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Promoting Social Sustainability for
Minority Populations through
Understanding their Challenges in
Professional Engineering Certification

Abstract

As the population of the United States of America continues to be more diverse, educational
pedagogies must embrace the different components of diversity so that the workforce represents
a diverse society. Construction and engineering education must foster the social sustainability
components of increasing diversity, equity, and inclusion to better position our future workforce.
In the Science, Technology, Engineering, and Math (STEM) profession, minorities, females, and
underserved communities are yet staggering in representation within the engineering and
construction industry. In the United States, approximately five million residents are of Puerto
Rican descent, accounting for 1.8 percent of the overall population in 2019, where 20.3 percent
of that population have an education of Bachelor’s Degree or Higher. In the 2021°s Professional
Engineering Examination performed in Puerto Rico, only 24 percent of the professionals that
participated in the examination passed the test, while the national average for passing the
Professional Engineering examination was 58 percent. This study aims to address the problem of
the current shortage of diversity, equity, and inclusion in the Engineering and Construction
industry, focusing on the Puerto Rican minority group and their challenges. This study will focus
on determining the obstacles Puerto Rican engineering students and graduates have that limit
their possibilities of excelling in the Professional Engineering Examination and improvements to
the curriculum to increase the likelihood of success in the P.E. exam and address the poor
passing rate. The research analyzes large-scale perishable historical data provided by the Puerto
Rico examination board and Universities. This study will have two theoretical and
methodological contributions to the literature. It will: (1) advance our understanding to address
diversity, equity, and inclusion issues related to our workforce and their success in the
engineering and construction industry; (2) inform the literature on how to reform our education
curriculum to accommodate the necessary tools needed to prepare minority students to succeed
in the Professional Engineering Certification. This study will focus on the obstacles Puerto Rican
engineering students and graduates have that limit their possibilities of excelling in the
Professional Engineering Examination and improvements to the curriculum to increase the
likelihood of success in the P.E. exam.

Author Keywords: Social Sustainability; Professional Certification; Diversity; Inclusion.
Introduction and Background

Construction and engineering education must integrate the social sustainability components of
diversity, equity, and inclusion to improve the work environment and reduce unconscious biases
in the construction industry [2]. Diversity and inclusion promote the integration of different
cultures and groups that can stimulate creativity and productivity in the workforce [3].
Additionally, it also plays a vital role in enhancing the country's Gross Domestic Product
(GDP)[4]. Based on the recent Society of Hispanic Professional Engineers (SHPE) report, only 7
percent of the STEM workforce is of Hispanic descent, despite representing 20 percent of the



population in the United States [5]. In the United States, approximately five million residents are
of Puerto Rican descent, accounting for 1.8 percent of the overall population in 2019 [1], [6]. In
Puerto Rico, only 20.3 percent of the population have a bachelor's degree or higher education.
Even though many of Puerto Rico's engineering institutions are on the top 200 list of best
undergraduate engineering programs [7], many of their graduates and professionals cannot enter
the engineering workforce upon completing their degrees because they do not comply with the
proper certification, particularly the Professional Engineering (P.E.) to perform as an engineer as
per state laws.

In 2021, only 24 percent of the Puerto Rican professionals that pursued the P.E. examination
passed the test, while the national average for passing the P.E. examination was 58 percent [8].
Hence, such a low success rate in professional certification impedes Puerto Rican engineering
graduates from exploiting better professional opportunities in the AE&C industry. Puerto Rico
currently has five approved institutions accredited by the Accreditation Board for Engineering
and Technology (ABET) on the island that have different engineering disciplines that graduate
approximately 1,000 engineering students annually. Professional Engineering Certification
provides value to the professional and the organization that the individual works for, increases
the credibility of the position, office, or department that the individual represents, and increases
confidence with the public [9]. Certification helps develop and mature the professional standard
of practice, increase the value of the employee, improve the range of employment opportunities,
and provide the minority employee to be in the same professional status as their peer to be
competitive in the workforce, increasing diversity and inclusion.

Professional Engineering Certification helps develop and mature the professional standard of
practice, increase the value of the employee, improve the range of employment opportunities,
and provide the minority employee to be in the same professional status as their peer to be
competitive in the workforce, increasing diversity and inclusion. Professional Certification
provides society with a level of trust that indicates whether a professional has the knowledge and
skills to perform duties and responsibilities associated with the life and welfare of the
community. According to the National Society of Professional Engineers (NSPE), an
engineering student must complete a four-year college degree, gain a minimum of four years of
working experience, and pass two intensive competency exams to earn a P.E. license from their
respective state's licensure board. One of the main goals of enforcing a P.E. license is to ensure
engineering graduates follow ethical responsibility to protect public health, safety, and welfare.
Currently, every state regulates the practice of engineering to ensure public safety by granting
only Professional Engineers (PEs) the authority to sign and seal engineering plans and offer their
services to the public [10].

Historical data to regulate engineering practices in the United States dates back to the early
1900s when the state of Wyoming established licensing requirements in 1907 [10]. The country's
westward expansion focused on cultivating land, mapping, and designing water resources and
irrigation systems. The state proceeded with a study finding that many individuals who provided
engineering services were inexperienced and unqualified, resulting in Wyoming's inability to
supervise the state's water distribution effectively. As a result, in 1907, the Wyoming Legislature
passed a bill requiring the registration of those presenting themselves as engineers and created a



state board overseeing this registration. This bill created the first governing body for professional
engineers.

Furthermore, Professional Engineers not only shall be registered in their respective states to
practice the engineering profession but must also continuously demonstrate their competency as
well as maintain and improve their skills by fulfilling continuing education requirements
depending on the state in which they are licensed. As stated by the National Society of
Professional Engineers, the responsibilities of a Professional Engineer (P.E.) include: (1)
prepare, sign, and seal, as well as submit engineering plans and drawings to a public authority for
approval or seal engineering work for public and private clients; and (2) be responsible for the
life and safety of the population affected by their work and accountable to high ethical standards
of engineering practice [10]. Certain governmental engineering positions shall be licensed
professional engineers in many federal, state, and municipal agencies, particularly those
considered higher-level managerial positions. Therefore, this study focuses on Puerto Rico,
which is one of the U.S. minority territories, to investigate the challenges that Puerto Rican
engineering graduates face to pass the P.E. certification examination. A comprehensive
understanding of the challenges would consequently help increase the diversity in the
construction workforce, thereby addressing the social sustainability issues in the construction
industry.

Literature Review

Engineering professionals are required to exhibit the highest standard of honesty and integrity.
Ethics provides the framework that engineers demonstrate professional status and recognition,
indicating public service with the highest stander and commitment to their social responsibility
to have the integrity to make the proper decision for society. Ethics education and social
responsibility are challenging for engineering institutions where the industry has implemented
laws requiring ethical education for professional certification. As defined by [11] engineering
ethics is (1) the study of moral issues and decisions confronting individuals and organizations
engaged in engineering and (2) the study of related questions about the moral ideals, character,
policies, and relationships of people and corporations involved in the technological activity. To
ensure that safety, environment, health, and community welfare are handled with the utmost
professionalism by engineers, ethical guidance has been provided to professional engineers in the
U.S. Additionally, the ethical guidelines of Professional Engineering highlight how engineers
should promote, steer clear of conflicts of interest, remain objective when testifying as experts,
and safeguard client confidentiality [12]. Considering that the P.E. certification test evaluates and
creates awareness about such ethical and social responsibilities of engineering professionals, all
engineering graduates are encouraged to take and pass the test to practice the engineering
profession. However, many minority engineering graduates struggle with the certification test,
which has increased social sustainability concerns in engineering.

The Architecture, Engineering, and Construction (AEC) industry has traditionally been a field
dominated by certain groups, such as men and those from certain racial and ethnic backgrounds
[13]-[15]. Consequently, the stereotype is one of the social sustainability barriers that has
impeded an inclusive environment in the AEC industry, and there has been little progress since
the 1950s. The narrow stereotype has ultimately influenced the individual perspective of what an



engineer is, does, is interested in, and looks like, and has influenced individuals' career
aspirations, academic achievement, college retention, and professional identity formation.
Ensuring that the engineering profession is inclusive and welcoming to all students and
educators, regardless of their background, is a critical challenge. For Engineering, diversity is
attracting students and professionals to this field to ensure that engineering has a similar
percentage of representation from different areas of society as the wider population [15]. The
engineering and construction industry is significantly impacted by globalization, transforming
the workplace and education. The necessity of engineers to not only have the technical
competency in their field of expertise but also to have the knowledge to provide engineering
services outside their native context and culture [16] has become a critical aspect that can affect
the workforce's ability to be successful in the interaction with the diverse workplace. The
National Center for Science and Engineering Statistics 2021 report highlighted that recent
undergraduate and graduate enrollment trends reflect the increasing diversity of the U.S. college
and graduate-school populations. For example, the study highlighted that Hispanic or Latino
undergraduate students increased from 18.9 percent in 2016 to 20.2 percent in 2018. In 2018,
underrepresented minority students received 24.0 percent of all Science and Engineering (S&E)
bachelor's degrees awarded to U.S. citizens and permanent residents, 22.1 percent of S&E
master's degrees, and 13.6 percent of all S&E doctoral degrees. Underrepresented minorities
have earned an increasing share of degrees at all three-degree levels over the past 10 years, the
only exception being a slight decline in doctorates since 2016. Despite the slight dip in the share
of doctoral degrees, the number of underrepresented minority doctorate recipients increased
nearly 50 percent over the past 10 years, from 2,247 in 2008 to 3,351 in 2018 [17]. Two-thirds of
scientists and engineers employed full-time are White. White scientists and engineers represent a
larger share of those not in the labor force because of retirement (84.3 percent) than those from
other racial or ethnic groups. Among scientists and engineers, Hispanics or Latinos had an
unemployment rate of 3.8 percent, which is greater than the unemployment rate of Whites (2.1
percent but similar to that of the U.S. labor force (3.7 percent)[17].

There is a gap in the literature in past studies to reflect the efforts to increase professional
certification in the United States. According to [18], adopting professional engineering education
certification has shown different nations how to manage the latest tendencies of scientific and
technological advancements and further laid the groundwork for developing practical
professional talents. The author provides an example with required foundational courses for civil
engineering majors is the fundamentals of designing concrete structures, however, there are
certain flaws in how it is actually taught, including strong teaching content, a single form, a lack
of new technology combinations, and a lack of practical expertise. Future professionals will need
to engage on international teams utilizing their professional abilities such as communication and
cultural and global adaptability. Effective intercultural teamwork is becoming more critical. At
the same time, it is evident that modifications have been made to engineering and construction
education to better prepare aspiring professionals for working in these complex teams [16].

The College of Engineers and Land Surveyors of Puerto Rico (CIAPR) was founded in 1938
through Law No. 319, to ensure the public interest and serve as advisors to the Government in
technological matters as well as adopting and implementing canons of professional ethics and
defending the interests of engineering, surveying, and architecture professionals [12]. The
CIAPR group's engineers and land surveyors are licensed or certified by the Board of Examiners



of Engineers and Land Surveyors of Puerto Rico, to practice as such, they must belong to the
CIAPR. This prestigious institution has a significant impact on the work and socio-economic
progress of Puerto Rico and has an important social responsibility [19]. In compliance with its
responsibility, the CIAPR collaborates closely with public and private agencies to strengthen
Puerto Rico's infrastructure. It is a legal entity or quasi-public corporation with perpetual
existence, comprised of all engineers and land surveyors admitted to practicing their professions
in Puerto Rico.

The CIAPR ensures that the below-mentioned responsibilities are accomplished as an
organization: (1) Ensure the interests and well-being of the Puerto Rican community; (2)
Safeguard and protect the rights of its members concerning the exercise of their professions; (3)
Promote the progress of culture, science, and technology, especially in relation to engineering
and surveying; (4) To rule on issues of public interest in those matters that concern the CIAPR,;
(5) Promote the beautification and environmental improvement of the Puerto Rican community.
[20] In 2021, the CIAPR reported 8,180 active registered professional engineers and land
surveyors in Puerto Rico [20]. This quantity of professionals does not suffice the current demand
for professional engineers on the island and in other states where professional certification can be
endorsed. Presented by the United States of America Bureau of Economic Analysis report for the
first quarter of 2022, the construction industry's nominal value added was 4.1 percent of the GDP
and projected to reach a Compound Annual Growth Rate of 5 percent from 2022-2026 [21]. This
projection of industry growth exacerbates the ongoing crisis of workforce shortage that currently
exists in the industry in the United States. According to the Bureau of Labor Statistics report
published in April 2022, employment in engineering and architecture professionals projected to
increase by 6 percent between 2020 and 2030. As a result, the construction sector urgently needs
to diversify to fulfill the increasing demands for a competent and qualified labor force.

Methodology

The study adopted an exploratory approach to investigate the current diversity, equity, and
inclusion shortage in the Engineering and Construction industry and pedagogy alternatives to
improve the P.E. passing rates focusing on Puerto Rican minority graduates. The authors
conducted a survey to determine the causes of the low passing rate for the P.E. certification test.
The obtained quantitative and qualitative survey data and large-scale perishable historical data
provided by the Puerto Rico examination board and Universities are analyzed using descriptive
analysis.

Survey Design

The research team surveyed participants of the CIAPR certification review workshops, including
students planning to attempt the professional certification test and students who have previously
taken the test from Puerto Rico. The survey design focused on the following research question,
1) What is the role of an academic institution in helping minority engineering graduates in the
professional certification process? The survey included open-ended, multiple-choice, Likert
scale, and demographic questions to validate these hypotheses. The open-ended questions
focused on recording challenges that can limit the possibilities of retaking the test and
recommendations that participants of the workshops can provide to improve the deliverables.



The multiple-choice questions collected data about the potential impact of Academia on
supporting study efforts, funding to take the professional certification test, whether Academia
prepared the respondents for the examination process, and challenges that students faced during
the test that prevented them from successfully passing the first attempt. At the same time, the
demographic questions recorded participants' academic institution, A&E professional degree,
and age. An online surveying tool, Qualtrics, was used to distribute the survey for two months.

Results and Discussion

This section analyzes historical and survey data results to determine the causes of the low
passing rate for the P.E. certification test.

Historical Professional Engineering Examination Data Comparison

The authors collected data from the National Council of Examiners for Engineering and
Surveying (NCEES) and compared different disciplines of Civil Engineering Professional
Engineering Examination results in Puerto Rico from 2018 to 2021. Additionally, to highlight
the low passing rate in Puerto Rico, Figure 1 also compared the latest P.E. examination results in
Puerto Rico from 2021 with the U.S. national average for the P.E. examination year 2021. As
shown in Figure 1, the P.E. examination passing rate trend has not improved in the past few
years. In academic years 2018-2022, the University of Puerto Rico Mayaguez Campus and
Polytechnic University of Puerto Rico graduated 2,211 and 1,516 students, respectively.
However, minority-qualified professionals, such as those of Puerto Rican descent, are decreasing
in the industry, as shown in Figure 1. In the last 4 years, 765 graduates have taken the P.E. test,
and only 158 graduates have passed the test representing a 20.65 percent passing rate [8].
Compared to the undergraduate students that received their engineering degrees from 2018 to
2022, 158 passing graduates represent 4.24 percent, and this does not include other education
institutions or exclude the graduates retaking the professional examination.



Puerto Rico PE Passing Rate by Disciplinevs U.S. National Average

80.0%

70.0%
67.0%

- 63.0%
60.0%
62.0%

53.0%

)
B
Q
X

- 50.0% 50.0%
=~ 50.0%

42.9%
40.0%
35.7%
30.0%
25.09
20.0%
200% 17.2%
15.4%
12.5%
P 11.8% 11.59
1.1% 10.3% s 150 10.0%
10.0% i 7.7%
Io.o% 0.0%0.0%

0.0%

PE Civil Construction PE Civil Geotechnical PE Civil Structural PE Civil Trasportation PE Civil Water Resorurces and
Enviromental

Passing Percentage
w
]
8

Engineering Discipline
I 2018 Puerto Rico 2019 Puerto Rico = 2020 Puerto Rico 2021 Puerto Rico == National Average 2021

Figure 1. Puerto Rico PE Passing Rate by Discipline vs. U.S. National Average
Socio-Demographic Survey Results

On the other hand, 52 graduates from five undergraduate education institutions in Puerto Rico
participated in the survey. The survey data collected socio-demographic information such as
academic background, age, type of degree, and professional certification. In this study, 35.71
percent of the participants were from the University Of Puerto Rico Mayaguez Campus, 45.24
percent from the Polytechnic University of Puerto Rico, 7.14 percent from the InterAmerican
University of Puerto Rico, 2.38 percent from the Caribbean University and 4.76 percent from
Turabo University. As shown in Figure 2, 9.52 percent of the respondents were 20-25 years old,
14.29 percent were 26-30 years old, 30.95 percent were 31-39 years old, and 45.24 percent were
above 40 years old. Thus, the data shows that younger engineering graduates are not prioritizing
the achievement of professional certification. Similarly, as shown in Figure 2, the survey had the
highest percentage of civil engineering graduates, with 38.1 percent of respondents, followed by
Mechanical engineers, land surveyors, electrical engineers, environmental engineers, industrial
engineers, and chemical engineers. The results of this study show that time restrictions,
knowledge, language, work-life balance, and test-taking speed were all identified as
impediments.
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Figure 2. Respondents' percentage of sociodemographic background.
Students Academia assistance to Achieving P.E. Certification

Based on the results, more than 66 percent of the respondents have taken the professional
certification test at least once. Consequently, when asked if Academia should assist in training to
pass the professional certification, 76.19 percent of respondents indicated definitely yes, 4.76
percent indicated probably yes, 14.29 percent indicated possibly, 4.76 percent indicated Probably
no, and 0.00 percent indicated Definitely no. On the other hand, respondents agreed that
Academia had assisted students in preparing them to pass the exam. When responders are asked
how Academia has assisted, 29.41 percent of respondents indicated that General public
Workshops and Exam Training, 23.53 percent indicated that Elective Review classes to refresh
the required knowledge to pass the exam, 23.53 percent indicated that Mandatory Review
classes, 5.88 percent indicated that Mentorships through Academia, 11.76 percent indicate that
Mentorships through conducting Industry Trainings, or connections with industry professionals,
and 5.88 percent of respondents indicate that others explaining that the regular material of the
classes provided where sufficient to be successful as shown in Figure 3.
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The survey also asked students where Academia can improve to support students' efforts in
passing the test. The results presented that 25.00 percent of respondents reported that an elective
course related to professional license could improve the support students' efforts in passing the
test, 27.78 percent would benefit from exam type of question in courses, 27.78 percent reported
exam workshops with Best Practices could improve the support students, and 19.44 percent of
respondents reported mandatory review sessions could support students' efforts in passing the
test.

Limitation and Future Work

The research acknowledges some limitations, such as the subjective nature of the survey
responses due to the participants' personal opinions and self-judgments. Furthermore, focusing
on one minority ethnic U.S. territory may be a limitation. However, the in-depth study of such a
minority group can evaluate with different underrepresented groups in the U.S. Future work can
incorporate different institutions that offer review courses to participate in the research and
include documented results determining if there is a difference in the gender and age are factors
that influence in the success rates. Furthermore, the research can include institutions of
Historically Black Colleges & Universities, Hispanic Serving Institutions, and Minority Serving
Institutions. Expanding this research to other states with low passing rates and investigating if
similar pedagogies can be incorporated to improve the P.E. passing rates will make a significant
difference in addressing social sustainability factors of diversity and inclusion in the construction
industry. Expanding these studies to incorporate a workshop dynamic in a current review course
and evaluating the results of the participants’ knowledge after the workshop could incorporate
into future studies.

Conclusion

This study investigated pedagogy opportunities to address the challenges that Puerto Rican
engineering graduates encounter in the certification process and academic institutions' role in
supporting minority engineering graduates in the professional certification process. The results of
this study show that time restrictions, knowledge, language, work-life balance, and test-taking
speed were all identified as impediments. This study's results demonstrated that incorporating
different dynamics to enhance the knowledge and understanding of the test process and



information can assist them in preparing to be successful in P.E. certification. Recommended
changes in pedagogies found in this study were mandatory courses, affordable workshops,
mentorships with the industry, and mentoring in Academia that, if incorporated into the student’s
academic life, will improve their opportunities, furthermore improving social sustainability
challenges. This discovery contributes to the body of knowledge by enabling academic
institutions and organizations to develop practical engineering courses and giving the industry a
deeper understanding of the challenges minorities and underrepresented groups face when taking
Professional Engineering certification tests. With these methodologies, the certification process
would ensure inclusion, sensitivity to cultural variations, and fairness and impartiality in
resolving social inequalities.
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