/36321.
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf.
https://ejscreen.epa.gov/mapper/
https://www.npr.org/2023/02/16/1157333630/east-palestine-ohio-train-derailment.
https://www.npr.org/2023/02/16/1157333630/east-palestine-ohio-train-derailment.
https://www.nytimes.com/2023/03/26/us/delaware-river-latex-chemical-spill.html.
https://www.nytimes.com/2023/03/26/us/delaware-river-latex-chemical-spill.html.
https://tll.mit.edu/teaching-resources/assess-learning/how-to-give-feedback/#:%7E:text=Effective%20feedback%20is%3A%201)%20targeted,what%20the%20next%20step%20is.
https://tll.mit.edu/teaching-resources/assess-learning/how-to-give-feedback/#:%7E:text=Effective%20feedback%20is%3A%201)%20targeted,what%20the%20next%20step%20is.
https://tll.mit.edu/teaching-resources/assess-learning/how-to-give-feedback/#:%7E:text=Effective%20feedback%20is%3A%201)%20targeted,what%20the%20next%20step%20is.
https://www.jstor.org/stable/4624888.

