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Enhancing Self-Efficacy Among Transportation Engineering Undergraduates 

using Hands-On Pedagogy 

 

Abstract 

Self-efficacy, a belief in one's potential to achieve a desired outcome, stands as a significant 

factor towards learners’ achievement in learning. Engineering education, which is often 

distinguished by its rigorous theoretical emphasis and empirical analysis, demands an innovative 

and comprehensive approach toward student development that includes not only technical 

knowledge but also instills confidence and problem-solving ability. This study investigates the 

factors moderating transportation engineering undergraduates’ self-efficacy and the impact of an 

evidence-based, experiment-focused, hands-on pedagogy. The study adopts a descriptive and 

quantitative method using the Motivated Strategy for Learning Questionnaires (MSLQ) in a pre-

post-test design. The responses of the survey were obtained from 68 learners who fully 

participated in the transportation engineering modules where experiment-centric pedagogy was 

implemented. The data were cleaned and analyzed using Statistical Package for Social Sciences 

(SPSS). Inferential analysis was conducted at a confidence level of 95%. The mean self-efficacy 

score at the baseline was 9.21±5.98 which was found to significantly increase at post-test to 

17.06±3.39. The Cohen d effect size was found to be greater than 0.8 which revealed that the 

changes were not due to chance. At baseline, the most strongly significantly correlated factor to 

mean self-efficacy score was the current academic level of the undergraduates (p<0.001) which 

was later found to be insignificantly and uncorrelated at the post-test. In conclusion, hands-on 

activities helped learners to learn engineering skills and gain real-life experience during learning 

which led to more confidence in their engineering skills. This study showed that hands-on 

pedagogy can boost engineering learners' self-efficacy which is noted to influence performance 

and retention. 

 

 Introduction 

Self-efficacy is one of the most important predictors of success and persistence for learners 

enrolled in challenging undergraduate engineering programs. Self-efficacy, defined as one's 

belief in one's ability to perform in given conditions, is an important factor in engineering 

student success and persistence. Undergraduates in transportation engineering face exceptionally 

difficult technical courses comprising sophisticated mathematics, complex physics, and applied 

civil engineering mechanics, which can weaken confidence and self-belief. According to studies, 

learners who lack confidence in their skills to understand key ideas, use analytical tools 

effectively, and apply information to real-world systems are more likely to struggle academically 

or drop out of programs before graduation [1]. As a result, developing instructional approaches 



that promote self-efficacy is crucial for transportation engineering student retention and 

workforce development. 

Self-efficacy has been found to influence learning, motivation, achievement, and self-regulation 

[2], [3]. Furthermore, in educational settings, self-efficacy is poised to influence learners' activity 

choices, effort expended, persistence, interest, and achievement [4], [5]. Learners with strong 

self-efficacy participate more readily, work harder, persist longer, show greater interest in 

learning, and succeed at higher levels than learners with low self-efficacy [3], [6]. Self-efficacy 

is defined as one's belief in one's own ability to carry out actions and achieve goals [6]. When 

faced with adversity, learners with higher engineering self-efficacy demonstrate stronger drive, 

self-confidence, and resilience than those with lower self-efficacy [1]. Self-efficacy has been 

linked to the help-seeking attitude of learners in the school achievement fields [7], [8]. A student 

who seeks assistance demonstrates knowledge of a difficulty that he or she cannot solve on his or 

her own and remedies that difficulty by requesting assistance from peers or instructors as 

necessary. A vast amount of research demonstrates that learners who seek assistance are capable 

of monitoring and assessing what they learn [9]. 

Hands-on learning pedagogies that directly engage learners in engineering methods, problems, 

and tools have grown in popularity in engineering curriculum aimed at developing critical 

thinking, technical, and collaborative skills [10]. Hands-on learning includes a wide range of 

experiential approaches such as open-ended design projects, modeling, simulation assignments, 

laboratory procedures, field activities, and capstone projects [11]. A primary purpose of hands-

on activities is to provide learners with actual experiences that allow them to apply engineering 

skills to reinforce knowledge and directly observe the outcomes of their efforts, which leads to 

deeper learning. 

In this study, a hands-on approach called, the Experiment-Centric Pedagogy (ECP) was 

implemented. This pedagogy has been found to actively engage learners by utilizing affordable, 

safe, and portable electronics in various educational settings (classrooms or laboratories). ECP 

combines problem-solving exercises and constructive learning methods with a hands-on, 

portable multifunction tool that can be used in place of larger and complex laboratory apparatus. 

This paper addresses the need to include hands-on pedagogy which is posited to enhance 

transportation engineering undergraduates' self-efficacy significantly. Over a two-year period, a 

transportation engineering program that incorporated hands-on learning with projects, 

coursework, and lab procedures, resulted in significant gains in learners' self-reported efficacy. 

The survey data, collected over a period, using validated engineering self-efficacy rating scales 

among women revealed significant improvements in all efficacy categories, including technical 

skills, confidence, problem-solving ability, teamwork, and communication [1]. The findings 

emphasize the benefits of hands-on pedagogy in increasing student self-belief and such findings 

show the potential that hands-on learning strategies may improve retention in transportation 

engineering degree programs. Additional structured procedures that promote student reflection 

and peer learning through hands-on activities may have a greater impact. Also, there is a dearth 

of evidence on the implementation of such experiential and experimental approach among 



transportation engineering learners’ as well as among historically black colleges and universities. 

Therefore, this study seeks out the elements that influence transportation engineering 

undergraduates' self-efficacy in one of the nations’ historically black colleges and universities 

and the impact of an evidence-based, experiment-focused hands-on pedagogy. 

 

Theoretical Framework 

Social Cognitive Theory 

Bandura's [6] social cognitive theory, emphasizes the importance of self-efficacy beliefs in 

human motivation and achievement. Bandura defines self-efficacy as an individual's belief in 

their ability to perform tasks, overcome problems, and achieve goals. In an educational context, 

academic self-efficacy refers to learners' conviction that they can absorb content, use information 

meaningfully, and meet academic demands [12]. 

Social cognitive theory posits that self-efficacy directly influences the learning processes and 

outcomes. This influence can be seen in their effort, tenacity, resilience, and use of self-

regulation skills when confronted with problems [4]. High academic self-efficacy leads to 

increased engagement, intrinsic motivation, and superior academic accomplishment in learners 

across various topics when compared to low academic self-efficacy. Individuals with stronger 

academic self-efficacy are also more likely to face difficult activities, put out effort to satisfy 

expectations, and build robust self-regulation skills [13]. 

According to Bandura's social cognitive theory, self-efficacy beliefs play a critical role in human 

motivation, effort, and eventual achievement. Mastery experiences, vicarious experiences, verbal 

persuasion, and physiological and affective states are all ways for learners to create their self-

efficacy beliefs [14]. Mastery experiences of successfully solving issues are regarded the most 

effective source for establishing self-efficacy among the four sources because they help learners 

develop cognitive foundations for evaluating the level of effort required for success. Learners 

with high self-efficacy are more likely to continue in pursuing intrinsic objectives and to tackle 

difficult tasks.  

Engineering learners' self-efficacy, according to research, is a predictor of their outcome 

expectancies, interests, and goals [15]. Self-efficacy is a result of effective learning experiences, 

not simply a path to success. According to a study [16], high-achieving college learners had a 

greater self-efficacy score than low-achieving learners. According to the theory, four factors 

influence self-efficacy beliefs: past performance, peer models, social persuasion, and 

physiological arousal. The goal of this research is to investigate the factors moderating 

transportation engineering undergraduates’ self-efficacy and the impact of an evidence-based, 

experiment-focused, hands-on pedagogy. According to social cognitive theory, this strategy 

enhances student confidence, motivation, and academic outcomes. Mastery experiences resulting 



from active skill development and overcoming obstacles provide the most significant self-

efficacy improvements. 

The theory is classified into three factors: Personal, behavior and environmental as seen in figure 

1. 

1. Personal Factors - This includes an individual's beliefs, self-efficacy, knowledge, expectations, 

objectives, and intentions. Personal factors influence how learners perceive the activities they 

engage in. Self-efficacy is an important human trait that promotes motivation and perseverance. 

2. Environmental Factors - External social and physical variables that influence behavior are 

referred to as environmental factors. Social environments include family, friends, culture, and the 

media. The physical environment includes space, technology, and resources. The environment 

can reward, penalize, model, or permit specific behaviors. Learners can connect with the 

experiment within classroom settings and laboratories. 

3. Behavioral Factors - These are the actions that learners make in response to internal cognitive 

processes and external environmental inputs. Behavioral capability is defined as having the 

knowledge and skills to perform a behavior. Learners actively engage in the experiment and 

successfully perform the activity, enhancing their mastery and fostering a greater belief in their 

competence and ability. 

 

                  

Figure 1: Social Cognitive Theory [17] 

According to social cognition theory, personal, environmental, and behavioral factors interact 

and impact each other bi-directionally, with self-efficacy influencing behaviors and performance 

outcomes influencing self-efficacy. 



Methodology 

This study was conducted at one of America's historically Black universities and colleges. This 

quantitative study adopted a pre-posttest single group design. ECP implementation was carried 

out in the Transportation Engineering department. Between 2020 and 2023, two experiments in 

the Transportation field were carried out across the semester. The two experiments are the sound 

experiment and the soil moisture experiment. The implementation took place in two courses 

which were Introduction to Transportation Systems (TRSS 301) and Highway Engineering 

(TRSS 415). These experiment helps learners to develop mastery and improve their efficacy 

through active participation, problem-solving, and the practical application of theoretical 

knowledge. By actively participating in the experiment, learners are directly involved in the 

learning process, allowing them to ask questions and collaborate with their peers. This hands-on 

experience bridges the gap between theory and practice, allowing learners to see the relevance of 

what they have learned and how to apply it in practical settings. 

The TRSS 301 is an introductory course that covers transportation system principles and 

procedures like planning, engineering, management, and logistics, as well as important issues 

like physical, economic, social, and environmental concerns. Among the subjects covered are 

passenger and freight transportation networks, intermodal connectivity, and traffic control 

operations. This transportation course covers nine modules in total. TRSS 415, a course 

consisting mostly junior and senior students, had five modules: Principles of Highway Drainage, 

Soil Properties, Earthwork Calculations, Highway Alignments, and Intersection Design. This 

course covers the fundamental principles, methodologies, and approaches of highway design. 

Table 1 provides an overview of the courses where experiment-centric pedagogy (ECP) was 

implemented, as well as the number of students in each class. 

 

Table 1: Implementation of Transportation Engineering Courses 

Semester 

(Year) 

Course 

Code 

Course Title Frequency, 

N 

Percentage, 

% 

Fall (2020) TRSS 415 Highway Engineering 13 19.1 

Fall (2021) TRSS 301 Introduction to 

Transportation Systems 

22 28.1 

Fall (2022) TRSS 415 Highway Engineering 10 14.7 

Spring 

(2023) 

TRSS 301 Introduction to 

Transportation Systems 

 23 33.8 

    Total Students 68 100.0 



 

Figure 2 summarized the well-developed module structure where ECP is implemented and 

divided into four sections, and which was elaborated by [19]. The module structure serves as a 

framework for developing successful and engaging learning experiences. This describes a four-

step procedure for developing an educational module. The instructor introduces the experiment 

and determines the learners' prior knowledge of the experiment using a set of questions known as 

the signature assignment, which is often administered before and after the experiment is 

implemented. The experiment's outcomes are then discussed and illustrated. Learners are also 

actively participating in the activity. Finally, the instructor asks the same sets of questions to 

assess how well students comprehend the experiment. 

 

 

Figure 2: ECP Design Template [19] 

 

 

 

 

                               

ECP Module Instructional Design Template 
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e.    Differentiated Instruction 

f.     Alternate Plans 

 

Reflection 



Experiment Conducted: 

Sound Experiment  

This experiment was conducted in TRSS 301. Learners used an analog device and mobile apps 

throughout the lab session. Prior to the start of the experiment, instructors exposed the learners to 

basic sound concepts such as frequency, amplitude, decibels, wavelength, etc., so that they could 

understand the experiment. Learners were expected to measure 60 data points of different decibel 

levels of various sounds, including internal sounds such as a radio, mixer, and vacuum. 

Lawnmower, lawn blower. and drilling noises are examples of external sounds. Local streets, 

highways, and parking lots all have traffic sounds. The recording period was for 60 seconds (1 

minute) and the app automatically displays the minimum, maximum, and average values, as well 

as frequency and peak frequency. Learners worked in groups during the activity. The 

experiment's objective is to teach learners about sound and hearing by using a decibel meter to 

compare noise levels in various situations and locales. Learners gain a better understanding of 

noise and how to plan and develop transportation infrastructure that will reduce noise pollution 

because of this activity. Learners were instructed to assess the outcomes of their data by 

comparing several variables such as time of day, frequency, and different decibel values in their 

report at the end of the experiment. Figure 3 shows the hands-on device used. 

                                                                                     
Figure 3: (a) Apple (iPhone) Apps   (b) Android Apps     (C) Analog Sound Sensor and ADALM 

1000 

Soil Moisture Experiment  

This included the use of soil samples, a soil moisture sensor, an Arduino Uno, and a data 

streamer installed on Microsoft Excel. Learners were able to conduct the experiment using this 

hands-on device. The instructor explained the investigations' background concepts to them. The 

samples were prepared at various moisture levels and given to the learners to use in the 

experiment. Using a data streamer, they were able to read moisture content readings in real-time. 

Prior to testing, Arduino code had been integrated to allow for simple conversion from electrical 

to digital phase. In other tests, the Arduino has produced consistent results for various data 

gathering and streaming tasks [21]. At the end of the experiment, the learners were able to 

analyze, understand, and draw conclusions based on scientific evidence. As part of the outcome, 

this will allow learners to monitor soil moisture levels, ensuring the stability and lifespan of the 

road system. The experiment was conducted in TRSS 415 which provides insight into soil 

compaction properties under various moisture conditions, which is critical for developing road 

and pavement systems. The learners for this course did not participate in TRSS 301 where the 

sound experiment was conducted. Figure 4 shows the soil moisture experiment set-up. 



 

 Figure 4: Soil Moisture Experiment Set-up 

Throughout these experiments, learners encountered various challenges, including issues like 

incorrectly connecting jumper wires to the Arduino and misinterpreting values on the decibel 

apps. Despite these challenges, learners remained actively engaged in participating in the hands-

on experiments. 

 

Data Collection 

This study adopted the validated Motivated Strategies Learning Questionnaires (MSLQ) [18] 

was used. The questionnaires were given to 68 learners who participated both before and after 

the experiment. The survey questions were presented on the day of the experiment. The MSLQ 

was administered to learners to evaluate the efficacy of ECP implementation in Transportation 

discipline. This questionnaire measures core motivation and learning variables such as intrinsic 

goal orientation (IGO), extrinsic goal orientation (EGO), task value (TV), expectancy component 

(EC), peer learning and cooperation (PLC), metacognition (MC), and test anxiety (TA) using a 

7-point Likert-type scale. For this present study, and in determining the self-efficacy of learners, 

the EC construct was used. This subscale includes a 3-item7-point Likert scale: I believe I will 

receive an excellent grade in this class, I’m confident I can do an excellent job on the assignment 

and tests in this course, I expect to do well in this class. The learners' responses were collected, 

cleaned, and analyzed using the Statistical Package for the Social Sciences (SPSS). 

 

 

 



Data Analysis 

Descriptive statistics was conducted using box-and-whiskers plots, frequency, and simple 

percentages, mean and standard deviation. The normality test showed that the data was normally 

distributed and hence, a parametric inferential statistical analysis was adopted. To determine the 

significance of the constructs for pre and post-test data, an inferential analysis using SPSS was 

performed and the confidence level set at 95.0%. Also, analysis was conducted on correlation of 

self-efficacy of learners by considering factors such as gender, grade point average (GPA) and 

class level. Ratings of the Expectancy Component among self-efficacy learners were analyzed 

for the objective of this study. The rating of the self-efficacy scores was done by utilizing the 

university academic performance rating. The minimum self-efficacy scores that can be obtained 

was 3 and the maximum was 21. The categorization was done using 3-12 as the low level of self-

efficacy, 13-17 as the moderate level of self-efficacy and >17 was categorized as high level of 

self-efficacy. This categorization was conducted to capture distinct variations in self-efficacy 

levels, easier ways to understand and compare across different levels. Also, analyzing the effect 

of hands-on pedagogy on the self-efficacy of learners, a paired sample t-test and effect was 

conducted. The effect size of a paired sample t-test was calculated by dividing the mean 

difference by the standard deviation of the difference as shown below: 

                                                   Cohen’s d = 
𝑀𝑒𝑎𝑛𝐷

𝑆𝐷𝐷
  

Where D, is the difference of the paired samples. 

Results  

The number of learners who participated in this study was 68. Table 2 showed that among the 

racial groups, 89.7% of the learners were mostly Black or African American, indicating that the 

study was indeed carried out at a Historically Black College and University (HBCU). 

Table 2: Learners’ Racial Distribution 

Race Frequency (N=68) Percentage (%) 

American Indian 1 1.47 

Asian or pacific Islander 1 1.47 

Black or African American 61 89.7 

Hispanic or Latino 3 4.41 

White or Caucasian 1 1.47 

Prefer not to say 1 1.47 

 



Figure 5a displays the distribution of learners across four academic levels: freshman, sophomore, 

junior, and senior, which make up 16%, 24%, 26%, and 33.8% of the total, respectively. Figure 

1b displays the gender distribution of learners in the transportation engineering class, revealing a 

higher proportion of males (73%) compared to females. Figure 5c displays the distribution of 

students' GPAs. Specifically, 34% of students have a GPA between 3.1 and 3.5, 29% have a 

GPA between 2.6 and 3.0, 18% have a GPA between 2.1 and 2.5, and 3% of students have a 

GPA below 2.0. 

 

(a) 

 

(b) 

 

(c) 

Figure 5: Profile of Learners 

Distribution Self-Efficacy Item Scores Among Learners 

The figure below shows the scales assigned for each question in the EC. EC1 shows 35.3% of 

learners believe they will receive an excellent grade in this class before the experiment while 

33.8% of learners will receive an excellent grade in this class after the commencement of the 

16%

24%

26%

33.8%

Class Level

Freshman Sophomore Junior Senior

25%

73%

2%Gender

Female Male Non-Binary

16%

34%29%

18%

3%
GPA

3.6 - 4.0 3.1 - 3.5
2.6 - 3.0 2.1 - 2.5
2.0 or below



experiment.  In EC 2, 39.7% of learners are confident that they can do an excellent job on the 

assignment and tests before and after the experiment. However, in EC 3, 48.5% of Learners 

before the experiment expect to do well in this class while 39.7% of learners expect to do well in 

this class after the implementation of the experiment.  

"I believe I will receive an excellent grade in this class": This phrase expresses a strong belief 

and assurance in attaining a high grade, implying that the person is positive about their 

performance and anticipates excelling academically.  

"I'm confident I can do an excellent job on the assignment and tests in this course": In this 

statement, the learner demonstrates a strong belief in their competence to excel in completing 

assignments and exams during the duration of the course. This level of confidence indicates a 

strong belief in one's own abilities, expertise, and readiness to fulfill the demands and 

anticipations of the course. 

 

"I expect to do well in this class": This phrase affirms a confident and optimistic belief in 

achieving success in the class. Having an expectation of performing well indicates a mental 

attitude focused on attaining favorable results and sustaining a superior level of performance 

throughout the duration of the course. 

 

 

 

 

 

 

 



 

 

 

Figure 6: Self Efficacy of Learners were EC1- I believe I will receive an excellent grade in this 

class; EC2 - I’m confident I can do an excellent job on the assignment and tests in this course; 

EC3- I expect to do well in this class.  



Distribution of Overall Self-Efficacy scores among Learners 

The box and whisker plot presented in figure 7 shows the mean, interquartile ranges and the 

median score of the learners in this current study. Clearly, there was an 83.3% increase in the 

mean score of the learner indicating the improvement in their average level of overall self-

efficacy. Noteworthy, the lowest score as shown in the box and whisker plot was about 10 out of 

a total of 21 at post-test and when compared with the least score at pre-test (3) also revealed that 

there was over 100% increase in each respondent’s self-efficacy of the learners from the 

baseline.  

                   

Figure 7: Box and Whisker Plots of Overall Self-Efficacy Scores Among the Learners 

Level of Self-efficacy of Learners 

The distribution of the levels of the self-efficacy of learners in the course is presented in Figure 

8. At the baseline, there were 67.6% of learners who had a low self-efficacy which reduced at 

post-test to 14.7%. The result further revealed that about 17.6% of learners with a good level of 

self-efficacy increased to 33.8%. In addition, there was an increase from 14.7% to 51.5% of 

learners with high self-efficacy post-implementation of the experiment centric pedagogy.  

 



              

Figure 8: Summary of Self-Efficacy Levels Among Learners  

Table 3 reveals the statistics of gender and the self-efficacy scores using the frequency, mean and 

standard deviation. This showed that prior to the commencement of the experiment, the 

expectancy component mean score of females (5.8) was lower than the male (10.4). However, 

after the implementation of the experiment there was a significant expectancy component mean 

score among the genders; male (16.56) and female (18.7). Also, a significant difference is shown 

between the expectancy component before the experiment (ECPre) and the gender. This further 

explains that the female gender believed more in their ability after the implementation of the 

experiment. 

 

Table 3: Gender Statistics of Self-Efficacy Among Learners  

   Gender  N  Mean  Std. Deviation  

ECPost  Female  17  18.70  2.73  

Male  50  16.56  3.46  

ECPre  Female  17  5.82  4.98  

Male  50  10.42  5.93  

 

Table 4 shows the correlation result of self-efficacy among learners across factors of GPA, 

gender, and their class level before and after the implementation of the experiment.  



Table 4: Correlation Between Self-Efficacy Among Learners  

  Current 

GPA 

Gender  Class 

level  

ECPre  ECPost  

Current 

GPA 

Pearson 

Correlatio

n  

1  

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

Sig. (2-

tailed)  

N  68  

Gender  Pearson 

Correlatio

n  

.251*  1  

   

Sig. (2-

tailed)  

.039  

N  68  68  

Class 

level  

Pearson 

Correlatio

n  

.280*  .311**  1  

   

Sig. (2-

tailed)  

.021  .010  

N  68  68  68  

ECPre  Pearson 

Correlatio

n  

-.005  .294*  .496**  1  

   

Sig. (2-

tailed)  

.969  .015  .000  

N  68  68  68  68  

ECPost  Pearson 

Correlatio

n  

-.122  -.296*  -.073  -.264*  1  

   

Sig. (2-

tailed)  

.322  .014  .554  .030  

N  68  68  68  68  68  

*. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  



Before implementation, a significant correlation between the expectancy component and the 

class level was detected. Additionally, when comparing other factors such as GPA and class 

level, no correlation was observed. Nonetheless, the purpose of this comparison was to ascertain 

whether learners' GPA influenced their self-efficacy levels before and after the experiment at 

different class levels. The table shows that there are statistically significant correlations between 

some of the variables, such as Class level and Gender (=0.311), ECPre and Class level (=0.496), 

and ECPost and ECPre ( -0.264), indicating positive and negative relationships between the 

variables. 

 

Self-Efficacy Paired Sample t-test and the Effect Size 

A paired sample t-test analysis was run on 68 learners’ expectancy component scores before and 

after they were taught using the experiment-centric pedagogy to see if the utilization of low-cost, 

safe, and hands-on devices can boost their self-efficacy. Learners’ mean self-efficacy scores 

before the implementation of the pedagogy was 9.21±5.99 and after the implementation was 

17.06±3.40. A statistically significant increase of 7.85±7.62, t(67) = 8.49, p < .0005 was found. 

Cohen's result showed the d value of 1.03 (with CI of 0.73 and 1.32), revealing a large effect size 

with a practical significance as seen in Table 5 and Table 6. However, the confidence interval 

before and after expectancy component reveals it is not significant. The value of Hedge’s 

correction shows a positive correlation. 

Table 5: Paired Sample T-Test 

  Mean score ± 

Std Deviation  

Mean 

Difference  

Standard 

Deviation  

t-test  df  Sig  

ECPost   17.06±3.40  7.85  7.62  8.49  67  <0.001  

ECPre  9.21±5.99  

Table 6: Expectancy Component Effect Size (Paired Samples Effect Sizes) 

  Standardizer 

Point 

Estimate 

95% Confidence Interval 

Lower  Upper 

Pair 1 ECPost - 

ECPre 

Cohen's d 7.62413 1.030 .733  1.322 

Hedges' 

correction 

7.71082 1.018 .725  1.307 



Discussion 

The study sheds light on the traits of the student body, which was selected from a historically 

Black university. Table 1 indicates that 85% of the participants identified as Black or African 

American. This is in line with historically Black colleges and universities' (HBCUs) goal of 

giving access to underrepresented groups, even though it restricts the findings' applicability to 

the larger engineering community [20]. 

The central tenet of Bandura's self-efficacy theory is that by exhibiting personal capability, 

mastery experiences increase efficacy beliefs. The significant rise in self-efficacy scores from the 

pre-test (M=9.21) to the post-test (M=17.06) indicates that the practical experiments yielded 

valuable experiences of mastery. According to qualitative research, students' engineering self-

efficacy is increased through active learning when they can apply concepts in meaningful ways 

[21]. But without a control group, it is impossible to pinpoint changes solely to educational 

intervention. The effects of experiment-centric pedagogy could be better understood by using 

control groups. 

Given that more advanced students would have accumulated more mastery experiences, the 

positive correlation between pretest self-efficacy and class level is consistent with Bandura's 

theory [6]. The higher increase in efficacy among females is consistent with earlier studies that 

suggest practical methods could help reduce gender disparities in engineering [21]. The small 

sample size, however, calls for caution when extrapolating these subgroup results. Greater 

sample sizes would yield more solid proof of the effects on a diverse learner’s body. 

According to [22], there is a high practical significance and potential for real-world impact due 

to the very large effect size (d=1.03). However, depending solely on self-report measures has its 

limitations due to its potential for bias. The conclusion that effects are meaningful would be 

strengthened by the inclusion of objective competence measures. Long-term monitoring is also 

required to ascertain whether effects endure over time [21]. All things considered, this 

preliminary study offers a promising foundation for future research on self-efficacy and 

experiment-centric pedagogy. 

 

Conclusion 

This study demonstrates that introducing hands-on learning activities into the undergraduate 

transportation engineering curriculum can considerably increase students' engineering self-

efficacy. The experimental study design used a validated Motivated Strategy Learning 

Questionnaire survey tool to assess differences among the learners between 2020 and 2023 

semesters. Learners showed significant improvements in self-efficacy ratings post the hands-on 

activity. 

The findings support Bandura's social cognitive theory, which holds that mastery experiences 

gained via experiential learning increase self-belief in one's abilities. Active participation in 



engineering practices tends to equip transportation engineering students with confidence-

building skills and vicarious learning possibilities. Obtaining data, using hands-on tools, and 

working on complicated tasks provided students with tangible evidence of their growing skill. 

This increased their confidence in their capacity to understand concepts, use knowledge 

meaningfully, and solve problems. 

Hands-on pedagogy emerges as an effective strategy for increasing difficult students' motivation, 

resilience, and chances of completing challenging transportation engineering programs. 

Educational improvements that promote self-efficacy can increase retention. Institutions should 

offer professional development possibilities as well as incentives for professors to include self-

efficacy interventions within technical education programs. Future study can improve hands-on 

learning implementations to enhance engineering self-concept outputs. 
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