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Abstract 
 
 

 The construction industry continues to experience increased demand for a skilled 

and diverse workforce, underscoring the importance of identifying factors associated with 

student achievement in construction education programs. The purpose of this study was to 

examine whether academic performance and construction education self-efficacy predict 

student success on a nationally recognized professional credential examination. Specifically, 

this research investigated whether a two-predictor model using grade point average (GPA) 

midpoint and construction education self-efficacy (CESE) predicted pass/fail outcomes on 

the American Institute of Constructors (AIC) Level I examination. Differences in construction 

education self-efficacy, direct assessment of student learning outcomes (SLOs), and applied 

experience were also examined across GPA categories. 

 This study employed a quantitative, predictive research design. Data were collected 

from 55 construction education students and recent graduates from American Council for 

Construction Education (ACCE) accredited baccalaureate programs who had completed the 

AIC Level I examination. Binary logistic regression was used to analyze the predictive model, 

while independent-samples t tests and Welch’s analysis of variance were used for group 

comparisons. 

 Results indicated that the two-predictor model did not significantly predict pass/fail 

outcomes on the AIC Level I examination. Grade point average midpoint showed a positive 

but not statistically significant relationship with exam outcomes, and no significant differ-

ences in construction education self-efficacy were observed between students who passed 

and those who did not. However, statistically significant differences in direct assessment 

learning outcomes were found across GPA categories. Findings suggest that academic 
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performance is associated with demonstrated competency achievement, while GPA and self-

efficacy alone are insufficient predictors of professional certification exam outcomes. Impli-

cations for construction education assessment and student preparation are discussed. 
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Chapter 1 

Introduction 

The U.S. construction industry is one of the largest markets in the world. Construction 

represents 4.1% of the U.S. Gross Domestic Product (GDP), with expenditures estimated at 

1,449 billion dollars by 2023 (Wang, 2020) The future of the U.S. construction industry is 

promising, with professional demand projected to outpace average growth across all occu-

pations from 2018 to 2028 at 10%. This robust growth is a testament to the industry's resili-

ence and potential. The U.S. construction industry currently employs over 11.3 million peo-

ple, with a diverse workforce that includes 10.3% Women, 88.1% White, 6.4% African Ameri-

can, 1.9% Asian, and 30.4% of Hispanic or Latino descent, with a median age of 42.6 (Bu-

reau of Labor Statistics, U.S. Department of Labor, 2020). Higher Education plays a crucial 

role in shaping the future of the U.S. construction industry, particularly in construction man-

agement. Through professional development, academic preparation, and assessment, it sig-

nificantly impacts the competencies of construction professionals and construction project 

outcomes (Almashhadani & Almashhadani, 2023). This underscores the value of academic 

preparation in the industry.  

The Construction Workforce 

Construction is a highly competitive and risky industry that relies heavily on the skill 

set and body of knowledge contributed by its workforce. Fundamentally, the construction 

workforce comprises three groups: key personnel referred to as “key people,” construction 

management personnel, and skilled craft personnel. Key people are the owners and closely 

associated top managers who may be minority stockholders. There may be as few as three 

key people for many construction companies and one or two for smaller companies 

(Schleifer, Sullivan, and Murdough, 2014). 



15 

Construction management personnel are responsible for project planning, coordina-

tion, budgeting, supervision, and productivity. These responsibilities require management 

skills and knowledge, including leadership, communication (oral/written), others’ motivation, 

health and safety, decision-making, and forecasting and planning (Egbu, 1999). Construc-

tion management personnel are qualified construction professionals who have gained in-

dustry knowledge through postsecondary coursework and on-the-job training. 

Skilled craft personnel specialize in one or more of the 50 Construction Specifica-

tions Institute (CSI) Master Format specification divisions (i.e., division 3 concrete, division 

26 electrical). Requirements include work experience, on-the-job training, and often formal 

vocational education, but not a bachelor’s degree. Journeyman-level skilled craft personnel 

are considered experts and have a minimum of three years of working experience or have 

completed an apprenticeship program. 

Construction is a fast-moving and ever-evolving industry. The construction profes-

sional’s role now includes many front-end services, which increases the required skill set of 

new college graduates due to the influence of globalization on business and the construc-

tion industry (Choudhury, 2001). Additionally, an expanded skill set is necessary as alterna-

tive contractual delivery systems, collaborative partnerships, new management initiatives, 

and global markets require professionals and students to have a broader awareness of con-

struction methods and project management issues (Ahmed et al., 2014). Relying solely on 

educational institutions to develop the body of knowledge for construction professionals is 

impractical. Back, Macdonald, and Grau (2012) suggested that a university education is no 

longer adequate for preparing project professionals for their future roles.  
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Construction Industry Educational Partners 

In order to assist construction management programs with curriculum development, 

program standards assessment, professional development, and employment opportunities, 

universities have established partnerships with construction industry accreditation bodies 

and industry advocacy organizations such as the National Center for Construction Education 

& Research (NCCER), the Associated Builders and Contractors (ABC), the American Council 

for Construction Education (ACCE), and the American Institute of Constructors (AIC). 

NCCER develops standardized construction and maintenance curriculum and assess-

ments with portable credentials in more than 70 construction skills areas, also known as 

crafts, and a complete series of assessments that require students to apply newly learned 

classroom skills on a construction job site or at one of the over 6,000 NCCER-accredited 

training and testing centers located across the United States. NCCER’s workforce develop-

ment process of accreditation, instructor certification, standardized curriculum, registry, as-

sessment, and certification is crucial in the industry’s workforce development efforts (Na-

tional Center for Construction Education & Research, 2020).  

ABC is a construction industry lobbying association whose core purpose is to advance 

and defend the merit shop’s non-union principles in the construction industry and provide 

members and their employees with an opportunity to succeed (Associated Builders and Con-

tractors, 2020). ABC sponsors student chapters that operate at many universities. Members 

can attend conferences, compete in competitions, and apply for scholarships offered by 

ABC. The exposure generated by these opportunities helps students enhance their employa-

bility with companies seeking new graduates and interns.  

The construction accreditation process fosters high standards for professional learn-

ing in construction and is a means of strengthening construction education  (American 



17 

Council for Construction Education, 2020). It does so by requiring programs to achieve and 

maintain a level of quality that merits accreditation. Accreditation is a means of providing 

formal recognition that a program meets the industry’s high educational standards and is 

therefore qualified to educate its future practitioners. Established in 1974, ACCE’s mission 

is to be the leading global advocate of quality construction education and promote, support, 

and accredit quality construction education programs. ACCE serves over 90 construction ed-

ucation programs and boosts formal relationships with over 13 industry associations and 

corporate partners. In collaboration with its member institutions and industry partners, ACCE 

developed a set of guidelines that included 20 student learning outcomes (SLOs) that con-

struction education students should achieve before graduating. The ACCE SLOs reflect 

Bloom’s Taxonomy identification of four of the six intellectual skills and abilities as being re-

membering, understanding, applying, analyzing, evaluating, and creating, including the fol-

lowing (“Document 103B: Standards and criteria for the accreditation of postsecondary con-

struction education degree programs,” 2019): 

1. Create written communications appropriate to the construction discipline. 

2. Create oral presentations appropriate to the construction discipline. 

3. Create a construction project safety plan. 

4. Create construction project cost estimates. 

5. Create construction project schedules. 

6. Analyze professional decisions based on ethical principles. 

7. Analyze construction documents for planning and management of construction pro-

cesses. 

8. Analyze methods, materials, and equipment used to construct projects. 
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9. Understand the role of the construction manager as a member of different multi-dis-

ciplinary project teams.  

10. Apply electronic-based technology to manage the construction process. 

11. Apply basic surveying techniques for construction layout and control. 

12. Understand different methods of project delivery and the roles and responsibilities of 

all constituencies involved in the design and construction process. 

13. Understand construction risk management. 

14. Understand construction accounting and cost control. 

15. Understand construction quality assurance and control. 

16. Understand construction project control processes. 

17. Understand the legal implications of contract, common, and regulatory law to man-

age a construction project. 

18. Understand the basic principles of sustainable construction. 

19. Understand the basic principles of structural behavior. 

20. Understand the basic principles of mechanical, electrical and piping systems. 

The American Institute of Constructors Constructor Certification Commission (2018) 

suggested that a practical yet efficient, comprehensive assessment process following na-

tionally acceptable psychometric guidelines is required to ensure students receive a high-

quality education. Therefore, it presented the American Institute of Constructors (AIC) Associ-

ate Constructor (AC) Level 1 certification examination as a generic assessment tool that all 

ACCE accredited four-year construction management programs could use to develop, imple-

ment, analyze, and improve their program's ability to evaluate the mastery of student learn-

ing outcomes. The AIC AC Level 1 Exam evaluates ACCE SLOs 6, 7, 8, and 12 – 20 while ad-

hering to the assessment guidelines or requirements of ACCE, their institution, and their 
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regional accreditation agency. According to (Flumo, 2020) AIC administers the AIC AC Level 

1 Exam twice yearly (Spring & Fall) at over 60 university-based exam sites. About 50 con-

struction education programs mandate the exam’s use, with some schools requiring stu-

dents to pass or meet another performance metric. The exam pass rate ranges from 65% to 

70%. Gender and ethnicity data are optional and not required during registration. N. Flumo 

(2020) estimated that of the exam students, 70-75% are male, 25-30% are female, 75% are 

white, and 25% are minority.  

Furthermore, Elliott, Thevenin, and Bigelow (2017) suggests that students enrolled in 

construction education programs should be empirically investigated to elucidate their role in 

educational pursuits and program performance and completion.  Therefore, the Construc-

tion Training Attitudes and Intentions Scale (CTAIS) construction education domain-specific 

survey instrument was used to assess psychological constructs useful in understanding and 

predicting human behavior that influences completion and success among construction ed-

ucation training participants. Research indicates that domain-specific measures have 

greater predictive power than general measures for construction education self-efficacy 

(CESE), construction education motivation (CEM), and construction education planned be-

havior (CEPB), thereby increasing the utility of the findings for construction management fac-

ulty. 

Statement of the Problem 

The construction industry is ever changing, and a recognized need is for younger, di-

verse, and knowledgeable construction professionals. Increased spending, an aging work-

force, and a surge in public, private, two year, and for profit institutions offering construction 

education should serve as conduits to a construction workforce revitalization. However, low 

participation percentages among women and minorities in construction education indicate 
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disparities in the objectives and goals established by institutions (Escamilla et al., 2018). 

Moreover, the employment gap between craft personnel and construction management per-

sonnel has created a negative cultural perception among women and ethnic minorities in 

construction that must be addressed (Escamilla, Ostadalimakhmalbaf, and Bigelow, 2016). 

Furthermore, differences between enrollment and retention goals in construction education 

may be associated with recruitment and achievement gaps affecting women, first-genera-

tion students, minority students, students from lower socioeconomic backgrounds, and 

other traditionally underserved student groups in higher education as a whole (Ryan and 

Bauman, 2016). Notwithstanding, there is no apparent link between student performance, 

program curriculum, internship and co-op opportunities, and faculty with construction indus-

try experience on achievement for construction education students.  

Purpose of the Study 

The purpose of this study is to examine whether a two-predictor model using grade 

point average (GPA) midpoint and construction education self-efficacy (CESE) can predict 

pass/fail outcomes on the American Institute of Constructors Level I examination. The study 

also examines differences in construction education self-efficacy between students who 

pass and those who do not pass, as well as differences in student learning outcomes and 

applied experience across GPA bands. 

Research Questions 

The following research questions guided this study: 

1. Do grade point average (GPA) and construction education self-efficacy (CESE) signifi-

cantly predict pass/fail outcomes on the American Institute of Constructors Level I 

examination? 
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2. Do students who pass the American Institute of Constructors Level I examination dif-

fer in construction education self-efficacy (CESE) from those who do not pass? 

3. Do direct assessment outcomes (SLO_mean) and applied experience totals (exp_to-

tal) differ significantly across GPA categories?  

Significance of Study 

Given the construction industry’s impact on the national economy, both the public 

and private sectors can benefit from an improved understanding of how to better recruit, re-

tain, train, and graduate future construction management professionals.  With increasing 

construction spending projections over the next 20 years, an aging workforce, and a deterio-

rating infrastructure, this research could usefully inform construction education programs, 

construction firms, and other partners in the built environment. A vibrant construction indus-

try should also reflect the nation's demographics and its customers, including women and 

minorities. This research could provide data to aid institutions and employers in developing 

organizational strategic planning. Findings are based on 55 complete student records (45 

pass, 10 fail). The relatively small number of failure cases limits the events-per-predictor ra-

tio for the logistic regression model, and results should therefore be interpreted with caution 

due to reduced statistical power. 

Assumptions of the Study  

Several assumptions were applied before the study. First, the AIC AC Level 1 Exam 

was assumed to be a valid, domain specific indicator of student achievement in construction 

education programs. Second, construction education programs utilized the AIC AC Level 1 

Exam as a program assessment tool. It is also feasible that students enrolled in programs 

that do not require passing the AIC AC Level 1 Exam as a graduation criterion may not take 
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the exam seriously.  Finally, the study assumed that employers valued credentialed con-

struction education graduates. 

Limitations of the Study 

Several limitations should be considered when interpreting the findings of this study. 

First, the sample size was relatively small, with 55 complete responses included in 

the final analysis. Although sufficient for exploratory analysis, this sample size limits statisti-

cal power and reduces the generalizability of the findings. In particular, the number of stu-

dents who failed the AIC Level I Exam was low (n = 10), which constrains the ability to detect 

statistically significant relationships between predictors and exam outcomes. 

Second, the outcome variable was imbalanced, with a substantially larger proportion 

of students classified as passing the exam (approximately 82%) compared to those who 

failed (18%). This class imbalance influenced model performance, resulting in high overall 

classification accuracy but poor identification of failing students. As such, the model demon-

strates limited utility for identifying at-risk students. 

Third, the predictive performance of the model was limited. The independent varia-

bles included in the model grade point average (GPA) midpoint and construction education 

self-efficacy (CESE) did not demonstrate statistically significant relationships with exam out-

comes. Additionally, the model explained only a small proportion of the variance in student 

performance and exhibited weak discrimination ability. Therefore, the model should be inter-

preted as exploratory rather than predictive. 

Fourth, GPA was collected as categorical ranges and converted into midpoint values 

for analysis. While this approach enabled the use of GPA as a continuous variable, it intro-

duces approximation and may reduce measurement precision. 
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Fifth, exam performance was based on self-reported score ranges rather than official 

AIC Level 1 exam records. This introduces the potential for reporting bias and may affect the 

accuracy of the outcome variable. 

Finally, the scope of predictors included in this study was limited. Although additional 

constructs such as construction education motivation (CEM) and construction education 

planned behavior (CEPB) were collected, they were not included in the final model due to 

data limitations. Other potentially relevant factors, such as test preparation, prior work expe-

rience, institutional differences, and nonacademic influences, were not examined and may 

help explain variability in exam outcomes. 

Definition of Terms 

The following definitions of terms are furnished to provide, as nearly as possible, 

clear and concise meanings of terms as used in this study.  

1. Contractual Delivery System - Method for organizing and financing design, construc-

tion, operations, and maintenance services for a structure or facility by entering into 

legal agreements with one or more entities or parties. 

2. Direct Assessment - Quantified observations and ratings of student performance 

3. Front End Services - The process of developing sufficient strategic information to ad-

dress risk and make decisions to commit resources to maximize the potential for a 

successful project. 

4. Graduation - Outcome of students completing a program within a cohort, measured in 

six years (bachelor's) or three years (associate's)  

5. Graduation Efficacy - Ability to produce a desired or intended result before graduat-

ing.  
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6. Gross Domestic Product (GDP) - Total value of goods produced and services provided 

in a country for one year 

7. Indirect Assessment - Qualitative evaluations of student achievement 

8. Master Format - Coding system for organizing construction documents, contracts, de-

sign specifications, and operational manuals. It uses specific numbers and associ-

ated titles that make up a universal indexing system. 

9. Merit Shop - Non-union contractor  

10. Persistence - Continued enrollment at any institution 

11. Retention- Continued enrollment within the same institution for the fall semesters of 

a student’s first and second year 

12. Student Learning Outcome (SLO) - Specify what students will know, be able to do, or 

be able to demonstrate when they have completed or participated in a Course or Pro-

gram 

Organization of the Study 

Chapter 1 introduces the study, the problem, its purpose, research questions, signifi-

cance, assumptions, limitations and delimitations, and definitions of terms. Chapter 2 con-

sists of a literature review of college choice, the field of study, retention, academic perfor-

mance, and career preparation. It discusses the differences between disadvantaged and un-

derrepresented students and their historical representation within the construction industry. 

Chapter 3 addresses the procedures, data collection, and data analysis of the research. It 

describes the methods, including sample screening that yielded 55 usable cases, instru-

ments, and the analytic sequence (binary logistic regression (GPA + CESE), ROC curve analy-

sis, and Welch ANOVA for GPA band comparisons). Reliability and validity evidence for the 

CESE scale are summarized. Chapter 4 presents the research results, including the logistic 
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model coefficients, ROC curve, confusion matrix, and GPA band analyses for SLO and ap-

plied experience, followed by the sample's demographic characteristics. Chapter 5 con-

cludes the dissertation with a summary, conclusions, and recommendations for further re-

search. 
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Chapter 2 

Review of Literature 

Chapter 1 introduced the study and its purpose, articulated the research questions, 

and defined the problem statement, definitions, significance, organization, and limitations. 

Chapter 2 presents the literature review, including various relevant perspectives to provide 

context on the history of the construction industry, its projected future, and the nature of its 

personnel. This chapter also presents findings from the literature relevant to generational 

characteristics and tendencies, as well as to higher education, student learning, and assess-

ment, to provide context for the research methods employed. The review includes studies 

from various disciplines, including education, construction, engineering, architecture, and 

others. Peer reviewed journal articles and proceedings publications, other dissertations, 

books, periodicals, and other outlets were accessed through multiple databases, and by in-

vestigating references cited in relevant articles, a thorough review was compiled to inform 

the study. 

Purpose of the Study 

This study empirically investigated whether a parsimonious two-predictor model, 

grade point average (GPA) midpoint and construction education self-efficacy (CESE), could 

predict pass/fail status on the AIC Level I Exam. In addition, the research explored how di-

rect assessment of student learning outcomes (SLO) and applied experience totals varied 

across GPA bands. 

Research Questions  

The following research questions guided this study: 
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1. Do grade point average (GPA) and construction education self-efficacy (CESE) signifi-

cantly predict pass/fail outcomes on the American Institute of Constructors Level I 

examination? 

2. Do students who pass the American Institute of Constructors Level I examination dif-

fer in construction education self-efficacy (CESE) from those who do not pass? 

3. Do direct assessment outcomes (SLO_mean) and applied experience totals (exp_to-

tal) differ significantly across GPA categories? 

Student Success and Self-Efficacy in Higher Education 

Student success in higher education has evolved beyond narrow measures such as 

grades or completion rates and is now understood as a multidimensional construct shaped 

by academic, psychological, and contextual factors. Contemporary scholarship emphasizes 

that student success is influenced not only by individual academic ability but also by institu-

tional structures, access to resources, and students' sense of belonging within their educa-

tional environment (Blockett et al., 2022; Taylor, 2022). Blockett et al. (2022) draw particu-

lar attention to how these dynamics operate for historically marginalized student popula-

tions, demonstrating that success is not uniformly experienced and must be examined 

within broader social and institutional contexts. These perspectives collectively affirm that 

higher education institutions bear significant responsibility for creating conditions under 

which all students can thrive. 

Recent work further argues that student success initiatives must account for the con-

ditions under which students learn, including support systems, instructional practices, and 

opportunities for engagement (Taylor, 2022). Within this framework, psychological con-

structs such as motivation and self-perception play a central role in shaping how students 

approach learning tasks and persist through academic challenges. As a result, 
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understanding the internal drivers of student performance has become an important compo-

nent of higher education research. 

One of the most widely recognized frameworks for understanding these internal driv-

ers is self-efficacy theory, introduced by Albert Bandura. Originating in his 1977 work on be-

havioral change, self-efficacy refers to an individual's belief in their capacity to successfully 

perform tasks required in specific situations (Bandura, 1977). The concept was subse-

quently formalized in Bandura's social cognitive theory as an individual's judgment of their 

capability to organize and execute courses of action required to attain designated levels of 

performance (Bandura, 1986). In educational settings, students with higher self-efficacy are 

more likely to engage with challenging material, persist in the face of difficulty, and demon-

strate higher levels of academic performance. These characteristics make self-efficacy a 

critical variable when examining student success across disciplines. 

In addition to psychological frameworks, educational models such as Bloom's Taxon-

omy provide a structured way to understand how students progress from foundational 

knowledge to higher-order cognitive skills (Bloom et al., 1956; Anderson & Krathwohl, 

2001). This progression is particularly relevant in applied fields, where students must not 

only acquire knowledge but also demonstrate the ability to apply, analyze, and evaluate con-

cepts in real-world contexts. The integration of cognitive development frameworks with self-

efficacy theory provides a more comprehensive understanding of how students learn and 

perform in academic environments. 

Taken together, these perspectives suggest that student success is best understood 

through a combination of external conditions and internal beliefs. Within this study, Con-

struction Education Self-Efficacy (CESE) is examined as a domain-specific application of self-
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efficacy theory, reflecting students' confidence in their ability to perform tasks related to 

construction education. Drawing on Bandura's (1986) foundational framework, CESE opera-

tionalizes self-efficacy within the applied context of construction education, where technical 

competence and procedural knowledge are central to academic and professional perfor-

mance. Positioning CESE within the broader higher education literature provides a theoreti-

cal foundation for examining how psychological factors interact with academic performance 

in applied disciplines. This framework also supports the interpretation of findings and in-

forms the recommendations presented in Chapter 5. The CESE construct is grounded in 

Bandura’s (1977) self-efficacy theory and reflects students’ perceived capability to perform 

tasks within the construction education context. 

The History of Construction 

It is essential to understand the evolution of the related industries of the built envi-

ronment and how the design and construction professional disciplines have behaved and 

changed over time. As this research focused on student achievement in the construction ed-

ucation domain, it is also necessary to better understand the target population and the role 

higher education plays in developing future construction industry professionals.  

Construction in Ancient Civilizations to the Nineteenth Century 

The practice of construction, encompassing agriculture, shelter, and transportation, 

has evolved over nearly four thousand years, influenced by early civilizations like the Meso-

potamians and Egyptians. These societies established sophisticated techniques and legal 

codes, such as King Hammurabi's code, which mandated professional accountability in con-

struction.(Beard, J.L., Loulakis, M.C., & Wundram, E.C., 2001).  

During the Roman Empire, architect Marcus Vitruvius documented design processes, 

emphasizing the importance of a comprehensive knowledge base for builders. Following the 
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fall of Rome, the Renaissance revived architectural significance, as seen in the work of fig-

ures like Filippo Brunelleschi and Leon Battista Alberti (Beard et al., 2001). The latter distin-

guished art from craft and emphasized design through drawings, leading to a division of ar-

chitectural responsibilities that solidified in the mid-18th century with the rise of formal ar-

chitectural education at the École des Beaux-Arts in Paris (Thomsen & Sanders, 2011).  

The United States's Role in Advancing the Construction Industry  

During the mid-1800s, the United States emerged as a prominent leader in progress 

and creativity. Despite being partially disrupted to some extent by the Civil War, the mid to 

late 19th century Industrial Revolution significantly influenced the design and construction 

industry. Entrepreneurship facilitated the development of task, labor, and skill specializa-

tion, leading to significantly more elaborate structures and other human-made advance-

ments in the built environment (Beard et al., 2001). The advent of electricity quickly led to 

the development of new motors, pumps, elevators, and other technological advancements 

and mechanisms by which buildings and civil projects were enhanced (Hughes, 1984). An-

other significant technological breakthrough during that period was the transition from struc-

tural iron to carbon steel, allowing designers and engineers to increase the span and height, 

overcoming historical limitations. Mechanical engineers began to specialize in air condition-

ing by the 1950s. Thomsen and Sanders observed, "The past 150 years have seen breath-

taking technological change and economic vitality driving ever-increasing specialization and 

fragmentation" (Thomsen & Sanders, 2011, p. 11). 

Amidst the Industrial Revolution in the 19th century, another significant development 

entailed the establishment of professional groups and organizations associated with design 

and building. The American Society of Civil Engineers was established in 1852 and is the 

oldest engineering society in the nation (American Society of Civil Engineers, 2016). The 
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American Institute of Architects was also established in the United States in 1857 to ad-

vance its members' scientific and practical perfection and elevate the profession's standing 

(American Institute of Architects, 2016). These newly established groups offered their mem-

bers specialized expertise, industry best practices, support for markets, and the earliest 

stages of accepted contract language (Thomsen & Sanders, 2011), which maintained and 

further promoted the division between the design and construction disciplines. Disciplinary 

segregation coincided with the emergence of formal licensure. The Miller Act of 1935 was a 

significant legislative achievement that greatly influenced the establishment of a clear dis-

tinction between design and construction. Among other things, the main objective of the 

measure was to mandate separate bonds for both payment and enhancing the efficiency of 

federal construction projects to safeguard the interests of the government and stakeholders 

(Wallick & Stafford, 1964). The legislation intensified the differentiation between the fields, 

as companies focusing on the design phase did not include or could not undertake the pro-

ject's building aspect.  

While construction practices in ancient civilizations were largely based on craft 

knowledge and manual techniques, the field has undergone significant transformation with 

the advancement of engineering principles, materials science, and project management 

methodologies. Over time, construction evolved from a trade based practice into a complex 

and interdisciplinary field requiring formal education and specialized training. 

The emergence of construction as an academic discipline was driven by the increas-

ing complexity of the built environment and the need for a skilled workforce capable of man-

aging modern construction processes. This shift led to the development of construction 

management and construction science programs within higher education institutions, where 

students are trained to integrate technical knowledge with practical application. As a result, 
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construction education now plays a critical role in preparing students for professional prac-

tice and industry demands. 

 

Developing Construction Professionals 

Science scholars suggest that the national economy depends on science, technology, 

and mathematics (STEM) graduates with 21st-century skills, including critical thinking, com-

munication, and collaboration. Construction engineers, construction managers, and skilled 

workers typically have these competencies. A study on secondary students' (n=9,880) atti-

tudes towards STEM showed that students generally had a moderate interest in STEM ca-

reers, including those in the construction industry. Most students (51.4%) showed interest in 

veterinary work, while the smallest group (29.8%) was interested in physics careers. The 

study also indicated differences per gender and racial demographics, with females (30%) 

less interested in engineering careers and Asian students (47%) showing the most interest 

in STEM careers. Nevertheless, university and industry programs aim to address the need 

for workers with STEM competencies and 21st-century skills and close the STEM competen-

cies. The 21st-century skills achievement gap between United States and global students 

continues to rise (Faber et al., 2013). 

Likewise, college STEM students have shown a reluctance to pursue STEM-based 

construction industry careers despite the high demand, high placement rates, and high sal-

ary opportunities, albeit for an entirely different reason other than the lack of STEM compe-

tencies, 21st-century skills, or the challenges of design and construction curricula. For exam-

ple, in a university survey of 30 senior-level engineering students, 81% of whom have con-

struction industry experience, half stated that they would not pursue a construction career 

after graduation. The common theme among those with limited experience in or no 
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knowledge of the construction industry is hot, dangerous, tedious, and inconsistent work 

with extended hours. However, worker quality of life issues did not hinder those entering the 

construction industry. Instead, they viewed opportunities such as problem-solving, hands-on 

work, travel, and the ability to see the project process from initiation to close-out as an in-

centive to pursue a career in the construction industry (Engineering News-Record, 2014). In 

addition, employers in various sectors value a building and construction industry graduate 

due to technical skills, business knowledge, and communication skills. First, it is essential to 

understand how construction engineering, construction management, and skilled trades dif-

fer and the practitioners' development requirements in these personnel sectors.  

Construction Engineering 

Regarding construction engineering, the Alabama Building Code describes the prac-

tice of engineering as any professional service that requires engineering education, training, 

and experience in the application and exceptional knowledge of mathematics, physical and 

engineering sciences. The services may include utilities, structures, buildings, mechanical 

and electrical processes, projects, and other activities. The engineering practice does not in-

clude architecture, machinery, or machinery and equipment operators. A professional engi-

neer has obtained a license from the State Board of Licensure for Professional Engineers 

and Land Surveyors and is qualified to practice engineering (Alabama Building Code Title 34. 

Professions and Businesses, 1975). However, construction engineering may be an over-

looked discipline by most seeking an engineering degree. Engineering generally consists of 

four major primary branches: chemical engineering, civil engineering, electrical engineering, 

and mechanical engineering, with construction engineering being one of the numerous sub-

disciplines and interdisciplinary subjects  (Frodeman, Klein, and Pacheco, 2017). 
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Moreover, of the 765 U.S. institutions with ABET-accredited engineering programs, 

only 55 offer a degree in construction engineering or construction engineering technology 

(Accreditation Board for Engineering and Technology, 2020). Nevertheless, the need for con-

struction engineering programs remains as great as it did over two decades ago when Tener 

(1996) stated, "The practice of construction engineering and management in the United 

States increasingly demands professional engineers who are capable of solving technical, 

management, social, political, and leadership problems as tough as those faced in any other 

engineering discipline." Consequently, individuals seeking professional engineering careers 

in the construction industry typically pursue an undergraduate degree in civil engineering or 

construction engineering. 

The origins of construction education can be traced as early as the first part of the 

twentieth century as a part of the practical aspects of many early civil engineering degree 

programs (Abudayyeh et al,. 2000). Increased specializations in construction engineering af-

ter World War II forced civil engineering programs to develop construction specialty degree 

undergraduate programs (Oglesby, 1990) such as structural engineering, environmental en-

gineering, mechanical, electrical, and plumbing (MEP), and heating, ventilation, and air con-

ditioning (HVAC). Evolving from the roots of civil engineering, Oglesby (1990) suggested that 

construction engineering education focuses on the building life cycle from conception, de-

sign, and procurement through construction, operation, and maintenance. Furthermore, 

Abudayyeh et al. (2000) indicated that construction engineering undergraduate education 

would lead to a B.S. degree, with most graduates entering construction industry careers re-

lated to the design of facilities as environmental, geotechnical, structural, transportation, or 

water resources engineers. At its 2011 conference, the American Society of Civil Engineers 

defined construction engineering as "the series of technical activities throughout the project 
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delivery process that supports construction and constructability decisions and plans along 

with field operations; create a safe and productive construction environment; and seek to 

avoid and solve the engineering issues associated with delivering a project" (McTavish & 

Stallard, 2011, p. 729). The definition aligns with Johnston and Marceau's (1995) assertion 

that construction is a process that must be designed (engineered) and managed;  however, 

due to the technical nature of construction engineering and the program curriculum's 

breadth, the management aspects of construction engineering are often overlooked. Indus-

try experts suggested:  

No matter how elegant an engineering solution can be, it can only be effective if it is 

communicated. Therefore, the construction engineer must be taught how to solve a problem 

and communicate the solution across educational, cultural, and language barriers (McTavish 

and Stallard, 2011). 

Construction Management 

The construction industry is continuously changing. To keep up, construction compa-

nies must adapt to new construction building technology and management systems changes 

that tend to occur every 10-15 years. Therefore, an emphasis on understanding and re-

sponding to change weighs squarely on the personnel managing construction projects. How-

ever, the most detrimental risk to construction companies is the need for more available 

personnel in leadership roles due to the construction industry's response to change. (Scott, 

2020) cites the rapid retirement rate of baby boomers and the 2001-2009 recession as sig-

nificant contributors to the current shortage of construction managers. She also suggests 

that persistent COVID-19 economic downturns may further exacerbate the available con-

struction personnel leadership gap. As an essential core competency of construction manag-

ers, leadership skills are an increasingly important objective for globally competitive 
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construction companies (Back et al,. 2012). Therefore, in addition to applying technical com-

petencies, construction managers must draw upon their understanding of operations man-

agement, organizational behavior, and communication knowledge and techniques devel-

oped through industry and academic experience (McCarthy, 2010). In addition, research has 

concluded that industry-university partnerships are beneficial to effective joint strategic plan-

ning, curriculum development, industry advisory committee involvement, student and faculty 

internships, and outcome-based success measures (Tener, 1996).  

The American Council for Construction Education (ACCE) fosters high standards for 

professional learning in construction through accreditation and the promotion of industry-

university partnerships. ACCE serves over 90 construction education programs and boosts 

formal relationships with over 13 industry associations and corporate partners. In collabora-

tion with its member institutions and industry partners, ACCE developed guidelines that in-

cluded 20 student learning outcomes (SLOs) that construction education students should 

accomplish before graduating (American Council for Construction Education, 2020). A stu-

dent's ability to create project schedules and cost estimates, analyze documents, materials, 

and equipment, and apply technology to manage the construction process correlates to a 

construction manager's essential attribute to plan, schedule, and control construction opera-

tions. 

Practical experience gained by full-time employment after graduation and co-op or 

internship opportunities as an undergraduate, helps establish a basic grounding in construc-

tion fundamentals and the development of the construction manager's time horizon. Ideally, 

1-3 years of project field management experience is necessary for time horizon develop-

ment. Entry-level construction managers must know how projects work and have a time hori-

zon that expands the project's entirety. However, more experienced construction managers 
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responsible for corporate strategy and business development and undertaking tasks and 

project types outside their area of expertise, may have time horizons that span a career or 

longer (McCarthy, 2010). Nevertheless, the essential attributes of experience, project con-

trol management, and forecasting will have limited effectiveness without the ability to work 

harmoniously with other people. The construction manager must have the personality and 

insight that will enable them to delegate tasks, administer conflict resolution, and provide 

direction to project personnel, often under tense and difficult circumstances. Doing so re-

quires an appreciation and understanding of the human factor (Sears, Clough, and Sears, 

2008).  

Skilled Trades 

The skilled craft workforce is the heart of the construction industry through its com-

petitiveness and availability to implement construction expertise (Rowings, Federle, and 

Birkland, 1996). Whereas engineers and construction managers are responsible for design-

ing and managing construction projects, skilled craft personnel are relied upon to carry out 

construction methods learned through years of practical application in the construction 

trades. Mechanical skills, emphasis on production, use of hand tools, and pride in work 

quality broadly identify this group of construction industry workers, as skilled craft personnel 

typically find gratification in transforming raw materials into a finished product (Tidewater 

Technology Associates, 1985). The availability of this personnel group critically impacts con-

struction project cost performance. Skilled craft personnel specialize in one or more of the 

50 Construction Specifications Institute (CSI) Master Format specification divisions (i.e., divi-

sion 3 concrete, division 26 electrical). 

In 1997, the National Center for Construction Education and Research (NCCER) 

found that most U.S. construction firms (92%) reported shortages in skilled labor. Relative to 
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later state statistics, research indicates that 62% of Alabama's general contractors need 

more qualified, skilled craft personnel (Olsen et al., 2012). Demographic changes contrib-

uted to the current labor shortage in the U.S. workforce, particularly in the construction in-

dustry, which was predicted as early as the 1980s (Fullerton, 1998). Moreover, emerging 

technology, skill development changes, and the negative image of construction also im-

pacted the skilled construction workforce (Chini, Brown, and Drummond, 1999).   

Estimates indicated that through the year 2000, the American white male (41%) 

would be the largest single demographic in the 140 million U.S. workforce. However, an in-

crease in women, minorities, and immigrants in the workforce required the U.S. construction 

industry to modify its recruiting and training efforts for this diverse demographic to respond 

to the pending deficit attributed to the aging white male construction worker (Packer and 

Johnston, 1987). Currently, the U.S. construction industry employs over 11.3 million people, 

consisting of 10.3% Women, 88.1% White, 6.4% African American, 1.9% Asian, and 30.4% 

of Hispanic or Latino descent, with a median age of 42.6 (Bureau of Labor Statistics, U.S. 

Department of Labor, 2020). Nevertheless, despite available job opportunities, the construc-

tion industry winning the battle for a younger, diverse workforce was not inevitable due to 

more lucrative benefit packages, hourly wages, and stability found with manufacturing com-

panies (Roths, 1998).  

Customarily, the construction skilled craft worker relied on trade unions for place-

ment opportunities and education via apprenticeship programs and on-the-job training. How-

ever, in the early 1980s, open-shop (non-union) companies' evolving business practices 

loosened trade unions' influence in the construction industry. However, Kadlub (1998) sug-

gested that non-union companies should have done better and improved the skilled labor 

pool by providing training methods that were shorter and less effective than traditional union 
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instruction. Of further consequence was the rising dilemma relative to the apparent stigma 

cast upon the construction worker, as cited by one researcher:  

The term "construction worker," embodied as the unskilled manual laborer, has negative 

connotations for young people. To youngsters, "construction workers" are ditch diggers they 

see calling obscenities to passersby, loafing on the job. Most associated with dirt, sweat, 

and a gruff demeanor, the construction worker lacks prestige, class, and respectability 

(Rosenthal, 1990).  

As the U.S. construction industry searches for long-term solutions to the skilled craft 

worker shortage, it may find solace in the efforts made at the regional level by independent 

agencies such as the Alabama Industrial Development Training (AIDT), which encourages 

economic development through job-specific training. Established in the fiscal year 1970-71 

as a contract program reporting to the State Board of Education through the Department of 

Education Division of Vocational-Technical Education, AIDT is the primary sponsor of the 

Construction Trades Training (CTT) program. CTT aims to provide career pathway opportuni-

ties to high school graduates and second chance options for "Ready to Work" program grad-

uates via developing skillsets that lead to well paid and in-demand jobs (Telfair, 2018). The 

result of similar recruitment and vocational education programs may stem the adverse ef-

fects of an aging workforce, the elimination of vocational training in high schools, and the 

emphasis on college for high school graduates on the skilled craft workforce.  

Theoretical Contributions of Higher Education as Practice  

Viewing higher education as practice involves seeing teaching, learning, and assess-

ment as socially situated, historically informed, and purpose-driven activities, not just tech-

nical functions. This perspective, derived from practice theory (Bourdieu, 1977; Kemmis et 

al., 2014), emphasizes the co-constructive nature of meaning-making by educators, 
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students, and institutions within patterned actions, shared norms, and power-laden con-

texts. Within this framework, learning outcomes, assessment, and student success are not 

neutral mechanisms, but intentional practices grounded in equity commitments and discipli-

nary epistemologies. 

Practice Theory and Higher Education Teaching 

In practice, higher education draws on theories of habitus, praxis, and professional 

judgment. Bourdieu (1977) proposed that practices are rooted in embodied dispositions of 

social structures, and Kemmis et al. (2014) referred to “practice architectures” as the cul-

tural, material, and social conditions that make possible or limit educational work. In higher 

education, this framing reveals the interactions between curricula, pedagogy, and policy and 

how these shape student experiences, especially for historically marginalized learners. 

Drawing on practice-based approaches, scholars such as Blockett (2022) and Taylor 

Jr. (2022a, 2022b) focused on racialized and minoritized identities. Blockett’s work on Black 

queer men in education shows how classroom practices can affirm or marginalize students 

through everyday pedagogical decisions. Taylor Jr.’s scholarship highlights the role of institu-

tional practices on Black male identity development and persistence and reminds us that 

teaching is inherently relational and political. 

Student Learning Outcomes and Bloom’s Taxonomy 

Bloom’s Taxonomy (revised by Anderson and Krathwohl, 2001) is a practice-based 

taxonomy. It is not just a cognitive hierarchy, but a design practice that purposefully guides 

the alignment of learning goals, instruction, and assessment. Clear Student Learning Out-

comes (SLOs) are the way in which institutional values and disciplinary standards are made 

measurable and the way in which subjective educational goals are translated into observa-

ble actions. 
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Applying Bloom’s taxonomy logically, educators transition from surface-level cognitive 

skills to higher-order practices such as critical analysis, knowledge creation, and ethical rea-

soning. This supports Shulman’s (2005) concept of signature pedagogies, which emphasize 

how professional ways of thinking are developed through authentic practice that is repeated. 

Assessment as a Mode of Reflective Practice 

Assessment as a practice activity in higher education is fundamentally a learning-

centered and equity-informed activity. Wiggins and McTighe (2005) suggest that assess-

ment should be backward designed to support meaningful learning and transfer. Assess-

ments are not just accountability measures, but also reflective practices that inform teach-

ing, support student growth, and reveal structural inequities. 

Practice-oriented assessment is about students showing what they have learned and 

whose knowledge counts. Blockett et al. stress the significance of culturally responsive as-

sessment practices that validate diverse modes of expression and meaning making, thereby 

fostering more inclusive conceptions of academic excellence. 

Learning Styles, Agency and Student Engagement 

Although the notion of fixed learning styles has been empirically challenged (Pashler 

et al., 2008), a practice-based perspective shifts the focus to learning preferences, strate-

gies and agency. Effective teaching practices recognize that students vary in their engage-

ment with content and create flexible learning environments that offer multiple pathways to 

mastery. 

Taylor Jr. emphasizes the importance of pedagogical practices that acknowledge stu-

dents' lived experiences and cultural knowledge and connect pedagogy to identity and be-

longing. Such practices enhance engagement and persistence, especially for students navi-

gating historically exclusionary educational spaces. 
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Student Success as an Emergent Practice 

Finally, student success is not an individual trait but an emergent outcome of institu-

tional practices. Tinto (2012) underscores that persistence is influenced by classroom expe-

riences, academic support, and meaningful interactions between faculty and students. From 

a practice perspective, transforming the everyday practices of teaching, advising, and as-

sessment is necessary to foster belonging, competence, and purpose to improve student 

success. 

Blockett and Taylor Jr. collectively demonstrate that equitable student success re-

quires an understanding of the ways power, identity, and practice intersect in higher educa-

tion. The contributions offered a vision of higher education as a moral and social practice 

aimed at justice, inclusion, and transformative learning. 

Recognition of Construction as a Discipline in Higher Education 

American colleges and universities continue to make substantial changes to their 

construction curricula in response to the shifting demands of the construction industry. Col-

leges and universities started acknowledging construction as a separate discipline in the 

early 1970s, apart from architecture or civil engineering. As a result of this acknowledgment, 

specialized programs in construction management and construction engineering were es-

tablished, offering students specialized instruction and training in project management, con-

struction practices, and construction law. The development of stand-alone construction pro-

grams cleared the path for an all-encompassing and targeted approach to construction edu-

cation. In response to the need for program assessment or certification, accreditation bod-

ies such as the American Council for Construction Education (ACCE) were established (Amer-

ican Council for Construction Education, 2020). 

Integration of Industry Partnerships and Professional Development  
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Establishing robust partnerships with construction companies, industry associations, 

and professional organizations has enabled universities to effectively bridge the gap be-

tween academia and industry. Industry professionals visit the classroom through these part-

nerships, exposing students to contemporary business practices and offering networking op-

portunities. Most construction management programs encourage students to pursue profes-

sional certifications, such as the Certified Construction Manager (CCM), Certified Profes-

sional Constructor (CPC), or LEED accreditation, enhancing their marketability and demon-

strating their commitment to ongoing professional development. Often, professional certifi-

cations require a prerequisite certification or pre-exams that higher education programs use 

as student learning assessments. The Fundamentals of Engineering (F.E.) exam, part one of 

the two-part exam for licensure as a Professional Engineer (PE), can be an assessment tool 

for university engineering schools and their engineering libraries. University engineering li-

braries can evaluate their collections and determine whether they meet the needs of their 

engineering students by examining the F.E. exam results provided by the National Council of 

Examiners for Engineering and Surveying (NCEES) (Bossart 2021).  

Construction management programs at universities accredited by the American 

Council for Construction Education (ACCE) must assess programmatic student learning out-

comes (ACCE, 2020). Every program must submit a quality improvement plan to ACCE based 

on the assessment findings (ACCE, 2020). This assessment aims to ensure that the program 

is continuously improved. The Associate Constructor (AC) exam was developed by the Ameri-

can Institute of Constructors (AIC) Constructor Certification Commission (CCC). To become a 

Certified Professional Constructor (CPC), candidates must pass the A.C. exam, the first of 

two certification levels offered by AIC. It consists of 300 multiple-choice questions adminis-

tered over one day in two four-hour blocks. Skills and knowledge are measured and reported 
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within the subject areas: 1. Communication Skills; 2. Engineering Concepts; 3. Management 

Concepts; 4. Materials Methods Project Modeling and Visualization; 5. Bidding and Estimat-

ing; 6. Budgeting and Cost Control; 7. Planning and Scheduling; 8. Construction Safety; 9. 

Construction Geomatics; and 10. Project Administration (Leathem et al., 2018). These ex-

ams focus on performance in specific subjects rather than overall passing rates for assess-

ment purposes. Programs that require all their students to take the exam, regardless of 

whether they require students to pass the exam to graduate, can use the exam results as a 

curriculum evaluation tool. 

Integration of Practical Industry Experience 

Over the past fifty years, colleges have emphasized the value of real-world experience 

in construction education. Cooperative education programs, internships, and industry part-

nerships were developed to provide students and faculty with real-world exposure and 

hands-on learning opportunities. Students and faculty are better equipped to handle the de-

mands of the construction field and gain valuable insights into the industry's complexities by 

working on projects with professionals. Construction professionals who have spent time in 

private and public companies are finding professional opportunities open to them in aca-

demia. Many schools are hiring professors of practice who focus on preparing students for 

the ''real world" of the built environment. These faculty were typically off the tenure track and 

focused on teaching rather than research. Significant industry experience allows these fac-

ulty to fill a niche in their college that might have been ignored due to the lack of faculty with 

such experience. Their value in higher education is varied and appreciated, as they can pro-

vide unique perspectives and skills, access to new networks, and knowledge concerning 

how to craft win-win partnerships between universities and companies. Before entering aca-

demia, these practitioners may have been responsible for or participated in industry-
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university relations, for which they liaised with academia for student recruitment, continuing 

education for employees, and research partnerships (Levine, 2015). 

There are also opportunities to join a university later in life as an adjunct professor. 

Often, these positions were created to leverage knowledge and aid the expansion of under-

graduate research programs or degree tracks. To promote residential construction educa-

tion, ACCE awards a Dupree Construction Education Fund up to $5,000 in conjunction with 

the National Housing Endowment to a candidate pursuing an advanced degree in construc-

tion management with a desire to teach residential construction in an ACCE accredited con-

struction management program. 

However, according to (Mccuen, 2007), the significance of industry experience as a 

prerequisite for new faculty members has been undermined by favoring a doctoral degree in 

construction education programs' hiring procedures at universities in the United States. Ex-

amining the job postings from 1992 through 1994 determined that 71% of the selected 

sample necessitated prior expertise in the field. However, they must still specify a Ph.D. or 

doctorate as a mandatory qualification. An examination of the job postings made in the au-

tumn of 2006 indicated a decrease in the necessity for prior experience since only 60% of 

the newly available academic posts demanded industrial expertise. In addition, out of the 37 

job announcements made in the fall of 2006, 14 or 38% specified that a Ph.D. or doctorate 

was necessary. Furthermore, it is noteworthy that out of the 14 programs that necessitated 

a doctoral degree, only 3, or 21%, demanded any industrial experience in conjunction with 

the Ph.D. or doctorate. These findings corroborate the observed pattern that industry exper-

tise is becoming less necessary for construction faculty while a doctoral degree is increas-

ingly preferred. The average tenure necessary for individuals applying for the academic va-

cancies advertised was 3.8 years. This average is calculated solely from the announcements 
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that explicitly state the minimum number of years of industry experience needed for the 

post. The average duration of 3.8 years differs from scientific studies on the time needed for 

knowledge accumulation and the development of expertise in a particular subject area 

(Mccuen, 2007). 

Nevertheless, the departure of experience as a required credential for new construc-

tion faculty is counterintuitive because it removes expert industry knowledge from the class-

room in an applied science discipline. Results from Leinhardt and Greeno's (1986) examina-

tion of expert-novice differences in teaching concluded that teaching is a complex cognitive 

skill that "requires the construction of plans and the making of rapid inline decisions" in a 

"relatively ill-structured dynamic environment" (Leinhardt & Greeno, 1986, p. 75). Experi-

ence is how cognitive skills evolve from novice to expert-level status. This link of experience 

to expert teaching is essential in educating construction students. 

Since the establishment of the American Council for Construction Education (ACCE) 

in 1974, the construction education sector at universities and colleges in the United States 

has undergone significant transformations to accommodate the industry's ever-evolving re-

quirements. Educators have been able to better prepare students for successful careers in 

the construction industry by acknowledging construction as a distinct discipline, incorporat-

ing practical experience, and cultivating partnerships with industry organizations. As the in-

dustry continues to evolve, construction education programs must remain dynamic, continu-

ously adapting to emerging trends and technologies, ensuring that graduates are equipped 

with the skills and knowledge needed for the future of construction (Liska, 2002). 

History of the Oldest US Construction Education Baccalaureate 

Booker T. Washington, a Hampton Institute alumnus and former enslaved individual, 

was assigned the ab initio role of establishing a school without land, faculty, or students. 
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Tuskegee University originated in a modest room adjacent to Butler Chapel AME Zion Church 

in Tuskegee, Alabama, and then expanded to 100 acres with a brick kiln; it now spans 

5,000 contiguous acres featuring over 100 structures. Several original structures were de-

signed by Robert R. Taylor, the first African American Massachusetts Institute of Technology 

graduate and an architect engaged by Booker T. Washington, in whose honor Tuskegee Uni-

versity’s School of Architecture and Construction Science is named.  

In 1883, Tuskegee University provided vocational training for African Americans in tin 

smithing, brick making, painting, and plastering. It was among the inaugural programs at a 

Historically Black College and University (HBCU) nationwide. The Tuskegee program 

equipped African Americans to become master builders, responsible for America's largest 

concentrated physical enterprise, constructed entirely by African Americans for its desig-

nated purpose and occupancy.  

The Construction Science and Management (CSM) Program, formerly known as Build-

ing Contracting, was established in 1933 as a four-year degree program within the Depart-

ment of Mechanical Industries and continues to uphold the University’s founding principle of 

“Learning to do by doing.” The updated CSM curriculum offered professional training in con-

struction project management. The program can be completed in four years and provides 

diverse courses, including construction methods, sustainability principles, surveying, project 

controls management, building information modeling, business, humanities, physical sci-

ences, and general studies. The four-year construction science curriculum cultivates "Project 

Ready" construction professionals adept in managing personnel, finances, time, and physi-

cal resources while comprehensively understanding the quality and safety standards man-

dated for all construction professionals.  
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In 2010, the Board of Trustees elevated the architecture and construction science 

departments from the College of Engineering, Architecture and Physical Sciences (CEAPS) to 

the Robert R. Taylor School of Architecture and Construction Science (TSACS). The Taylor 

School, situated in the Willcox A, C, and E buildings, is founded on a belief in the power of 

architecture and construction science to uplift the human condition and give form to soci-

ety’s highest aspirations. Students are equipped to become civic architects and community 

leaders who articulate a vision for improved communities.  

Students gain advantages from the CSM Co-op/Internship Program by obtaining col-

lege credit for employment in their major discipline, generating income for tuition and ex-

penses, translating academic knowledge into practical experiences, cultivating a profes-

sional network, and enhancing professionalism and self-assurance. The current curriculum 

offers additional training and certifications, including OSHA 10 & 30 Hour, Erosion Control 

Management (QCI), and Landscape Management (Hunt, 2018). 

Underrepresented Construction Education Students 

According to the Bureau of Labor Statistics (BLS), in 2018, the United States (U.S.) is 

expected to grow around 10 percent in the demand for construction managers from 2018 to 

2028. This growth rate is higher than the average for other professions. Individuals immedi-

ately seeking high-paying construction management careers must possess construction in-

dustry expertise and hold a bachelor's degree in a construction-related subject  (BLS, 2018). 

In response to the growing demand for skilled construction workers, many postsecondary 

institutions have implemented construction management (CM) programs to attract, educate, 

and graduate exceptional undergraduate students. Moreover, many universities, especially 

public ones, are responsible for offering educational opportunities to a wide range of stu-

dents, specifically those who have historically been underrepresented or underserved in 
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higher education (WSU CM Strategic Plan 2015-2020, 2015; Texas A&M Strategic Plan 

2016-2021, 2016). Despite the objectives and goals established by various institutions, the 

participation rates of women (usually less than 10%) and minorities (possibly less than 20%) 

in CM education reveal discrepancies between the intended outcomes and the actual re-

sults (Escamilla et al., 2018; Shane et al., 2012; Del Puerto et al., 2011). Possibly, the dif-

ferences in enrollment and retention goals in CM higher education may be linked to the 

widely acknowledged recruitment and achievement gap concerning women, first-generation 

students, minority groups, individuals from lower socioeconomic backgrounds, and other his-

torically underserved student populations in CM education and higher education in general 

(Ryan & Bauman, 2016; Bailey et al., 2011; Inman & Mayes, 1999).  

Female Students in Construction Education 

Women in the United States have a greater enrollment and graduation rate from 

postsecondary institutions than men (Ryan & Bauman, 2016; Lopez & Gonzalez-Barrera, 

2014). However, women globally still have much lower enrollment rates in construction edu-

cation programs than men (Oo & Widjaja, 2018; Shane et al., 2012; Del Puerto et al., 2011). 

Del Puerto et al. (2011) found that the proportion of female undergraduate students com-

pleting a CM program at a Western institution in the United States varied from 4.6% to 

12.6% between 2000 and 2010. The average percentage throughout the ten years was 

7.9%. Shane et al. (2012) observed a consistent decrease in the proportion of female under-

graduate students studying construction engineering at another university in the U.S. Mid-

west. The ratio dropped from around 10% in 2000 to 7% in 2006. In contrast, Oo and 

Widjaja (2018) documented a rise in the enrollment of female students at three Australian 

universities from 2006 to 2015. One institution slightly increased the number of female 
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students by just under 5%. However, the other two universities had enrollment rates that 

started at around 10% in 2006 and ended at over 17% in 2015 (Oo & Widjaja, 2018). 

Several reasons have been suggested to discourage women from pursuing educa-

tional and career paths in construction, worsening the gender disparity in the field. The fac-

tors contributing to the negative perception of the construction industry are 1. a negative im-

age of the industry (Menches & Abraham, 2007); 2. a culture dominated by men and char-

acterized by oppression (Amaratunga et al., 2006; Dainty et al., 2000); and 3. a lack of 

awareness and knowledge about career opportunities in construction (Amaratunga et al., 

2006; Moore & Gloeckner, 2007). In order to address these and other issues that discour-

age participation, researchers have investigated the characteristics associated with the re-

cruitment and retention of females in the field of CM. Bigelow et al. (2015) conducted a 

study to determine the factors most strongly correlated with females' decision to pursue a 

CM degree. They found that internships, career opportunities, and having a father working in 

construction were the factors with the highest correlation. On the other hand, mentoring, 

high school counselors, and work experience were found to have the lowest correlation. 

These findings contradict the criteria proposed by Del Puerto et al. (2011) and Moore and 

Gloeckner (2007), which suggested that mentoring and work experience are essential varia-

bles for luring women into the construction business. 

Minorities and Latinos in Construction and Higher Education 

Extensive documentation exists on the disparities in occupation between individuals 

of Latino and non-Latino backgrounds within the construction sector. Between 2012 and 

2016, Latino workers comprised 69% of new construction hires and represented 36% of the 

overall construction and extraction labor force in the United States. However, they only com-

prised 12.4% of construction managers during the same period. There is also a comparable 
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disparity in higher-education achievements for Latinos. As of 2016, the percentage of Lati-

nos in the United States who were above 25 and had a bachelor's degree was only 15.5%, 

whereas the percentage of non-Latino Whites with a bachelor's degree was 36.2% (Ryan & 

Bauman, 2016). Escamilla et al. (2018) observed an increase in Latino students enrolling at 

Texas A&M University from 2008 to 2012, a positive development for Latinos pursuing 

higher education in construction. Similar to Latinos, minority students, as a whole, encoun-

ter an educational disparity in higher education. According to Ryan and Bauman (2016), the 

percentage of black students over 25 with a bachelor's degree is only 22.5%, whereas the 

percentage of whites is 36.2%. 

Students eligible for Pell Grants in higher education 

The Federal Pell Grant Program offers financial assistance through need-based 

grants to economically disadvantaged undergraduate and post-baccalaureate students to 

increase access to higher education. Although only income determines Pell eligibility, stu-

dents who qualify for Pell Grants are more likely to be members of historically underrepre-

sented groups in higher education. During the 2011-2012 academic year at public 4-year 

schools, a higher percentage of black students (62.0%) and Latino students (51.9%) re-

ceived Pell grants compared to white students (29.9%) (Trends in Pell Grant Receipt 2015). 

Individuals from economically disadvantaged backgrounds have lower enrollment and com-

pletion rates in higher education than their peers (Bailey & Dynarski, 2001). Nevertheless, 

Pell's assistance enhances the probability of minority students' graduation (Chen & 

DesJardins, 2010). 

First Generation Students in Higher Education 

First-generation (first-gen) students are individuals enrolled in a university or college 

whose parents have yet to obtain a bachelor's degree (Pike & Kuh, 2005). Approximately 
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25% of undergraduate students in the United States are first-generation, according to Red-

ford & Hoyer, (2017). First-generation students, individuals whose parents did not obtain a 

bachelor's degree, are more likely than continuing-generation (con-gen) students to identify 

as a racial minority and originate from a family with a lower socioeconomic position (Inman 

& Mayes, 1999). In addition, first-generation students have a lower likelihood of attaining a 

bachelor's degree. Engle and Tinto (2008) found that only 11% of first-generation students 

who entered a bachelor's degree program completed their degree within six years, while 

55% of their counterparts from continuing-generation backgrounds did so. 

Assessing the Equity Gap in Construction Education 

Research on correcting the disparities in CM education is lacking, particularly when it 

comes to women and, to a lesser degree, minority students. However, a study by (Burgoon et 

al., 2020) found that while male students were retained at a similar rate as female stu-

dents, there was an equity gap for female transfer students. The study suggests that the crit-

ical time to address retention is during the first few years of enrollment when students expe-

rience higher-than-average department attrition rates. Female transfer students left the CM 

program at a higher-than-average rate, and by the eighth year, they were 11.1% less likely to 

remain enrolled or graduate than the average transfer student. 

Middle-class, non-minority, and Latino students retain at a similar rate to the aver-

age, but minority and Latino students experience more variability than non-minority stu-

dents. Equity gaps are evident for all populations. New minority and transfer Latino students 

graduated or remained enrolled in the CM program at higher than average rates by the 

eighth year. However, between the second and sixth years of evaluation, new minority and 

transfer Latino students remained enrolled at a lower-than-average rate. 
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New non-Pell-eligible and transfer Pell-eligible students were retained at a slightly 

higher rate than the average but experienced increased variability, especially during the 

fifth-year observation. There is an equity gap for transfer non-Pell eligible students, with 

them experiencing a slow decline in retention or graduation. The equity gap for new Pell-eligi-

ble students is more extensive, with students leaving the program at a concerning rate by 

the second year and less likely to remain enrolled or graduate by the eighth year. 

A targeted focus by faculty on female support relationships could be helpful given the 

disparities previously discussed, and opportunities to connect female students to industry 

professions should be facilitated (Moore & Gloeckner, 2007). Construction science, con-

struction technology, and construction management are all derivatives of civil engineering, 

and engineering and construction share the concept of masculinity. Engineering tends to at-

tract more middle-class or upper-middle-class males, while construction tends to attract 

more working-class males. Moreover, most higher education instructors specialize in their 

degree field and have not been exposed to education foundations courses, let alone diver-

sity, equity, and inclusion courses. Suppose they have not simply progressed straight 

through their education from undergraduate to doctorate. In that case, they bring with them 

into their classrooms not only the methods of teaching they learned from their previous pro-

fessors (white males) but also attitudes and experiences from the work environment that are 

often biased and abusive towards females. Eisenberg (1998) supported this claim and re-

ferred to the ongoing psychological, physical, and sexual abuse that women who work in the 

construction industry experience, particularly on construction job sites. Foley (2007) ques-

tioned how faculty experiences impacted pedagogy on their interactions with female stu-

dents and the lack of preparation most professors have before entering the classroom. Fo-

ley's research deconstructs masculine technocratic pedagogy in engineering and 
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construction science education, suggesting the incorporation of liberative pedagogies. Liber-

ating the construction classroom from improper masculinity requires teachers, instructors, 

and professors to have cultural awareness in various areas, including gender, class, race, 

and sexuality. Professors should show compassion in their attempts to educate individuals 

and incorporate students' life experiences into the classroom. Critical educators need to un-

derstand, affirm, and analyze these experiences, using them in ways that neither unquali-

fiedly endorse nor delegitimate them (Foley, 2007).  

Graduating Disadvantaged College Students 

In 2019, the RAND Corporation defined disadvantaged students as students whose 

family, social, or economic circumstances hinder their learning at school. Consequently, 

these circumstances may still exist when a disadvantaged student decides to attend college. 

Once a disadvantaged student enrolls in college, the emphasis shifts to the importance of 

retention and graduation. One of the most challenging goals for any college is to increase 

retention, but it is one of the most important goals due to its direct effect on graduation 

rates. "Student success is predicted by continuity and intensity of the enrollment, along with 

the content of the curriculum" (Handel, 2009, p.52). Students cite numerous reasons for 

withdrawal from college, including family reasons, lack of time, academics being more com-

plicated than thought, financial aid, and wrong fit with the school, among other issues. In ad-

dition, some students are not prepared for college and suffer grade inflation in high schools 

(Moen & Martin, 2010). Demographic, academic, and financial factors influence disadvan-

taged college students (Braunstein, Lesser, and Pescatrice, 2008). Therefore, college 

choice, the field of study, academic performance, and career preparation are critical factors 

to the graduation efficacy of disadvantaged college students.  

College Preparation 
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The Pell Institute (2022) highlights several programs that seek to level the playing 

field for disadvantaged students who desire to attend college, including Upward Bound, Tal-

ent Search, and Student Support Services (SSS), collectively known as TRIO. TRIO programs 

provide academic tutoring, personal counseling, mentoring, financial guidance, and other 

support necessary for educational access and retention. They have served over 800,000 

low-income, first-generation students and students with disabilities. Findings from a 1998 

quasi-experimental design study suggest that SSS has a statistically significant positive ef-

fect on student success, persistence, and retention (Chaney et al., 1997). Over three years, 

the study tracked (n=5,800) students at 47 postsecondary institutions. A comparison group 

of (n=2,900) students was constructed to match the demographic and educational profiles 

of (n=2,900) first-year SSS participants enrolled during the 1991-92 academic year. The 

study concluded that SSS participants were likelier to remain enrolled in higher education, 

accrue more college credits, and earn higher grade point averages (GPAs). Braunstein et al. 

(2008) also spoke highly of programs to aid disadvantaged college student retention. The 

researchers investigated whether programs that provide services to achieve equal education 

opportunities help low-income, first-generation college students and individuals with disabili-

ties graduate from college. The three-year comparison of logistic regression models study 

examined the retention rates of freshman-level disadvantaged student program participants 

(n=130) to that of all first-year students (n=2,368) enrolled at a midsized Predominately 

White Institution (PWI). The study also indicated that race was a significant factor in the re-

tention of all first-year students at the institution, suggesting that white students, regardless 

of disadvantaged student program participation, are more likely to return in the second year 

(Braunstein et al., 2008).  

College Selection  
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Historically, Black Colleges and Universities (HBCUs) in the U.S. have battled several 

challenges, including declining enrollment numbers and lower-than-average graduation and 

retention rates. Despite these challenges, a two-year Gallup-Purdue Index study reveals that 

black graduates of HBCUs are more likely than black graduates of other institutions to be 

thriving, robust, consistent, and progressing in several areas of their lives, particularly in 

their financial and purpose well being (Seymour & Ray, 2015). The study included 

(n=55,812) college graduates, 520 black graduates of HBCUs, and 1,758 black graduates 

of other colleges to compare financial well-being and purpose well-being. Financial well-be-

ing gauges how effectively people manage their economic lives to reduce stress and in-

crease security. Conversely, purpose well-being gauges social relationships and meditation 

to achieve goals. Braunstein et al. (2008) findings lead one to question whether there could 

be a performance gap between HBCUs and non-HBCUs. In 2012, the Frederick D. Patterson 

Research Institute published a straightforward comparison of descriptive statistics with a 

controlled analytical approach to examine the retention rates of students enrolled in HBCUs 

(n=85) and non HBCUs (n=1,875) that serve similar populations. The study concluded that 

HBCUs do have a lower retention rate than non-HBCUs. However, when including the regres-

sion equation, the number of Pell Grant dollars per enrolled undergraduate, SAT critical 

reading scores, and SAT math scores, HBCUs statistically retain more students than non-

HBCUs (Richards et al., 2012). These findings are consistent with similar research chroni-

cling college achievement that concluded HBCUs graduate black students at higher rates 

(38 % versus 32% for comparable non-HBCUs) despite their students' having lower stand-

ardized test scores and greater financial need (Wyllie 2018). Richards and Awokoya (2012) 

added that the study factored in age, gender, average income, location, high school success, 
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and other factors that could paint a more accurate picture of what individual students face 

and how HBCUs perform. 

Financial aid can be a significant factor for many students since meeting financial ob-

ligations is troublesome for students from disadvantaged areas and backgrounds (Gordon 

and Copes, 2010). The Pell Grant program, established in 1972, allocates nearly $30 billion 

annually to help students from low-income families attend college. Over 60% of all African 

American college students receive a Pell Grant (U.S. Department of Education, 2017). Also, 

according to the U.S. Department of Education, National Center for Education Statistics, In-

tegrated Postsecondary Education Data System (IPEDS), the share of undergraduate stu-

dents receiving Pell Grants rose from 25% (21.9 million) in 2007-08 to a peak of 40% (24.7 

million) in 2011-12. It declined steadily to 32% (22.2. million) in 2017-18. These grants 

were typically reserved for students whose families earn less than $40,000 annually. The 

percentage of low-income students at all the nation's HBCUs is greater than that of students 

who qualify for Pell Grants nationwide (The Journal of Blacks in Higher Education, 2006). 

Program Selection and Retention  

Suppose family, social, or economic circumstances are critical to defining a disadvan-

taged student. In that case, disadvantaged college students must seek degree programs 

with the best return on investment that ensures expedient yet complete college matricula-

tion. Using an empirical and quantitative methodology, Belser et al. (2017) questioned to 

what extent undergraduate Science, Technology, Engineering, and Math (STEM) retention 

(from the first year to the second year) can be predicted by participation in STEM majors that 

emphasize career preparation. The authors examined three variables as potential predictors 

of retention in STEM-related majors: (a) a STEM-focused career planning intervention, (b) 

students' initial major declarations, and (c) changes in scores on a measure of career 
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readiness. The study participants (n=315) included undeclared (n=54), STEM (n=212), or 

non-STEM (n =49) and compared students (n=181) who took a STEM-focused career plan-

ning course to students (n=134) who took a STEM seminar course without a career planning 

focus. Institutional data and participant 4-point Likert-type scale results indicated that un-

dergraduate students who initially declared a STEM major and participated in career plan-

ning had higher retention rates.   

Corresponding literature about the retention and graduation of disadvantaged col-

lege students suggests that a high population of disadvantaged college students attending 

HBCUs, a sense of involvement and belonging, impacted student success and retention 

(Credle and Dean, 1991). Credle & Dean's (1991) findings align with Seymour & Ray's 

(2015) reasoning as to why students select to attend an HBCU. HBCUs with academic pro-

grams that provide pathways to STEM-based careers successfully address student retention 

issues. Programs implemented at non-HBCUs to increase the retention and graduation of 

disadvantaged students have also yielded success. However, the concentrated population of 

shared commonalities such as financial aid needs and lower average college entrance exam 

scores enables the HBCU to retain disadvantaged college students more effectively. 

Equity in Construction Education 

A comparative review of the literature addressing equity gaps in construction educa-

tion indicated that the success variables for underrepresented students are similar to those 

for disadvantaged students. Although there is a difference between underrepresented and 

disadvantaged students, factors such as Pell Grant eligibility and first-generation college en-

rollment are primary commonalities. In contrast, race, ethnicity, and gender are secondary. 

In other words, an African American female student from a single-parent household may only 

sometimes meet the requirements of a disadvantaged student. However, if enrolled in a 
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construction science and management program, she is an underrepresented student. Bur-

goon et al. (2020) compared the enrollment and retention rates, interdepartmental migra-

tion patterns, and student satisfaction and graduation success outcomes of undergraduate 

students enrolled in a Construction Management (CM) program. They aimed to identify 

trends and equity gaps between female, first-gen, minority, Latino, and Pell-eligible under-

graduate CM students and their counterparts. The research results benchmarked strategic 

initiatives to recruit and retain traditionally underrepresented undergraduate students into 

CM education (Burgoon et al., 2020, p. 21). The study findings indicated correlated and fre-

quent equity gaps for each underrepresented group compared to the majority student popu-

lation. Initiatives focused on recruiting more college-bound females, Latino, Pell-eligible, and 

minority students could increase the number of first-semester CM students. Additionally, ef-

forts focused on mitigating the retention gap for students at the highest risk of attrition were 

specific suggestions in the research study (Burgoon et al., 2020, p. 31).  

In further examining the differences between underrepresented and disadvantaged 

students, it is vital to understand retention and graduation at HBCUs. One hypothesis would 

suggest that a higher percentage of disadvantaged students attend HBCUs. However, Rich-

ards and Awokoya (2012) questioned whether there is a performance gap between HBCUs 

and non-HBCUs and how the gap changes when serving similar populations (Richards & 

Awokoya, 2012, p. 12). A straightforward comparison of descriptive data suggests that 

HBCUs have lower retention rates than non-HBCUs. However, when accounting for low-in-

come, minority, and students with lower SAT scores, HBCUs statistically retain more stu-

dents than non-HBCUs (Richards & Awokoya, 2012, p. 13). "When we focus on the gradua-

tion of blacks specifically, HBCUs would outperform non-HBCUs by 13 percentage points" 

(Richards & Awokoya, 2012, p.15). Similar to (Burgoon et al., 2020), Richards and Awokoya 
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(2012) point to first-gen, low-income, and underrepresented populations' lack of college 

readiness, suggesting a needed alignment of the K-12 and higher education pipeline (Rich-

ards & Awokoya, 2012, p. 15).  

Ultimately, student demographics, discipline, or college selection are not solely indi-

cators of student success. Weigensberg et al. (2012) concluded that motivation, attitude, 

commitment, and confidence are critical to student success. A successful student will likely 

be motivated to learn, make a concerted effort to attend class and meetings, and feel that 

academic achievement is within their scope of abilities. Ajzen's (1991) theory of planned be-

havior is used to build the concepts that Fox and Spector (2010) say can be used to predict 

how well students will perform in construction education. These concepts include intention, 

norm, attitude, and planned behavior control. Ultimately, Elliott et al. (2018) refinement of 

the Construction Training Attitudes and Intention Scale (CTAIS), comprising Construction Ed-

ucation Self-efficacy (CESE), Construction Education Motivation (CEM), and Construction Ed-

ucation Planned Behavior (CEPB), provided construction educators with a concise construc-

tion-domain-specific instrument with demonstrated reliability and validity for predicting edu-

cation performance and attrition (Elliott et al., 2018). 
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Chapter 3 

Methods 

Chapter 1 introduced the study and its purpose, articulated the research questions, 

and defined the problem statement, definitions, significance, organization, and limitations. 

Chapter 2 presented a literature review, including various relevant perspectives to provide 

context on the history of the construction industry, its projected future, and the nature of its 

personnel. The review included findings relevant to generational characteristics and tenden-

cies, as well as findings related to higher education, student learning, and assessment, 

providing context for the research methods. The review, which included studies from various 

disciplines, was based on peer-reviewed journal articles and conference proceedings, disser-

tations, books, periodicals, and other outlets accessed through multiple databases. Investi-

gating references cited among relevant articles further enriched the review. Chapter 3 pre-

sents the research methods, specifically including the study design, variables used for com-

parison, the mechanics of the instrumentation, information on the population, the pilot study 

and its findings, and data collection strategies. 

Overall Design of the Study 

This investigation employed a predictive research design, binary logistic regression 

for the predictive model, and ANOVA/Welch ANOVA for the GPA-band comparisons. The pre-

dictive phase used 55 complete student records (45 pass, 10 fail), yielding an events-per-

predictor ratio of 22.5, which is above the 10-EPV rule. The study used an existing instru-

ment, the adapted Construction Training Attitudes and Intentions Scale (CTAIS), to assess 

construction education self-efficacy (CESE). Construction education motivation (CEM) and 

construction education planned behavior (CEPB) items were collected but not analyzed in 
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the predictive model because their zero-order correlations with exam outcome were trivial 

(|r| ≤ .14). 

Prior to the complete study, a quantitative pilot effort was used to inform the overall 

investigation regarding which independent variables would be practical and useful for com-

parison. Simple linear regression was used to model the relationship between a scalar re-

sponse (dependent variable) and one or more explanatory variables (independent varia-

bles). Additionally, a quantitative pilot survey was administered to identify potential issues 

with the electronic data collection strategy. Participants in the pilot were graduate-level ed-

ucation research students at a large southeastern university, but not from the target popu-

lation of construction education participants. No pilot data were carried into the primary 

analysis. 

Following refinement of the survey based on the pilot study and approval by the uni-

versity’s Institutional Review Board (IRB), the full survey, including CTAIS questions, was de-

livered electronically to the target population. The survey included demographic questions 

to support predictive analysis using binary logistic regression and comparative analysis us-

ing Welch ANOVA. 

This study investigated whether grade point average (GPA) midpoint and construc-

tion education self-efficacy (CESE) predict AIC Level I Exam performance, and whether di-

rect assessment student learning outcomes (SLO) and applied experience totals differ 

across GPA bands. 

The strength of this study is its ability to observe and measure statistical relation-

ships between variables without manipulating the independent variables, without random 

assignment, control groups, or pretesting. However, selection may affect internal validity. 

According to McMillan (2012), “selection” refers to differences in characteristics among 
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subjects across groups. This study focused specifically on construction education students, 

and results may differ for other STEM populations. 

Participants 

Quantitative research commonly uses probability sampling methods like simple ran-

dom sampling, stratified sampling, or cluster sampling to achieve representativeness and 

enable statistical generalization to a broader population. In contrast, qualitative research of-

ten uses nonprobability sampling methods such as purposeful, criterion, or maximum varia-

tion sampling to intentionally select participants who can provide rich, detailed, and perti-

nent information about the phenomenon being studied. Nevertheless, according to Creswell 

(2014), the choice of sampling method should align with the research approach, purpose of 

the study, and research questions. Therefore, purposeful sampling was used in this study to 

select a minimum of 100 participants, 19 years of age and older, including construction 

management students and recent graduates from ACCE accredited baccalaureate programs 

who had taken the AIC Associate Constructor (AC) Level I Exam. This aligns with Saunders et 

al. (2012) definition of homogeneous sampling, where participants share key characteristics 

(e.g., major and academic background).  

The sampling approach used in this study aligns with established practices in educa-

tional research, where non-probability sampling methods are commonly employed in applied 

settings (Creswell, 2014). Given the specific population of interest and the context in which 

the data were collected, this approach was appropriate for addressing the research ques-

tions. Additionally, the sample size is consistent with recommendations for statistical anal-

yses such as logistic regression, where sufficient cases per predictor are required to ensure 

stable estimates (Sanders et al., 2012). Together, these considerations support the ade-

quacy of the sample for the purposes of this study. 
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After removing incomplete submissions, duplicate IDs, and cases with missing GPA, 

55 complete records (45 pass, 10 fail) remained for analysis. This yielded an events-per-pre-

dictor ratio of 22.5, which satisfies the 10-EPV guideline. 

Purposive sampling may introduce researcher bias. Because the sample consisted 

only of students from ACCE accredited programs who participated in the AIC Level I Exam, 

sampling bias may be present. Random sampling or inclusion of broader construction-re-

lated populations could reduce this bias. However, the study required a focused population 

to address the research questions. 

Instrumentation 

Following the pilot study, revisions were made to improve clarity and reduce redun-

dancy, including reducing the number of items and simplifying response formats. 

This study utilized the adapted CTAIS (Elliott et al., 2017) to assess construction edu-

cation self-efficacy (CESE). The instrument included 37 items across three subscales: con-

struction education motivation (CEM; 9 items), construction education planned behavior 

(CEPB; 14 items), and construction education self-efficacy (CESE; 14 items). 

The survey instrument consisted of multiple sections designed to capture demo-

graphic information, academic performance, self-efficacy, applied experience, and student 

learning outcomes. Demographic items included categorical questions related to age range, 

gender, race/ethnicity, academic classification, and prior construction-related experience to 

provide a descriptive profile of the sample. 

Academic performance was measured using self-reported GPA ranges. These rang-es 

were converted into midpoint values to create a continuous variable (gpa_num) for use in 

statistical analyses. 
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The dependent variable, exam outcome (pass_exam), was derived from partici-pants’ 

self-reported AIC Level I Exam score ranges and dichotomized into pass (1) and fail (0) 

based on the AIC passing threshold of 70%. 

Construction education self-efficacy (CESE) was measured using the relevant sub-

scale of the Construction Training and Assessment Instrument Survey (CTAIS). The CESE 

construct consisted of 14 items measured on a 5-point Likert scale ranging from strongly 

disagree (1) to strongly agree (5), with composite scores calculated as the mean of all items. 

Applied experience (exp_total) was calculated as a composite score reflecting par-tici-

pants’ reported involvement in construction-related activities, including internships, field-

work, and hands-on experience. 

Student learning outcomes (SLO_mean) were measured using direct assessment 

items aligned with program-level learning objectives. Composite scores were computed as 

the mean of the included items, with lower values indicating stronger agreement and higher 

perceived performance. 

Student learning outcomes (SLO_mean) were measured using direct assessment 

items aligned with program-level learning objectives. These items were designed to capture 

students’ perceived attainment of key competencies within the Construction Science and 

Management program. 

Items were measured using a 5-point Likert-type scale, and subscale scores were 

computed by averaging item responses. Higher scores indicate higher levels of each con-

struct. 

CEM and CEPB were collected for future research but were excluded from the predic-

tive model due to trivial zero-order correlations with exam outcomes. 
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Cronbach’s alpha was computed to assess internal consistency. The CESE scale 

demonstrated strong reliability (α = .93), exceeding the .70 threshold (Morgan et al., 2007). 

The final instrument included the adapted CTAIS along with demographic and cate-

gorical questions. 

Pilot Study 

The pilot study utilized Qualtrics to host the web based survey. The pilot instrument 

included seven demographic questions, five nominal-type questions, five ‘yes’ or ‘no’ type 

questions, and 30 5-point Likert-style scale questions. Based on the pilot results, the survey 

instrument was refined prior to implementation in the main study.  The pilot study was used 

to assess the clarity and internal consistency of the survey instrument. Reliability analysis 

yielded a Cronbach’s alpha of .60 (n = 30), which was considered acceptable for an explora-

tory study. Graduation Efficacy and Internship/co-op experience were measured using multi-

ple survey questions combined into a single score, with higher scores reflecting greater in-

ternship or co-op experience.  

The pilot study Mean measurements scales reported the following reliability statis-

tics of the 30 5-point Likert-style scale questions: graduation efficacy (M=0.490, α=.951, 

k=20), field of study (M=0.385, α=.652, k=3), internship/co-op experience (M=0.386, 

α=.654, k=3), and college choice (M=0.332, α=.713, k=5). The descriptive statistics were 

summarized for all variables in Table 1, where Graduation Efficacy and Internship/co-op ex-

perience were measured using multiple survey questions combined into a single score, with 

higher scores reflecting greater internship or co-op experience. Stepwise multiple regres-

sion analysis determined which independent variables (cumulative grade point average, 

field of study, internship/co-op experience, and college choice) were statistically signifi-

cant predictors of graduation efficacy. Overall, Table 2 shows the predictor variable 
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(cumulative grade point average) correlates strongly with the DV of graduation efficacy 

and that the correlation is unlikely to occur by chance (R = .39, R² = .15, F(1, 28) = 4.97, 

p = .034. Independent variables (field of study, internship/co-op experience, college 

choice) were not statistically significant predictors of graduation efficacy and were ex-

cluded from the model. However, correlations existed between IV’s cumulative grade point 

average and field of study (p = .03), cumulative grade point average and internship/co-op 

experience p = .02), field of study and internship/co-op experience (p < .001), field of 

study and college choice (p = .01), and internship/co-op experience and college choice (p 

= .02) as shown in Table 3.  

Table 1 Descriptive Statistics of Continuous Variables (pilot study) 

Variable n Mean SD 

Graduation Efficacy  30 2.55 0.841 
Cumulative Grade Point Aver-
age  

30 1.67 0.711 

Internship/Co-op Experience  30 4.07 1.57 
 

Table 2 Frequencies for Categorical Variable (pilot study) 

A-Frequencies for Categorical Variable-College Choice 

Category n % 
HBCU 18 60% 
CGPA 12 40% 

B-Frequencies for Categorical Variable-Field of Study 
Category n % 

Engineering 8 26.7% 
Architecture 7 23.3% 

Business 5 16.7% 
Undecided 10 33.3% 
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Table 3 Means, Standard Deviations, and Correlations of Study Variables (pilot study) 

Variable M SD 1. 2. 3. 4. 5. 

Graduation Efficacy 2.55 0.84 -     

Cumulative Grade 

Point 

1.67 0.77 .02* -    

Internship/Co-op 

Experience 

4.07 1.57 .40 .02* .001*** -  

Note. *p < .05, **p < .01, ***p < .001 
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Implementation of the Full Study Survey 

The instrument was submitted to the university’s Institutional Review Board (IRB) for 

expedited approval, given that the potential risk for participants was minimal. Appendices to 

the proposal included copies of the investigator’s and advisor’s Collaborative Institutional 

Training Initiative (CITI) certificates; a copy of the survey as would be seen by participants on 

a computer screen, phone, or other mobile device; a copy of sample language soliciting par-

ticipation; and representative permission and confirmation of interest from construction 

firms whose employees were potential participants. The IRB approved the proposal in No-

vember 2021 (see Appendix B for the approved IRB Protocol 21-553). 

The 71-question survey was administered from December 2021 until May 2024 

through the Qualtrics platform (see Appendix C for the survey instrument). Long data collec-

tion periods tend to increase potential internal validity threats, including historical effects, 

maturation, instrument decay, testing effects, attrition, selection bias, and regression to the 

mean; however, the subject matter, population, and the use of an existing standardized 

exam as a dependent variable minimized potential internal validity threats by ensuring uni-

form administration and scoring, thereby reducing instrumentation and testing threats. The 

study population consisted of students who shared the same academic discipline and simi-

lar academic progression, which reduced variation associated with maturation effects. The 

exam maintained its assessment of the same subject matter throughout the research dura-

tion, which decreased the likelihood that historical events would impact how participants 

performed. 

The adapted Construction Training Attitudes and Intentions Scale (CTAIS), a construc-

tion education domain-specific survey instrument with established reliability and validity, 

was used to assess psychological constructs useful in understanding and predicting human 
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behavior that influences completion and success among construction education partici-

pants. Additional questions were included to establish study variables. Research planning 

meetings with the American Council for Construction Education (ACCE) suggested that solici-

tation would be better received through the American Institute of Constructors (AIC) rather 

than directly from the investigator. The AIC was provided with prescriptive language to use in 

email correspondence with the target pool of construction management students or recent 

graduates (within five years) who have completed the AIC AC Level I Exam. The correspond-

ence clearly articulated the study's purpose, that participation was voluntary, that responses 

would be anonymous, and that there was no compensation for participation. In addition to 

the Qualtrics survey link, a copy of the approved IRB protocol and the assigned study num-

ber were included. Reminder correspondence was also sent within two to three months of 

the original solicitation. 

Participants could access the survey using any device with an internet connection, 

whether fixed or portable. The survey format required participants to answer each question 

before progressing to the next, minimizing the number of incomplete responses. On average, 

each participant spent approximately 10 to 15 minutes completing the survey. The instru-

ment was approved to secure and use data for research purposes by the university’s Office 

of Research Compliance and adhered to the Family Educational Rights and Privacy Act 

(FERPA) (20 U.S.C. § 1232g; 34 CFR Part 99) to protect the privacy of student education rec-

ords. The survey access was closed in May 2024, allowing data analysis to commence. 

Data Analysis 

After the survey access window was closed, data were exported from Qualtrics into 

Excel, and IP addresses and location data were deleted. The statistical software package 

used to analyze the data was the Statistical Package for the Social Sciences (SPSS) 
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Statistics 29. A research question matrix (see Appendix D) was created to systematically or-

ganize and visually illustrate the interconnections among the research questions and to 

identify potential research design risks. The dataset was initially screened for missing data 

and multivariate outliers. Cronbach’s alpha coefficient was used to report reliability statis-

tics. Cronbach’s alpha for the CESE scale was .93, exceeding the .70 criterion. The descrip-

tive statistics for all variables were summarized and presented in Table 4. 

Research Question 1: “Can a two-predictor model combining grade point average 

(GPA) midpoint and construction education self-efficacy (CESE) predict pass/fail status on 

the AIC Level I Exam?” 

Binary logistic regression (forced entry) was used to examine whether academic per-

formance and self-efficacy predict success on the Level I Exam. Model fit was evaluated us-

ing ROC analysis. A probability cut-off was established to evaluate classification perfor-

mance, including failure rate and precision rate (Table 7). Additional variables derived from 

the survey instrument were considered for inclusion in the analysis. Student Learning Out-

comes (SLO_mean) was computed as a composite mean score of Likert-type items as-

sessing perceived learning and skill development. Experience (exp_total) was calculated as 

an aggregate measure of students’ internship and co-op exposure, with higher values indi-

cating greater applied experience. Candidate variables such as SLO_mean, exp_total, and 

demographic factors were screened but excluded to satisfy the 10-EPV rule and because 

their zero-order correlations with pass/fail were trivial. Reference category coding (“dummy 

coding”) was used to represent categorical variables derived from the instrument responses. 

A model summary (Table 6) was presented to report relationships between independent var-

iables and the dependent variable and whether those relationships were likely to occur by 

chance. (Table 5) presents correlations among measured scales. 
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Research Question 2: “Are construction education self-efficacy (CESE) scores differ-

ent for students who pass the Level I Exam compared with those who do not pass?” 

An independent-samples t-test with a 1,000-sample bootstrap was utilized to com-

pare CESE means for students who pass and those who do not pass. 

Research Question 3: “Do direct assessment outcomes (SLO_mean) and applied ex-

perience totals (exp_total) differ across GPA categories?” 

A Welch one-way ANOVA was used to examine differences in SLO_mean and exp_to-

tal across five GPA bands (Table 7). This approach was selected due to unequal group sizes 

and the potential violation of the homogeneity of variance assumption, making it more ro-

bust than the traditional one-way ANOVA. 

Summary 

Chapter 3 detailed the research methods used in a study on construction education 

among undergraduate students. The study used a predictive design centered on binary lo-

gistic regression (GPA + CESE) and complementary Welch ANOVAs for GPA-band compari-

sons. The adapted Construction Training Attitudes and Intentions Scale (CTAIS) was used to 

measure self-efficacy, motivation, and planned behavior. A pilot study was conducted to re-

fine the instrument. The complete survey was administered electronically to a targeted pop-

ulation of construction education students. The instrument demonstrated strong internal 

consistency (α_CESE = .93). The study aimed to identify Level I Exam achievement predic-

tors, including academic performance, direct-assessment student learning outcomes, and 

applied experience totals, and to determine differences in psychometric measures across 

student performance levels. 
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Chapter 4 

Findings 

The study's findings and the associated data for each research question are pre-

sented in Chapter 4. Descriptive statistics based on the responses to the Qualtrics web 

based survey, demographic data, and analyses of binary logistic regression for the predictive 

model and ANOVA/Welch-ANOVA for the GPA-band comparisons were developed using the 

Statistical Package for the Social Sciences (SPSS©). 

Purpose of the Study 

This study empirically investigated whether a parsimonious two-predictor model, 

grade point average (GPA) midpoint, and construction education self-efficacy (CESE) could 

predict pass/fail status on the AIC Level I Exam. In addition, the research examined how di-

rect-assessment learning outcomes (SLOs) and total applied experience varied across GPA 

bands. 

Research Questions 

The following research questions guided this study: 

1. Do grade point average (GPA) and construction education self-efficacy (CESE) sig-

nificantly predict pass/fail outcomes on the American Institute of Constructors 

Level I examination? 

2. Do students who pass the American Institute of Constructors Level I examination 

differ in construction education self-efficacy (CESE) from those who do not pass? 

3. Do direct assessment outcomes (SLO_mean) and applied experience totals 

(exp_total) differ significantly across GPA categories? 
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Data Collection and Overall Information 

Potential participants were contacted via email through the American Institute of 

Constructors (AIC) and invited to participate. The solicitation emphasized that participation 

was voluntary and included a copy of the university’s Institutional Review Board (IRB) ap-

proval. The survey was administered via Qualtrics, and data was analyzed using SPSS. Once 

in SPSS, IP addresses and location data were deleted in accordance with the IRB-approved 

protocol. Any incomplete or otherwise non-responsive survey results were removed. Data 

was then collated and prepared for analysis. 

Descriptive Statistics 

Descriptive statistics were computed for the primary study variables (Table 4). The 

exam pass rate was relatively high, with 45 students (81.8%) classified as passing and 10 

students (18.2%) classified as failing (N = 55). The mean GPA midpoint was 3.31 (SD = 

0.47). Student learning outcomes (SLO_mean) were measured using composite scores de-

rived from direct-assessment items. Students’ average SLO score was 1.82 (SD = 0.77), 

with lower values indicating stronger agreement and higher perceived performance. The av-

erage applied experience score (exp_total) was 12.91 (SD = 3.75). Construction education 

self-efficacy (cese_mean) had a mean of 1.35 (SD = 0.56), indicating high levels of per-

ceived self-efficacy. The dependent variable, pass_exam, was derived from students' self-

reported AIC Level I Exam score ranges and dichotomized into pass (1) and fail (0). 
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Table 4 Descriptive Statistics 

Variable N Minimum Maximum Mean Std. Deviation 

cese_mean 55 1.00 4.86 1.3506 .55911 
SLO_mean 55 1.00 4.83 1.8212 .77121 
exp_total 55 9.00 27.00 12.9091 3.75289 
gpa_num 55 1.75 3.85 3.3064 .46895 

Valid N (listwise) 55     
 

 

Correlation Analysis 

Zero-order correlations among study variables are presented in Table 5. Exam 

pass/fail status was not significantly correlated with GPA midpoint (r = .230, p = .092), con-

struction education self-efficacy (CESE; r = .007, p = .962), student learning outcomes 

(SLO_mean; r = –.049, p = .725), or applied experience totals (exp_total; r = –.176, p = 

.198). Although GPA midpoint demonstrated a positive association with pass/fail status, the 

relationship was not statistically significant. GPA midpoint and CESE were retained in the lo-

gistic regression model based on theoretical relevance and prior research. 

Table 5 Correlations 

 pass_exam cese_mean SLO_mean exp_total gpa_num 

pass_exam Pearson Correlation 1 .007 -.049 -.176 .230 

Sig. (2-tailed)  .962 .725 .198 .092 

N 55 55 55 55 55 

cese_mean Pearson Correlation .007 1 .570** .457** .178 
Sig. (2-tailed) .962  .000 .000 .194 

N 55 55 55 55 55 

SLO_mean Pearson Correlation -.049 .570** 1 .454** .306* 

Sig. (2-tailed) .725 .000  .001 .023 
N 55 55 55 55 55 

exp_total Pearson Correlation -.176 .457** .454** 1 .009 
Sig. (2-tailed) .198 .000 .001  .946 

N 55 55 55 55 55 

gpa_num Pearson Correlation .230 .178 .306* .009 1 

Sig. (2-tailed) .092 .194 .023 .946  
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N 55 55 55 55 55 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

 

Binary Logistic Regression 

A binary logistic regression was performed with GPA midpoint and construction edu-

cation self-efficacy (CESE) as predictors of exam success (Table 6). The model demonstrated 

weak explanatory power, with Cox & Snell R² = .047 and Nagelkerke R² = .076. The Hos-

mer–Lemeshow test was not statistically significant, χ²(7) = 11.243, p = .128, indicating ac-

ceptable model fit. 

Neither predictor was statistically significant. GPA midpoint approached significance 

(B = 1.124, SE = 0.684, Wald = 2.698, p = .100, OR = 3.076), suggesting a positive but 

non-significant association with passing the exam. Construction education self-efficacy was 

not a significant predictor (B = –0.172, SE = 0.664, Wald = 0.067, p = .795, OR = 0.842). 

These findings indicate that the model does not significantly predict pass/fail outcomes. 

Table 6 Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 
Step 1a gpa_num 1.124 .684 2.698 1 .100 3.076 

cese_mean -.172 .664 .067 1 .795 .842 
Constant -1.897 2.188 .751 1 .386 .150 

a. Variable(s) entered on step 1: gpa_num, cese_mean. 

 

Classification Accuracy 

A classification analysis was conducted using a probability cutoff of 0.50 (Table 7). 

The model correctly classified 83.6% of cases overall. However, classification performance 

differed substantially across outcome groups. Among students who failed the exam, only 
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10% were correctly identified, while 90% were misclassified as passing. In contrast, 100% of 

students who passed were correctly classified. 

These results indicate that the model was highly accurate in identifying passing stu-

dents but performed poorly in identifying failing students. Given that the majority of students 

in the sample passed the exam, the model demonstrates a bias toward the majority class. 

Table 7 Classification Tablea 

 

Observed 
Predicted 

 pass_exam Percentage Cor-
rect  .00 1.00 

Step 1 pass_exam .00 1 9 10.0 
1.00 0 45 100.0 

Overall Percentage   83.6 
a. The cut value is .500 

 

ROC Curve Analysis 

A receiver operating characteristic (ROC) curve analysis was conducted to evaluate 

the model’s discrimination ability. The area under the curve (AUC) was 0.643, indicating 

weak predictive accuracy as shown in Figure 1. Although the model performs better than 

chance, its ability to distinguish between students who pass and those who fail is limited. 



78 

 

Figure 1 Receiver Operating Characteristic (ROC) Curve 

 

Independent Samples T-Test 

An independent-samples t-test was conducted to compare CESE scores between stu-

dents who passed and those who failed. Results indicated no statistically significant differ-

ence, t(53) = 0.41, p = .684. The mean difference was 0.082, with a small and non-signifi-

cant effect size (Hedges’ g = 0.14). These findings indicate that CESE does not differ be-

tween students who pass and those who fail. 

ANOVA Results 

A Welch’s ANOVA was conducted to examine differences in student learning out-

comes and applied experience across GPA bands. Welch’s ANOVA was used due to its ro-

bustness to violations of homogeneity of variance. 
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Results indicated that direct-assessment learning outcomes differed significantly 

across GPA bands, F(4, 50) = 4.90, p = .002, partial η² = .28. In contrast, applied experi-

ence totals did not differ significantly across GPA bands, F(4, 50) = 0.75, p = .562, partial η² 

= .06. 
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Chapter 5 

Summary 

A total of 100 surveys were distributed to eligible Construction Management majors. 

After excluding students with incomplete or unusable records due to missing values during 

data cleaning, 55 complete student records remained for analysis. A binary logistic regres-

sion was used to model the relationship between the independent variables and the de-

pendent variable (Exam Status) to predict the success of students taking the AIC Level I 

Exam. Using a binary logistic regression and Welch's ANOVA analysis, results indicated that 

Midpoint GPA was positively associated with successful completion of the AIC Level I Exam; 

however, this relationship was not statistically significant. Additionally, CESE had no statisti-

cally significant contribution to the model for predicting successful completion of the AIC 

Level I Exam. 

Approximately 82% of the sample passed the exam, while 18% failed. Student learn-

ing outcomes based on direct assessment were significantly different across GPA bands, 

whereas the total hours of applied experience were not. In terms of using this model as a 

screening tool to identify students who may need additional preparation prior to sitting for 

the exam, the model demonstrated strong performance in identifying passing outcomes but 

limited ability to correctly identify failing outcomes. Ultimately, the findings indicate that aca-

demic performance may serve as an indicator of one's ability to achieve certification; how-

ever, within this sample, it was not a statistically significant predictor. Additionally, confi-

dence in a person's ability to perform construction-related tasks, independent of their aca-

demic performance, was not a reliable predictor of one's ability to successfully complete the 

AIC Level I Exam. 
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Research Question 1 

The two-predictor model's ability to classify students was influenced by the distribu-

tion of outcomes within the sample. The model correctly classified a high percentage of 

passing students; however, it demonstrated limited ability to correctly identify failing stu-

dents. Therefore, when the model predicts that students will pass the exam, this prediction 

is generally accurate; however, the model is less effective in identifying those who may fail. 

Furthermore, the model's overall accuracy was high; however, this accuracy was 

largely influenced by the majority of students passing the exam. As such, the model's practi-

cal utility for identifying students at risk of failing the exam is limited. The data suggest that 

while a two-predictor model may provide some general insight into exam outcomes, it is not 

sufficiently robust to serve as a reliable early-alert tool for identifying at-risk students. The 

model is better suited for exploratory or program-level analysis rather than for making indi-

vidual-level decisions regarding exam readiness. 

As such, due to the sample size (n = 55) and the uneven number of students passing 

versus failing the exam (approximately 82 percent of students passed), the results of the 

model should be interpreted as a program-level exploratory method rather than a predictive 

screening tool. 

Research Question 2 

The data show that there were no differences between students who passed the AIC 

Level I Exam and those who did not on their construction education self-efficacy (CESE). The 

independent samples t-test resulted in a small, non-significant difference, and the relation-

ship between the pass/fail outcome and CESE was nearly nonexistent. Therefore, in a practi-

cal sense, CESE did not independently help to predict whether or not an individual would 

pass/fail within this sample set. 
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That being said, one should not interpret the lack of statistical significance for CESE 

as indicative that self-efficacy is not important for construction education. “CESE demon-

strated no meaningful relationship with exam outcomes. These findings suggest that neither 

academic performance nor self-efficacy significantly predicted exam outcomes within this 

sample. These findings are consistent with Bandura’s (1977) assertion that individuals with 

higher self-efficacy are more likely to engage in challenging tasks and persist despite diffi-

culty. 

Research Question 3 

Welch's ANOVA test results indicated a statistically significant difference in SLO aver-

age scores among GPA groups (bands), along with a relatively large effect size for this differ-

ence. Therefore, Welch's ANOVA results support the idea that GPA categories represent 

meaningful differences in direct assessment of learning outcomes. The results also confirm 

that students who have been assigned to higher GPA bands have demonstrated stronger 

performance on SLO assessments than their lower GPA counterparts and thus further rein-

force the position that academic readiness is an important indicator of competency achieve-

ment. 

In contrast, the total number of hours of applied experience were not significantly dif-

ferent among GPA bands. As such, these findings suggest that the total hours of applied ex-

perience collected by this study are not highly related to GPA classification. Additionally, 

there was no significant relationship found between GPA (as a continuous measure) and ei-

ther SLO averages or total hours of applied experience. These findings indicate that while 

GPA banding and correlations between GPA and student performance provide two poten-

tially different ways of viewing student performance patterns. 
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Conclusions 

This study examined whether grade point average (GPA) and construction education 

self-efficacy (CESE) significantly predict pass/fail outcomes on the American Institute of Con-

structors (AIC) Level I examination. Using binary logistic regression, the results indicated that 

the model including GPA and CESE was not statistically significant, indicating that these vari-

ables did not meaningfully contribute to predicting student success on the AIC Level I Exam 

within this sample. These findings suggest that both academic performance and self-efficacy 

are relevant components in understanding student success in the construction domain. The 

results align with existing literature indicating that prior academic achievement is a con-

sistent predictor of performance, while also reinforcing the importance of psychological con-

structs such as self-efficacy in influencing student outcomes. Although the model explains a 

modest proportion of the variance, it provides a practical and interpretable framework for 

identifying students who may be at risk of not passing the AIC Level I Exam. 

In my role as Associate Professor and Department Head of the Construction Science 

and Management Program at Tuskegee University, the AIC CAC Exam is being used to as-

sess the eligible Student Learning Outcomes (SLOs) and to equip graduating seniors with a 

professional certification that may enhance their career opportunities. In previous years, 

pass rates for the Level I Exam have been low, highlighting the need for improved prepara-

tion strategies and stronger alignment between curriculum delivery and exam expectations. 

While individual student outcomes may vary based on prior experience and external respon-

sibilities, this study provides insight into factors that may contribute to student success. 

Beginning in Spring 2026, students enrolled in CSMT 0432 are required to take the 

AIC CAC exam. Per the CSMT 0432 syllabus, passing the AIC Level I Exam (with a minimum 

passing score of 70% or higher per AIC) will result in full credit of 20% of the overall grade; 
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any grade below a passing score will be used as received (in percentage grade) for the AIC 

20% of the overall course grade. In addition, the exam fees will be refunded to students who 

pass the AIC CAC Exam. These actions are intended to provide students with a sense of 

“skin in the game” and to promote engagement consistent with construction education moti-

vation (CEM) and construction education planned behavior (CEPB) constructs. 

To prepare for the exam, students selected one of ten AIC CAC Exam study guide top-

ics to review and discuss in class. Each student also introduced a Kahoot game as an inter-

active quiz for their chapter review, thereby supporting active learning and potentially 

strengthening construction education self-efficacy (CESE). These instructional strategies are 

aligned with the study findings, which highlight the importance of both academic prepared-

ness and self-efficacy in predicting exam success. 

Overall, this study provides insight that can inform instructional strategies aimed at 

improving student performance on the AIC CAC Exam. By integrating structured academic 

preparation with strategies that support student confidence and engagement, construction 

programs may better position students for success on professional certification exams. AIC 

CAC Exam data from the Spring 2026 class and subsequent Tuskegee University Construc-

tion Science and Management Program graduates may contribute to future research on pre-

dicting student achievement in the construction domain. 

Limitations  

Several limitations should be considered when interpreting the findings of this study. 

First, the outcome variable was imbalanced, with a substantially larger proportion of stu-

dents classified as passing the AIC Level I Exam. This imbalance influenced the classifica-

tion performance of the model, as it was more accurate in identifying passing students than 

failing students, thereby limiting its usefulness for identifying at-risk students. 
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Second, the predictive performance of the model was limited. Neither GPA midpoint 

nor construction education self-efficacy (CESE) was statistically significant in predicting 

pass/fail outcomes. In addition, the model demonstrated low explanatory power and weak 

discrimination ability, indicating that it captures only a small portion of the variability in exam 

outcomes. 

Third, the relatively small number of failure cases in the sample limited the statistical 

power of the logistic regression model and reduced the ability to detect significant relation-

ships between predictors and exam outcomes. 

Fourth, GPA was collected as categorical bands and converted into midpoint values 

for analysis. While this approach allowed for continuous modeling, it introduces approxima-

tion and may reduce the precision of the GPA variable. 

Finally, exam performance was based on self-reported score ranges rather than offi-

cial exam records, which may introduce reporting bias. 

Implications and Recommendations 

The findings of this study have substantial implications for institutions committed to 

educational equity and the success of first generation and underrepresented students in 

construction related fields. HBCUs may particularly benefit from expanding the types of vari-

ables collected in future studies, as such institutions tend to foster close knit academic envi-

ronments and faculty student relationships that may not be fully captured by conventional 

academic metrics alone. Including indicators such as mentorship engagement, perceptions 

of campus climate, or involvement in culturally relevant learning communities could en-

hance the model’s predictive power in this context. Because many HBCUs have limited en-

rollment in specialized majors such as Construction Management, interdisciplinary collabo-

rations could be beneficial. Pooling data across several HBCUs (ideally with ACCE accredited 
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programs) would help meet sample size thresholds needed for valid regression or SEM anal-

ysis. This collaborative approach could also support benchmarking efforts across similar in-

stitutions. Another vital focus for HBCUs is identifying predictors of persistence. Since HBCU 

students are statistically more likely to be Pell eligible, first generation, or managing off cam-

pus employment (Njoku et al., 2024; Council of Economic Advisers, 2024), capturing differ-

ent nuances is key for designing tailored support services. Tracking GPA recovery following 

academic probation, retention rates after internship involvement, or the long-term effects of 

financial aid interruptions can yield a deeper understanding of enduring student achieve-

ment. Furthermore, other pertinent variables should include experiential learning and com-

munity engagement; for instance, student participation in community-based initiatives, 

alumni mentorship programs, or involvement in minority contractor associations could serve 

as potential indicators of post-graduation success.  

Recommendations 

 Based on the results of the current study, construction education programs may wish 

to use the GPA midpoint as a gauge of when students will be prepared to take their exams 

and as an early screen for academic success within the first semester of their program. Pro-

grams that do this will be able to allocate targeted support to students who appear to be 

struggling (e.g., tutoring, study plans, prep workshops) and assess how well these support 

systems align with the program's SLOs. The significant differences in SLO performance 

across GPA bands suggest that it is valuable to examine assessment data collected based 

on program outcomes and identify which subject matter areas need additional support to 

prepare students to perform adequately on the exam. 

While many construction management (CM) programs use the AIC Level I Exam as a 

direct assessment tool, several factors, primarily related to validity and cognitive alignment, 



87 

may prompt other programs to seek alternative methods to measure Student Learning Out-

comes (SLOs). Some programs elect to use their own assessment exam, whereas others 

may use an in-house comprehensive exam in combination with the AIC Level I Exam. It is 

worth noting that ACCE accredited CM programs have diverse missions; therefore, a pro-

gram focused on developing students' confidence and self perception alongside technical 

knowledge may regard the AIC Level I Exam as an inadequate measure of that holistic devel-

opment. Nevertheless, the correlation between the construction education domain specific 

psychological constructs identified in the CTAIS and student achievement, whether meas-

ured by grade point average, the AIC Level I Exam, or a program-specific comprehensive 

exam, can help construction education programs better plan and develop effective curricula 

for future construction industry professionals.  

Since initiating this study, changes have been made to the ACCE student learning 

outcomes and the AIC Level I Exam. The ACCE Board of Trustees approved revisions to Sec-

tion 9 (Academic Quality Planning and Process and Outcome Assessment), including the 

number of Student Learning Outcomes (SLOs), at its 2022 Annual Meeting on July 14, 

2022. The purpose of reducing the 20 Student Learning Outcomes (SLOs) to 17 was to 

streamline the accreditation process by eliminating redundancies, removing obsolete re-

quirements, and clarifying the intent of the outcomes (see Appendix E). Several SLOs were 

found to overlap with others. For example, the committee proposed eliminating SLO 7 ("Ana-

lyze construction documents") because it was already integrated into SLOs 3, 4, and 5. Simi-

larly, SLO 13 ("Understand construction risk management") was recommended for deletion 

because the topic was already addressed via other SLOs, and the current wording was con-

sidered too broad to be meaningful. 
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SLO 10 ("Apply electronic based technology") was marked for deletion because elec-

tronic technology is now routinely incorporated into nearly all construction projects in the de-

veloped world, making a standalone outcome redundant. 

Some SLOs were revised rather than deleted to ensure their purpose was unmistaka-

ble. For instance, SLO 20 was updated to specifically include HVAC, plumbing, fire suppres-

sion, and low voltage systems to clarify the intent of construction principles. Feedback from 

program leaders and Visiting Team (VT) chairs indicated that the existing process involved 

excessive documentation and repetitive reporting. By combining and reducing the number of 

SLOs, the ACCE aimed to streamline the assessment cycle, making it more manageable for 

programs with limited "people power". Reducing the total number of outcomes helped ad-

dress concerns about interpretation differences among visiting teams and provided a more 

consistent framework for programs to demonstrate compliance. 

Analogous to the ACCE SLO revisions, in 2022, the American Institute of Constructors 

(AIC) moved from Associate Constructor to Certified Associate Constructor to better recog-

nize it as a national certification. AIC maintains a rigorous certification process designed to 

validate the technical proficiency and ethical standards of construction management profes-

sionals. While these credentials, such as the Certified Associate Constructor, confirm an in-

dividual's mastery of industry benchmarks, the organization clarifies that personal traits like 

leadership and passion are measured through workplace performance rather than testing.  

To ensure the examinations remain psychometrically valid and relevant, the AIC con-

ducts a comprehensive job task analysis every five years to align exam content with current 

field expectations. Recent initiatives, such as an item writing workshop held in October 

2025, focused on enhancing item quality and on using educational frameworks, such as 

Bloom’s Taxonomy, to better define cognitive requirements for candidates.  This 
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structured approach ensures that the certification serves as a credible national benchmark 

for technical excellence while distinguishing formal knowledge from interpersonal soft skills. 

By improving item bank health and transparency in reporting, the AIC continues to 

strengthen the professional standing of its certificate holders in a competitive market. 

As one of the largest, most economically impactful industries in our society, there is a 

great opportunity to continue meaningful research in the construction discipline and  related 

to the built environment in general. Research exploring how academic performance, industry 

experience, and psychological factors influence student success in construction manage-

ment programs is important. However, while higher education institutions and industry certi-

fications effectively assess technical proficiency, further research is needed on the develop-

ment of interpersonal skills and holistic professional growth. 

For future research, several directions are recommended. Researchers could collect 

the continuous exam scores (i.e., raw scores and sub-section scores) of each student's 

exam(s), so they would have enough data to develop multiple regression models that pro-

vide a more detailed picture of the relationship between the predictor variable (GPA at mid-

term) and the outcome variable (exam score). Also, researchers should strive to collect 

larger samples of data from students across more than one semester and from more than 

one institution, especially from HBCUs and ACCE accredited programs. Additionally, re-

searchers could include other potential predictors in the model (e.g., GPA trend during the 

semester, GPA trend in foundational courses, attendance/learning management system 

metrics, variables related to internships, etc.) and utilize methods of validation (e.g., cross-

validation, utilizing a different group of students to test the model) to increase the reliability 

and generalizability of the findings. 
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Appendix B  

Approved IRB Protocol - 21-553
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