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Inquiry-Based Approach for Civil Engineering Students:  

A Case Study 

 

 
Over the past few years, the enrollment of engineering students in the United States has 

experienced a decrease
10,17

.  Approximately 60% or less of all engineering students graduate with 

an engineering degree
3,13,18

.  With a decline in both the engineering enrollment and graduation 

rate, the U.S. government, industry, and academia have become more dependent on the foreign 

engineering workforce
16

.  As a result, the National Science Foundation (NSF) has funded 

numerous projects with the goal of recruiting and retaining students in this field
10,11

.  While 

attracting students to engineering majors requires an increase in outreach and an improvement in 

the overall perception of engineers in society, retention can be enhanced by increasing 

engagement in engineering curricula
11

.  This paper describes a course curriculum improvement 

case study involving an introductory geotechnical engineering course where an inquiry-based 

approach is used.  The purpose of this study is twofold: (1) to describe how the inquiry-based 

approach is used in the classroom including student perspectives of the use of this approach; and 

(2) to examine the relationships between student performance on the final exam with student 

self-efficacy beliefs and self-regulatory behaviors. 
 

The inquiry-based pedagogy model is based on Bloom and Krathwohl’s Taxonomy and 

Bloom’s Revised Taxonomy
2
, which focuses on student-centered learning activities and 

interactive skills.  Bloom’s taxonomy is used in education as a valid benchmark to measure a 

student’s level of understanding.  It consists of six cognitive levels: knowledge, comprehension, 

application, analysis, synthesis, and evaluation.  The American Society for Civil Engineers 

(ASCE) adopted Bloom’s taxonomy as the basis for defining levels of achievement associated 

with the body of knowledge necessary for entry into the practice of civil engineering at the 

professional level
1
.  ASCE expects civil engineering students to remember previously learned 

material (Knowledge), to grasp the meaning of material (comprehension), to use learned material 

in new and concrete ways (application), to break down material into component parts so that the 

organizational structure may be understood (analysis), to put material together to form a new 

whole (synthesis), and to judge the value of material for a given purpose (evaluation)
1
.  

 

In addition to content learning, the inquiry-based pedagogy claims to develop important 

skills that include critical thinking, problem solving strategies, self-regulated learning, and 

collaborative learning in teams, the skills which are not always assessed in traditional, lecture-

based classrooms.  Some studies suggested that the inquiry-based approach is an effective 

pedagogy to help students become self-regulated learners and develop problem-solving 

skills
15,27,31

.  Other studies noted some weakness of this pedagogy.  Dahlgren and Oberg argued 

that the students generated very few solution-oriented questions (only 6% of the total number of 

questions)
9
.  The majority of the questions generated by the students happened to be 

encyclopedic (31%) and meaning-oriented (24%).  The authors maintained that making use of 

encyclopedic questions indicated surface approach learning.  This argument was echoed by 

Nuy
20

 who posit that as far as content knowledge was concerned, the traditional methods may be P
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more realistic.  They further maintained that even though the traditional approach may lack 

motivation, it taught basic science in a more coherent way.  

 

While the use of an inquiry-based approach may be controversial in engineering 

classroom, most researchers agree that this approach helps develop self-regulated learners.  Self-

regulation involves the interaction of personal, behavioral, and environmental triadic processes
4
, 

and has been defined as a process that involves “self-generated thoughts, feelings, and actions 

that are planned and cyclically adapted to the attainment of personal goals”
33

.  When used for 

student learning, the process of self-regulation “includes planning and managing time; attending 

to and concentrating on instruction; organizing, rehearsing, and coding information strategically; 

establishing a productive work environment; and using social resources effectively”
26

 .  Previous 

studies suggested that self-regulated learning behaviors facilitated students’ motivation and 

academic achievement
21,22,24,25,29,32

.  Teaching students about different cognitive and self-

regulatory strategies can improve actual performance related to classroom academic tasks
23

.  

Student performance had been shown to significantly improve after the training of SRL 

strategies
7,19

, and students trained to use these strategies became more self-regulated
28

. 

 

As part of a four semester long course curriculum improvement research grant funded by 

the National Science Foundation (NSF) Transforming Undergraduate Education in Science, 

Technology, Engineering, and Mathematics (TUES) Program, this study evaluates the first two 

semesters of data collection.  The first two semesters serve as the control group while the last 

two semesters serve as the treatment group.  Similarities and differences between the 

implementations of the inquiry-based approach in the treatment and control groups were 

discussed in a separate paper
30

.  The instructor used an inquiry-based approach to motivate 

student learning and facilitate the learning through scaffolding during problem-solving processes. 

 

Participants 

 

A total of 84 students (13 female and 71 male) in an introductory geotechnical 

engineering course at the University of North Carolina Charlotte, a large southeastern university 

in the United States, participated in this study.  Most (71%) were European American, the rest of 

them were African American (7%), Asian (4%), Hispanic (2%), and identified with other 

ethnicities or did not report this information (16%).  Of the 78 students who identified their 

levels of study in their programs, one student was a freshman, 56 were junior, and 21 were senior.  

The distribution of age was approximately normal with a mean of 22 years and a standard 

deviation of 4 years. 

 

Assessment Instruments 

 

Quantitative instruments include 1) pre and post student surveys, 2) short answer quizzes, 

3) content module tests, and 4) the final exam.  Three surveys were administered in class (pre 

and post) to measure the student’s self-efficacy related to the content of the course and their use 

of self-regulated learning strategies (described in more detail below).  A short-answer, pre-quiz 

was administered during the first class to measure the student’s content knowledge and skills 

related to the course.  A test was given at the end of each of the four geotechnical engineering 
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content modules (soil structure, seepage, effective stress and consolidation, and shear strength) 

and one final exam was given at the end of the course.  Short answer questions on the final exam 

(20% of the exam) were matched with parallel short answer questions on the pre-quiz to evaluate 

student gains in knowledge and skills across the semester.  Longer, more involved problems on 

the final exam (80% of the exam) were matched with parallel problems on the four tests to 

examine student comprehension and retention of the material.  

 

Quantitative data were analyzed with descriptive and inferential statistics (paired sample 

t-test, repeated measured multivariate analysis of variance, and multiple regressions).  Paired-

sample t-test was used to compare student gains on knowledge skills as a result of taking this 

course (pre-quiz was regarded as pretest and items on the final matching the pre-quiz were 

regarded as post-test).  Four dependent variables were computed using the mean scores on the 

achievement of the tests at the end of each module.  Tests were regarded as pre-test whereas final 

exam was regarded as post-test in repeated measures analysis of variance.  Finally, their scores 

on the final exam were treated as the dependent variable whereas their performances on each of 

the four tests were treated as independent variables in the multiple regression analysis.  Since the 

number of items varied across tests, all scores were converted to percentage out of the total 

possible score in each test.  

 

 Three surveys were given to the participants of this study at the beginning and at the end 

of each semester.  The ‘Student Self-Efficacy for Cognitive Ability’ survey is based on Bloom’s 

taxonomy, which is a multi-tiered model that measure six levels of cognitive ability including 

knowledge, comprehension, application, analysis, synthesis, and evaluation.  The reliability and 

validity of this survey has been tested in previous research
2
.  This survey includes 30 questions 

measuring students’ degree of self-efficacy to remember and understand course content as well 

as to solve, analyze, evaluate, and create a problem related to the main topics presented in the 

course.  Students were asked to rate themselves on a five-point Likert scale where “1” stands for 

“cannot do at all” and “5” stands for “certainly can do”.  A second ‘Student Self-Efficacy for 

Application of Knowledge’ survey includes 21 questions that were developed by the research 

team to measure student self-efficacy to accomplish specific tasks associated with the content in 

the course.  Students were asked to rate themselves on a five-point Likert scale where “1” stands 

for “cannot do at all” and “5” stands for “certainly can do”.  The last survey evaluated ‘Self-

Regulated Learning Strategies’.  Thirteen questions were developed according to Zimmerman’s 

social cognitive theoretical framework of self-regulation
33

 in order to measure student use of 

self-regulated learning strategies in college.  Students were asked to report the frequency that 

they used the 13 strategies described in the survey where “1” stands for “not at all” and “5” 

stands for “all the time”. 

 

Qualitative data were collected from 1) observation field notes acquired by the 

assessment expert and the internal evaluator in the classroom, 2) instructor teaching logs that 

document instructor perceived successes, failures, and challenges, and 3) student interviews 

conducted by the assessment expert.  Interviews were conducted with 27 randomly selected 

students and classroom observations were conducted at the end of each content module.  

Qualitative data from student interviews and classroom observations were analyzed using 
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thematic analysis based on grounded theory
14

.  Constant comparison method was used in coding 

so that themes can be merged and changed during the process of data coding and analyses. 

  

Description of the use of Inquiry-Based Approach in the Classroom 

 

 An inquiry-based approach was used throughout the course.  The class met two times a 

week in a lecture-style environment.  Prior to class, the professor posted her lecture notes on the 

course website with purposefully inserted blank spaces for the insertion of notes during each 

lecture.  Students print the notes and fill in the blanks while participating during the lecture (also 

known as information-gap activity).  Whole-class group activity was always used by checking 

comprehension through questioning and allowing students to ask further questions.  Pictures of 

large testing equipment (e.g. triaxial cells), manipulatives (e.g. a stack of paper to represent the 

structure of clay, foam peanuts to represent soil particles during undrained shearing), sketching 

(e.g. flow of ground water in a one and two dimensional soil medium), and additional desk-top 

models were used to facilitate the comprehension of fundamental concepts.  The professor used 

metaphors such as “Imagine the clay as a stack of paper” to help explain key concepts.  The 

professor also challenged students to think creatively by asking questions like, “What’s one way 

to do this? What’s another way to do this? Why do I have to strengthen the soil?”  At the end of 

each lecture, every student was required to complete a 5-point, short answer quiz.  Students had 

ample opportunities to explore the subject matter on their own and bring their own experiences 

or questions to the classroom sessions. 

 

Student Perspectives of the Course 

 

 Regarding the pace of instruction, most students thought that the pace was good.  One 

student said, “She does a really good job explaining everything. It’s a tough class and I mean she 

makes it tough but still it’s expected because it’s a tough course. I’ve learned a decent bit, a good 

bit”.  Even a non-native speaker of English does not think it too fast, “I don’t think it’s too fast. I 

think for me it’s fast because of the language. I need to translate everything back to my mother 

language which is much easier for me.”  One student wished that it was slowed down a bit, “un 

maybe not quite as rapid maybe slow things down a little bit because I think that like myself I 

think most of the students in there are new to geotech, and it’s totally new to everybody I mean I 

think I could be wrong but a lot of the kids I think it’s new to them so maybe slowing down a 

little bit.” 

 

 Regarding content knowledge, most students thought that the content was delivered very 

effectively.  One student commented, “Actually I’d have to say Dr. W is one of the more 

articulate teachers I have had. She is very organized. I feel like the material in progressing at a 

very logical methodical way and, ugh, I can’t say that for a lot of the other courses I am taking so 

as far as delivery.”  All students interviewed said that they could answer most of the questions in 

the class.  When asked to explain why sometimes they could not answer the instructor’s 

questions, one student responded, “there were maybe a few I didn’t know but you know I learned 

after she answered the questions or after the question was answered that I was able to understand 

it and know what she was talking about.”  Another student added, “a lot of it depends on how I 

concentrate during the class. I think if I didn’t pay attention to it then it’s going to be really 
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complicated.”  Most students (79%) thought they were well prepared for the tests.  One student 

said, “I feel pretty good …  yeah I just have to memorize like some of the equations and 

things … I guess I just feel like you don’t, you should have to memorize those questions because 

if you’re in the field you can easily look them up and do them so I can easily do the problems. 

It’s just memorizing the things all the equations that I will have to work on.” 

 

 Regarding student interest, most of the students interviewed (79%) had some difficulties 

keeping themselves focused during the class whereas four students (21%) interviewed said that 

they were highly interested in the class.  One student responded to the question by “Oh yeah 

definitely. I am very interested in all the topics that are covered in the curriculum and I’m and 

it’s definitely it’s definitely something I am interested in that that helps.”  When asked about 

why they were sometimes not focused, one student replied, “ugh just tiredness or laziness on my 

part. You know I don’t know I don’t think it’s necessarily the instructor’s job to always be 

working for our attention you know have signed up for this course I believe that it’s the students 

responsibility to pay attention in class.” 

 

Regarding classroom activities, a lot of students liked the examples in the class.  One 

student said, when I just see the lecture I don’t know how that’s going to apply to the real world, 

but when I see the example it clicks together and what’s going on in the class.”  Some students 

liked the notes, “ugh yes still she printed out notes ugh like she gave us the notes beforehand and 

then she just write down the notes during the lecture. I like that because some because some 

there are some blanks and the blanks are always the important stuff so we write it down we wrote 

it down and then we knew these are important stuff that we need to memorize or something yeah 

I like that.”  Some students were taking the lab course at the same time and found that the lab 

was extremely helpful.  

 

Some students suggested having more examples while some other students hoped to go 

over homework in the class.  One student said, “she doesn’t go over homework at all so I mean, 

she’ll, she’ll, you’ll take the homework back and she’ll grade it and if you have any questions go 

to her, but I think a lot of people don’t go to her or don’t have the time, so yeah so the homework, 

go over a few things on the homework in class.”  Some students hoped to have more visual 

experience, “yeah I mean I think that would be un helpful to actually go out and like see what 

she’s talking about in the class or if she could bring in like because obviously like we have a lab, 

but we don’t actually. That’s so like quick pace so you don’t actually get to visually see it, so 

maybe if she had an example this is like, this is soil, instead of her telling us you know sand 

structures like you know marbles in a bag if she could visually bring something in and be like 

look at this. This is how it is and all of us be able to feel it and touch it be like, ok, so it soaks in a 

little bit more I think that would be help.” 

 

Reliability and Validity of the Surveys 

 

 Student self-efficacy for cognitive ability survey was found to be reliable.  The 

Cronbach’s alpha was .99 for all items and .94, .95, .97, .96, .96, .96 for the sub constructs of 

knowledge, comprehension, application, analysis, synthesis, and evaluation, respectively.  

Student self-efficacy for application of knowledge survey was also reliable with a Cronbach’s 
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alpha value of .96.  Although the Cronbrach’s alpha value for the self-regulated learning 

strategies survey was a bit lower (.81), it is still considered reliable taking into the consideration 

that students do not always use all categories of strategies all the time.  The Pearson correlation 

coefficients between the pre-quiz results and responses to the surveys suggest that these surveys 

had concurrent validity: .27 with student self-efficacy for cognitive ability survey, .29 with 

student self-efficacy for the application of knowledge survey, and .31 with the self-regulated 

learning strategies survey.  The Pearson correlation coefficients between the final exam score 

and the responses to the surveys support the concurrent validity: .46 with the student self-

efficacy for application of knowledge survey, .38 with student self-efficacy for the cognitive 

ability survey, and .29 with the self-regulated learning strategies survey.  All these Pearson 

correlation coefficients were statistically significantly different from zero, p < .05. 

 

Student Gains in Knowledge and Skills 

 

 Descriptive statistics for the measurement of student content knowledge and skills 

throughout the course are presented in Table 1.  Students gained significantly in their knowledge 

and skills by taking this course when comparing the pretest and final exam, t(83) = 36.84, p 

< .001, Cohen’s d = 6.68.  When end of Module 1 test was compared with prequiz, t(82) = 26.73, 

p < .001, Cohen’s d = 2.93.  When end of Module 2 test was compared with prequiz, t(83) = 

37.06, p < .001, Cohen’s d = 4.04.  When end of Module 3 test was compared with prequiz, t(83) 

= 43.85, p < .001, Cohen’s d = 4.78.  When end of Module 4 test was compared with prequiz, 

t(83) = 41.85, p < .001, Cohen’s d = 4.57.  All the above Cohen’s d values suggest very large 

effect sizes
8
. 

 

Table 1. Descriptive Statistics of Student Knowledge and Skills (n = 84) 

 Prequiz FinPre PreT1 T1Pre T1Fin FinT1 PreT2 T2Pre T2Fin FinT2 

M 7.13 74.32 17.89 75.36 86.35 86.34 6.90 73.57 74.68 82.02 

SD 6.63 11.96 14.19 13.90 13.27 13.57 8.28 14.90 16.96 14.11 

 Final  PreT3 T3Pre T3Fin FinT3 PreT4 T4Pre T4Fin FinT4 

M 79.73  2.08 75.65 85.23 72.32 1.79 68.63 86.10 82.25 

SD 11.06  4.80 14.95 16.30 25.59 5.24 14.44 10.49 15.28 
Note. (a) Pre-quiz is the pre-test at the beginning of the semester, and FinPre is part of the final exam 

that matches the prequiz; (b) PreT1 is part of the prequiz that corresponds to the end of Module 1 test, 

T1Pre is part of the end of Module 1 test that corresponds to the prequiz, T1Fin is part of end of Module 

1 test that corresponds to the final exam, and FinT1 is part of the final exam that corresponds to end of 

Module 1 test; (c) PreT2 is part of the prequiz that corresponds to the end of Module 2 test, T2Pre is part 

of the end of Module 2 test that corresponds to the prequiz, T2Fin is part of end of Module 2 test that 

corresponds to the final exam, and FinT2 is part of the final exam that corresponds to end of Module 2 

test (d) PreT3 is part of the prequiz that corresponds to the end of Module 3 test, T3Pre is part of the end 

of Module 3 test that corresponds to the prequiz, T3Fin is part of end of Module 3 test that corresponds to 

the final exam, and FinT3 is part of the final exam that corresponds to end of Module 3 test; (e) PreT4 is 

part of the prequiz that corresponds to the end of Module 4 test, T4Pre is part of the end of Module 4 test 

that corresponds to the prequiz, T4Fin is part of end of Module 4 test that corresponds to the final exam, 

and FinT4 is part of the final exam that corresponds to end of Module 4 test; (f) Final is the total final 

exam score. 
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Short-Term Retention versus Long-Term Retention of Knowledge 

 

 Student performances on the final exam (long-term retention) were significantly different 

from their performances on the tests at the end of each module in general (short-term retention), 

F (4, 79) = 9.30, p < .001, η
2
= .43.  Specifically, student short-term retention was not statistically 

significantly different from their long-term retention on soil structure (Module 1), t(83) = 0.01, p 

= .99, d < 0.01; student short-term retention was worse than their long-term retention on seepage 

(Module 2), t (83) = -4.63, p < .001, d = 0.51; student short-term retention was better than their 

long-term retention on effective stress and consolidation (Module 3), t(83) = 4.88, p < .001, d = 

0.53; and student short-term retention was better than their long-term retention on shear strength 

(Module 4), t (83) = 2.97, p = .004, d = 0.32.  All the above Cohen’s d values suggest medium 

effect sizes
8
. 

 

Predictors of Student Performance on the Final Exam 

 

 Results from the multiple linear regression analysis suggested that student performance 

on tests at the end of each content module and student attendance were significant predictors of 

their performance on the final exam, but their homework scores were not statistically 

significantly related to their performance on the final test when the test scores and attendance 

had already been accounted for (Table 2).  The model explained 56% of the total variance on 

student performance on the final exam with adjustment considering the sample size.  This 

conclusion was reached by stepwise regression where only statistically significant predictors 

were retained in the final regression model.  Pairwise correlations indicated that student 

performance on the final exam was statistically and positively related to each of the following 

predictors: homework grade (r = .43); attendance (r = .34); and average score of all four module 

tests (r = .73); student self-efficacy for cognitive ability (r = .38), and student self-efficacy for 

application of knowledge (r = .46).  Student performance on the final exam, however, was not 

statistically significantly related to their self-regulated learning strategy use (r = .08);  

 

Table 2. Predictors of Student Performance on the Final Exam 

 Β t p 

Test Average .69 9.20 < .001 

Attendance .18 2.37 .02 
Note. R

2
 = .57; Adjusted R

2
 = .56; F (2, 81) = 53.48, p < .001. 

 

Concluding Remarks 

 

 As many students indicated in the interviews, the instructor made this course interesting 

and challenging through an inquiry-based approach.  The information-gap activity forced the 

students to read the textbook before class as well as pay attention to the instructor during the 

class.  The use of real-world examples helped the students make the connection between what 

they learned from the textbook and what they were expected to do in the actual civil engineering 

field.  Students had a lot of opportunity to explore the problems on their own and tried various 

methods to solve the problems.  Those students who were taking the lab course simultaneously 

found this course extremely helpful because they had more exposure to the use of the knowledge.  

P
age 23.760.8



 

 

During the second phase of this project (the treatment group), the instructor will integrate 

desktop models, three dimensional visuals, and interactive teaching techniques to increase 

student engagement and impact student comprehension and retention.  These tools will make this 

course even more captivating and informative.  Both the qualitative and quantitative data suggest 

that students learned a lot from this course and that the instructor successfully retained the 

students’ interest in the civil engineering field.  This is very encouraging as preparing future 

workforce for civil engineering is the goal of civil engineering education
1
.  

 

 Student performance on the final exam, a measure of the knowledge and skills learned 

during the course, was positively related to their attendance, homework grades, test scores, self-

efficacy beliefs for cognitive ability as well as self-efficacy beliefs for the application of 

knowledge.  These results suggest that students who are self-regulated, who keep their goals in 

mind, and know what they are doing and why they are doing it feel competent  and do their work 

at a level that would enable them to do well in the class.  This finding aligns well with empirical 

studies in cognitive science
29

.  The implications of these findings suggest the importance of 

motivation, self-regulation, and self-efficacy in student learning process.  While content 

knowledge is important, keeping students motivated, self-regulated, and efficacious would 

certainly help students reach their academic and career goals. 
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