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A PROBLEM-BASED LEARNING APPROACH TO DEVELOP MINORITY 

STUDENTS’ SUSTAINABILITY KNOWLEDGE AND PROFESSIONAL SKILLS 

 

Abstract 

 

The motivation of this study is to position problem-based learning (PBL) as an effective method 

to teach infrastructure sustainability as well as enhance the professional development of minority 

students in engineering. Indeed, the minority students’ exposure to active learning methods such 

as problem-based learning (PBL) can effectively foster their capability to deal with open-ended 

technical problems in their future careers. Additionally, the interactive nature of such methods 

can facilitate knowledge retention of emerging and effective sustainability concepts. This study 

highlights how the PBL technique can develop soft skills during sustainability education to 

Architecture, Engineering, and Construction (AEC) students at a minority-serving institution as 

an effort to promote professional skills of underrepresented groups, i.e., women of color, 

Latinos/Hispanics in a classroom. This study designed and implemented a PBL activity in a 

cross-listed Sustainable Approach to Construction course which introduced the students to: (1) 

sustainable infrastructure and Front-End Planning (FEP) techniques; and (2) how they 

complement each other to build sustainable infrastructure systems effectively. Sustainable 

infrastructure systems are critical to reducing social, economic, and environmental impacts on 

the built environment and FEP can complement building infrastructure systems sustainably by 

providing effective planning, better scope definition, and improved decision-making. A post-

activity survey allowed the 35 AEC students to evaluate the improvement of their sustainability 

knowledge as well as multiple professional skills including leadership, communication, critical 

thinking ability, working in teams, and project management through the activity. The results 

indicated that most of the students including minorities had substantial improvement in their 

professional skills as well as advanced their knowledge in both areas of infrastructure 

sustainability and Front-End Planning. Furthermore, the analysis of the open-ended questions 

revealed that the students valued the PBL method because it offers interactivity, teamwork, an 

interdisciplinary knowledge-sharing platform, and the ability to simulate a real-life work 

environment. The findings of this study reveal the positive outcome of the implemented 

approach by integrating PBL activity in sustainability education for minority students from AEC 

majors. This method conveys an effective scheme to foster infrastructure sustainability concepts 

while nurturing multiple professional skills of minority students, particularly the 

underrepresented groups to better prepare them for the competitive real world. 
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Introduction and Background 

 

Infrastructure construction projects often use unsustainable materials leading to various 

environmental challenges to the built environment and the surrounding community, thus 

contributing to the causes of global warming and climate change. Sustainable construction 



focuses on addressing these challenges and works towards alleviating the associated 

environmental impacts as well as providing human comfort and quality. Sustainable design 

improves the built environment’s performance through balancing the environmental, social, and 

economic impacts of construction projects known as the Triple Bottom Line [1], [2]. The 

uncontrolled use of limited natural resources and rapid community development threatens the 

Triple Bottom Line [3], indicating the necessity for building sustainable infrastructure projects 

[4], [5]. Thus, with the increasing demand for sustainable developments, construction education 

must provide effective platforms for future professionals to learn about how to manage the new 

design, construction, and operational challenges associated with sustainability, particularly for 

infrastructure projects.  

 

Several sustainability rating systems have emerged to provide guidelines to build infrastructures 

as sustainable. These rating systems were developed as a framework with specific intents and 

guidelines to incorporate sustainability requirements in the construction project and thus reduce 

the projects' environmental and social impacts. Literature has highlighted that pursuing the 

sustainability certification at the early stages of a project can foster effective collaboration 

between stakeholders thus leading to better project-related decision-making and better project 

outcomes [6]. This reveals that integrating sustainability at the early stages of a project life cycle, 

i.e., during pre-project planning or Front-End Planning (FEP) phases, can facilitate achieving 

desired sustainability goals as well as better project performances including meeting target 

project cost, schedule, and reduced change orders. Front-End Planning (FEP) is a critical pre-

project planning process that focuses on establishing an improved scope definition of a project, 

thus identifying project-related potential challenges and risks [7]. The FEP phase encompasses 

the feasibility, concept, and detailed scope of a project extending till the initiation of detailed 

design and construction activities [8]. Coupling Front-End Planning (FEP) techniques with 

sustainability practices may provide versatile solutions to build sustainable infrastructure projects 

with better project outcomes [9]. Therefore, it is necessary to include such techniques for 

attaining sustainability goals as part of construction teaching efforts thus equipping the future 

industry professionals with emerging and effective sustainability knowledge and skills. 

 

Given that, the sustainability concepts are becoming more essential in architecture, engineering, 

and construction (AEC) industries, the American Society for Civil Engineers (ASCE) highlights 

the significance of integrating sustainability concepts in colleges and universities [10]. Current 

literature demonstrates the dynamic implementation of sustainability education through various 

teaching methods. For instance, McWhirter and Shealy [11], [12] have developed a case-based 

module and a flipped-classroom approach to teach infrastructure sustainability and related 

decision-making. Elzomor and Parrish [13] introduced civil engineering and construction 

management students to FEP tools for infrastructure projects and helped the students understand 

the complexities of real-world construction projects' scope. However, researchers have seldom 

focused on coupling FEP techniques and sustainability practices for infrastructure projects and 

how an educational approach involving such techniques and practices can facilitate preparing 

future workforces. 

 

This study focuses on teaching sustainability knowledge as well as improving the professional 

skills of the Construction Management (CM) students where the majority of the students are 

minorities. Underrepresented minority populations in engineering and sciences include women, 



African Americans, Hispanics, and Native Americans. The inclusion of the minority population 

enhances the diversity of a project team. A diverse team of engineers creates heterogeneity 

within the team thus providing better and more adaptable solutions to various engineering 

problems. According to Reyes, Anderson-Rowland, and McCartney [14], a diverse engineering 

workforce that involves women and minorities can be considered more suitable for the global 

market including customers from around the world. Barry and Walter [15] highlighted the 

necessity to increase students’ experiences with multiple cultures and diverse thinking to build a 

sense of community and belonging. A diverse team that involves members from different 

ethnicity, culture, and gender can tackle complex problems having better outcomes [16]. Thus, it 

is necessary to provide a proper nurturing environment that can allow minority students to 

improve not only technical skills but also essential non-technical professional skills which will 

help them thrive in their careers.  

 

Engineering and science students are typically inclined to learn technical concepts lacking the 

focus on personal and professional preparation which is also necessary to succeed in career and 

life. According to the latest version of Criteria for Accrediting Engineering programs of ABET 

[17], many of the stated outcomes are non-technical and can be referred to as soft skills including 

ethics, teamwork, and communication [18]. Literature has revealed that various innovative active 

and team-based instructional approaches might be effective to develop such vital engineering 

skills among the students [19]. Thus studies have focused on implementing problem-based 

learning in different engineering fields to assess its effectiveness in improving professional skills 

among engineering students [20]–[25]. However, there is a gap in the literature on developing a 

framework that can enhance the sustainability knowledge and relevant techniques while 

improving the professional skills of the CM students including minorities. This study addresses 

this gap and implements a problem-based learning approach that encompasses disseminating 

infrastructure sustainability and FEP knowledge to the CM students in a minority-serving 

institution while boosting the soft skills including team dynamics, communication skills, and 

problem-solving skills. 

 

This paper presents an integrative learning approach that was implemented within a cross-listed 

Sustainable Approach to Construction course at a minority-serving institution. The course 

involved minority students of different ages, educational backgrounds, academic levels, and 

work environments. Such active learning platforms helped the students to stimulate their 

intellectual curiosity and critical thinking thus increasing student engagement during their 

educational experiences. This study develops an integrative framework to teach infrastructure 

sustainability to minority students while improving their professional skills such as leadership, 

communication, critical thinking ability, working in teams, and project management through 

utilizing Problem Based learning (PBL) approach. The PBL approach allows students with open-

ended problems and complex questions that can potentially stimulate their problem-solving 

capacities [26], [27]. Such a method helps students’ involvement in problems simulating real-

world scenarios and fosters critical thinking to resolve those problems [28].  

 

Methodology 



 

This section presents the implementation of the Problem Based Learning (PBL) activity which 

involved 35 CM students from the summer 2021 semester. The students were enrolled in a cross-

listed Sustainable Approach to Construction course in a minority serving institution. Figure 1 

presents the implemented framework which includes a lecture module, instruments, research 

objectives, and analysis adopted in this study. The lecture module consisted of sustainable 

infrastructure and FEP topics and how these two concepts complement each other. The 

instruments included the PBL activity along with pre- and post-survey to assess the improvement 

of sustainability knowledge as well as professional skills of the CM students and minorities 

through utilizing statistical tests as well as descriptive analysis. 

 

 

Figure 1. Research Framework 

 

Problem-Based Learning Activity 

 

This study designed a Problem Based Learning (PBL) activity to provide the students with real-

life work exposure in sustainable construction as shown in Figure 2. The students were divided 

into groups of 4-5 members and were assigned to develop a project proposal for a sustainable 



transportation infrastructure project. The students were suggested to play various engineering 

roles such as designers, consultants, engineers, and contractors during the activity. The students 

were instructed to have a 10-minute discussion session and present their initial proposal within 2 

minutes during the following presentation session. The students were provided with feedback 

from the moderator to include sustainability and FEP topics such as scopes, goals, team roles, 

risks, and so on during the presentation and were allowed for another 10 minutes discussion 

session to improve their initial proposal. Finally, the groups were allowed to present their final 

proposal. The activity ended with an interactive discussion among the students and the moderator 

on topics like value engineering, local resources, compliance requirements, and so on.  

 

 

Figure 2. Problem Based Learning (PBL) activity 

 

Survey Design 

 

The pre-and post-course evaluation surveys were designed based on literature review and 

included several multiple-choice questions to obtain Likert-scale data for evaluating the students' 

knowledge improvement on the three areas: (1) Front-End Planning (FEP), including scope 

definition, team alignment, familiarity with FEP tools, and differences between FEP and 

traditional planning [8], [29]–[32]; (2) Sustainable infrastructure, and the importance of 

infrastructure projects and sustainable construction to the built environment [4], [13], [33]–[35]; 

and (3) the possible synergy between FEP and sustainable infrastructure systems along with 

advantages of stakeholders’ early involvement in infrastructure projects [6], [36]–[39]. 

Additionally, the pre-survey included questions pertaining to students’ socio-demographic 



profiles, while the post-survey included questions to assess improvement in students’ 

professional skills including leadership, communication, critical thinking ability, working in 

teams, and project management through the activity. The post-survey also presented students 

with open-ended questions to highlight their liking and disliking about the activity as well as 

obtain insight into the impact of the PBL activity. The study conducted a Cronbach Alpha 

reliability test using SPSS to measure the reliability of the survey instrument. 

 

The study utilized a non-parametric Wilcoxon signed-rank test to compare the pre- and post-

survey Likert scale data and assess improvement in the participants’ knowledge of sustainability 

and FEP concepts using SPSS. The Wilcoxon signed-rank test was set to a confidence interval of 

95% with the maximum desired P-value of 0.05. This study utilized Wilcoxon signed-rank test, 

which is a commonly used statistical analysis for comparing non-parametric data obtained from 

educational interventions [40]. Additionally, this study developed boxplots using the five-point 

Likert scale data using R-studio to demonstrate how the PBL activity improved the nontechnical 

professional skills of the CM students including minorities. This study adopted boxplot analysis 

which is an effective method to demonstrate Likert-scale responses in education research [18]. 

Moreover, the study analyzed the open-ended questions by examining each response and 

manually categorizing them to obtain a better insight into the students’ likes and dislikes as well 

as the impact of the implemented PBL activity. The results are presented in detail in the 

following section.  

 

Results and Analysis 

 

This section presents the analysis and results of this study. The participants targeted through this 

research are 35 registered students in a cross-listed Sustainable Approach to Construction course 

at a minority-serving institution. The respondents consisted of 28% female students and 69% 

male students having various races. This study was conducted in a minority-serving institution 

thus majority (74%) of the responding students consisted of racial minorities including Hispanics 

and African Americans as shown in Figure 3. Moreover, the participants were from both 

undergraduate and graduate-level and almost 46% of the students are currently working in the 

construction industry. 

 



 

Figure 3. Students’ socio-demographic background 

 

Reliability Test 
 

Prior to the detailed analysis, this research conducted a reliability test using Cronbach’s Alpha to 

examine the reliability of the survey questionnaire. Although Cronbach’s Alpha ranges between 0 

and 1, a value more than 0.7 is considered acceptable [41]. Cronbach’s alpha for this study is 0.959 

for pre-survey and 0.926 for post-survey, which indicates that the survey data is adequately 

interrelated and reliable for further analysis [42]. 

 

Improving the Students’ Sustainability Knowledge 

 

This study utilized the Wilcoxon Signed-Rank test to compare and analyze the pre- and post 

Likert scale survey data about infrastructure sustainability and FEP knowledge. Table 1 

demonstrates the descriptive statistics including the absolute mean difference, the standard 

deviation values, and the minimum and maximum scores for each of the variables, during the 

pre-and post-course surveys. The positive values of the absolute mean difference between the 

pre- and post-survey results show sustainability and FEP knowledge improvement among the 

participants. Additionally, Table 2 highlights the p-values for each variable. The results indicate 

that the collaborative framework was significantly effective in (1) helping the students to 

understand the importance of FEP and Sustainable Infrastructure rating systems; (2) facilitating 

the students’ understanding of the importance of team alignment between project stakeholders; 

(3) allowing the students to be familiar with project scope definition; (4) increasing students’ 

knowledge of stakeholders’ early involvement in the project; (5) helping students to differentiate 

between Front-End Planning (FEP) and traditional Planning/Scheduling; and (6) allowing 

students to learn about infrastructure projects and their importance to the built environment. 

Thus, the results highlight that the PBL method significantly increased the participants’ 



sustainability knowledge and skills and provided them exposure to how real-life sustainability 

projects are managed. 

 

Table 1. Descriptive statistics of Wilcoxon signed-rank test (n=35) 

 

V.N. Variables 

Absolute 

Mean 

Difference 

Std. 

Deviation 
Minimum Maximum 

1 - Pre Understanding the importance of 

FEP and Sustainable 

Infrastructure rating systems (i.e., 

the Envision rating system) 

0.52 

1.065 1 5 

1 - Post 0.981 2 5 

2 - Pre Understanding the importance of 

team alignment between project 

stakeholders, including 

designers, contractors, 

consultants, and the community 

0.37 

1.083 1 5 

2 - Post 0.917 2 5 

3 - Pre Defining the scope of a project 

prior to the design phase 
0.43 

1.023 1 5 

3 - Post 0.973 2 5 

4 - Pre Effective team alignment during 

FEP (i.e., involvement of all 

project stakeholders very early in 

the project) 

0.54 

1.132 1 5 

4 - Post 0.906 2 5 

5 - Pre Differentiating Front-End 

Planning (FEP) from traditional 

Planning/Scheduling 

0.66 
1.262 1 5 

5 - Post 1.008 2 5 

6 - Pre Understanding the importance of 

infrastructure projects to the built 

environment 

0.42 
1.095 1 5 

6 - Post 1.011 2 5 

 

Table 2. Wilcoxon signed-rank test statistics results 

 

VN 1 2 3 4 5 6 

Z -2.99 -2.144 -2.431 -3.065 -3.62 -2.839 

Asymp. Sig. (2-tailed) 0.003 0.032 0.015 0.002 0 0.005 

p - value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

 

Assessing Students’ Professional Skills Development 

 

The post-survey asked the students how the implemented framework helped them improve their 

soft skills including (1) Leadership; (2) Communication; (3) Critical thinking; (4) Teamwork; (5) 

Project Management; and (6) Knowledge Retention. The students were presented with 12 

statements associated with these six skills and were allowed to self-assess themselves based on a 

five-point Likert Scale (1 being Strongly disagreed and 5 being Strongly agreed). Figure 4 



presents the Likert Scale responses through boxplots. The median value based on students’ self-

reported responses indicates that the activity could successfully improve most the students’ 

professional skills. The outliers in the boxplot indicate that few students did not feel that the 

activity helped them to improve their soft skills. These students might require additional learning 

pedagogies that can successfully foster their professional growth. Therefore, such activities 

should be integrated into the curricula more often to nurture students’ soft skills and provide 

them an edge in their careers.   

 

 

Figure 4. Boxplots showing students’ professional skill development through the PBL activity 

 

Moreover, the students were presented with open-ended questions. Figure 5 (a) demonstrates the 

likes and dislikes of the students about the PBL activity. Most of the students preferred the 

teamwork and interactiveness of the activity whereas the time constraint of the activity was not 

appreciated. Figure 5(b) presents the list of the impacts of the in-class PBL activity according to 

the participants. The results show that the activity helped them understand how projects are 

managed in the real construction world. The students also highlighted that the framework 

increased their knowledge of the practical application of FEP and sustainable infrastructures. 

Moreover, the students shared that the activity enhanced their awareness of environmental 

impacts and how sustainable development can mitigate those impacts. Other impacts involved 

improving problem-solving skills, refining ideas through discussing with peers, increased 

familiarity with FEP as well as quick decision-making during time constraint situations. Only 2 

out of 35 students thought that the activity did not make any change to their knowledge or skills. 



 

 

Figure 5. (a) Students’ likes and dislikes about the PBL activity; and (b) Impacts of the PBL 

activity 

 

Discussion 

 

Sustainable projects pose additional challenges to the project team members due to the higher 

complexity associated with these projects. Integrating FEP into these projects can facilitate 

successful project delivery by aiding in project design, construction, and operational phases. 

Such integration allows for increased clarity in the project scope as well as enhances 

involvement for various project stakeholders. Utilizing pre-project planning tools can help in 

detailed scope definitions of a project which can aid a smooth transition from planning to design 

and construction phase of a project. Such detailed scope definition minimizes project-related 

uncertainty which leads to reducing various risks associated with sustainable infrastructure 

projects. Integrating pre-project planning can facilitate the project stakeholders to determine 

adequate cost and schedule baselines thus aiding in the procurement process. Utilizing FEP tools 

in sustainable infrastructure projects can create a strong foundation for project control resulting 

in improved project cost, schedule, and quality as well as reduced change orders. Moreover, 

different certification levels of the existing sustainability rating system can contribute to projects’ 

quality management and facilitate quality assurance. Thus, teaching sustainability and pre-

project planning concepts to the CM students including minority students can nurture their 

ability to develop a good project working plan that can avoid substantial project change orders 

and ensure successful project delivery. Integrating sustainability and relevant concepts in 

construction education can foster sustainability knowledge and skills among future professionals 

which can influence them to use effective pre-project planning tools and techniques. Educating 

students about the FEP techniques and sustainability practices through construction education 

can cultivate the expertise and competencies that are required to better manage the real-world 

challenges pertaining to sustainable construction. 

 

Moreover, to become competent engineers and construction managers, minority students must 

invest in developing their professional skills. Thus the results of this study contribute to 



classroom management, curriculum, and the recruitment and retention of under-represented 

groups in engineering. For instance, an emphasis on active learning through the early and 

pervasive use of design in the engineering curriculum can have improved classroom engagement 

of minority students. This pedagogical strategy, as shown in this study, promotes effective 

communication skills, leadership skills, and group participation skills. Structuring classroom 

activities based on active learning may require specialized abilities and knowledge requiring 

training and experiences for the faculty members. The educational institutions must assess the 

faculty reward criteria, standards, and policies to provide adequate incentives to encourage 

faculty to pursue the instructional goals of developing improved and pragmatic curricula. 

Additionally, the PBL technique can be a potential candidate for sustainability and cognitive skill 

teaching efforts, particularly within construction education for minority students. The CM 

students’ self-judgment highlighting the positive impacts of the PBL activity reinforces the same 

conclusion in the study. The findings of this study provide empirical support to the effectiveness 

of active learning methods such as Problem Based Learning to develop minority students’ 

sustainability and professional skills. While adoption of these learner-active approaches may 

require changes in current course designs, the positive outcomes of this study suggest that efforts 

to make those changes are likely to be educationally worthwhile. 

 

Limitation 

 

The authors acknowledge some limitations of this study. The self-reported skill levels may not 

represent the actual skill levels of the students and may be subject to over or underestimation. 

Another limitation may be that the effectiveness of the proposed collaborative approach to 

improve sustainability knowledge and professional skill may vary between institutions and 

settings. 

 

Conclusion 

 

This study evaluated the effectiveness of Problem Based Learning (PBL) as a part of the 

teaching effort to impart sustainable infrastructure and relevant knowledge while nurturing 

professional skills among construction management students including minorities. Such effort 

can substantially contribute to cultivating diversity among sustainable professionals as well as 

nurture their nontechnical yet essential skills. This study implemented an intervention framework 

involving a PBL activity in a cross-listed Sustainable Approach to Construction course which 

introduced the students to sustainable infrastructure and Front-End Planning (FEP) techniques 

and how they complement each other to build sustainable infrastructure systems effectively. The 

comparison of pre- and post-survey indicates that the PBL activity significantly improved the 

students’ knowledge related to infrastructure sustainability and Front-End Planning (FEP). 

Moreover, the students’ self-assessments highlighted that the framework effectively improved 

most the participating students’ professional skills including leadership, communication, critical 

thinking ability, working in teams, and project management aligning with ABET outcome. The 

findings of this research indicate that Problem Based Learning (PBL) framework can play a 

critical role in teaching sustainability knowledge as well as improve CM students including 



minorities’ non-technical professional skills which engineering graduates should be equipped 

with while embarking upon a professional career in the industry. 
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