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THE ENGINEERING CLASSROOM IS STILL RELEVANT

Abstract

Attrition in engineering is a complex issue with dynamically linked variables related to teaching
methods in the classroom, student learning behaviors, and student perceptions of difficult
material. Extensive research has been conducted in order to understand common, yet ineffective
teaching practices in engineering that result in the loss of numerous future engineers. The
objective of this study was to determine student actions necessary to achieve a desired grade in
any engineering course, regardless of course delivery method and instructor effectiveness in the
classroom. An anonymous survey was disseminated and logistic regression models were
developed in order to determine relationships between self-regulated learning behaviors and final
grades in seven freshman to senior engineering classes taught by civil engineering faculty. A
total of five prediction models were developed for each letter grade, with the failing grade “F”
serving as the baseline condition, or null model. The models found three significant variables
that affect a student’s final grade: regular class attendance, note-taking during class, and if he or
she could keep up with the instructor during lecture. These interactive learning behaviors were
all identified as critical for success, defining success as receiving an “A” in an engineering
course. The combination of students taking notes and attending class showed the highest
probability of a student receiving an “A.” Results of this study have been summarized into a
graphic that the authors show and discuss during the first class with students. This powerful
graphic shows students what they can do in classes of all levels of civil engineering to succeed in
their ever-changing learning environment.

Introduction

As the need for engineers increases, retention of undergraduate engineering students is essential®.
The Kansas legislature recently passed the University Engineering Initiative Act in an attempt to
increase the number of engineering graduates statewide, thereby increasing the number of
engineering graduates at Kansas State University (K-State) by 60% over a ten-year period. In
addition, the President’s Council of Advisors on Science and Technology (PCAST) developed a
report that calls for “one million additional college graduates with bachelor or associate degrees
in [science, technology, engineering, and mathematics] STEM fields™3. However, according to
the National Research Council, many undergraduate engineering programs fail to attract and
retain students in engineering®. Ohland et al. found that 93% of engineering students enrolled in
engineering courses after eight semesters had declared themselves engineering majors as
freshman, thus highlighting the need for retention because freshman non-engineering students
are unlikely to transfer into engineering®. Once in the college, often engineering students are not
retained because of poor grades® or a perceived inability to maintain pace with the curriculum’.
This study assessed in-class behavior of students in freshman- to senior-level civil engineering
courses and related in-class behavior predictors to final grades.

As the demand for engineering student retention increases, researchers have advocated improved
teaching practices in engineering classrooms®. Jain, Shanahan, and Roe found that deans of
engineering schools attribute ineffective teaching as the most significant reason for attrition in
engineering®. The common assumption that good researchers are inherently good instructors
continues to be disproven®!! yet most engineering professors, particularly in research
institutions such as K-State, receive no formal training in teaching. These professors often rely



heavily on the traditional lecture style that can be ineffective and disadvantageous to students of
certain learning styles*?®, Smith, Irey, and McCaulley advocated a need for a wide range of
learning activities in the classroom in order to accommodate a diverse array of learning styles*.
A learning style is the “characteristic cognitive, affective, and psychological behaviors that serve
as relatively stable indicators of how learners perceive, interact with, and respond to the learning
environment”®, Although in our experience most professors want to excel at teaching, tenure
and promotion reviews often are driven more by research productivity than teaching. Therefore,
we seek to understand successful student actions across many teaching styles in order to correlate
success and final grades. There is a need to inform students of how to succeed under teaching
styles that do not necessarily accommodate their individual learning styles. Following this
introduction, the study focus and research background are described. The empirical setting is
also discussed, followed by analysis methodology and results. The paper concludes with the
graphic summarizing the findings of the study that is showed to students at the beginning of each
semester and a final discussion.

Focus of the Study

This study focused on student behavior in six civil engineering classes and one construction
science class. These seven classes, taught by one of five civil engineering professors, were taken
by freshman to senior, primarily engineering, students. The survey was utilized to understand
what actions students take in order to be successful in their classes, regardless of the instructor or
the instructor’s teaching style. Several researchers have investigated student success related to
learning style and preferential presentation from an instructor in conjunction with student
learning styles'® 168 However, Wankat and Oreovicz found that, regardless of a student’s
learning style or intelligence, motivation fundamentally controls whether or not a student
learns®®. Similarly, Castiglia noted that “academic success, in part, derives from students’ study
habits — which, in turn, are driven by students’ motivations”?°. A primary finding of this study
correlated with student motivation and how this motivation affects a student’s final grade
independent of the corresponding course.

Survey Development
An electronic survey was developed based on a review of relevant literature and similar
surveys?! as well as the help of the Center for Teaching and Learning at K-State. The survey
targeted seven classes at the K-State main campus associated with topics relating to civil
engineering. The justification for selecting seven classes was to develop a potential pool of
respondents that represented students at various stages of the engineering program. Students
enrolled in these classes were primarily civil engineer majors; the rest of the students were from
various engineering departments and other STEM-related fields. The survey was organized
according to the following research questions:

1) How do students prepare for class?

2) How do students prepare for exams?

3) Is there a universal correlation between student preparation and final grades regardless
of the instructor or student background?
The electronic survey was divided into two sections. The first section related to student
background, including student 1D, which current classes they were currently enrolled in while
taking the survey, major, gender, military or veteran status, children, and home town. The second



section was designed to help answer the research questions. These questions and the response
type are shown in Table 1.

TABLE 1 Section 2* Questions of the Student Survey

Question . Response
Number Question Type
10 For this class, was a textbook purchased, rented, or borrowed? Categorical
How often did you attend lecture (not including sick days or excused .
11 Categorical
absences)?
12 How did you prepare for lecture? Multiple
13 After lecture, you were assigned either homework, a project, or reading. Multiole
When do you typically complete this? P
If you were assigned homework problems that required multiple steps to .
14 . Multiple
solve, how did you approach the problem?
During lecture, are you able to take notes, keep up with the instructor, and .
15 Categorical
understand the concepts?
What way is more beneficial for you to learn a concept that requires .
16 . . Multiple
multiple steps to solve a problem during lecture?
17 How do you study for this class? Multiple
18 When I don’t understand a concept during lecture or after lecture? Multiple
19 An exam, midterm, or final is approaching? Multiple

*Note: Section 1 included student background information.

As shown in Table 1, students were given the opportunity to select multiple responses for
questions where we believed a combination of strategies exist. During development of the survey
questions, we did not examine possible correlation among questions or the number of responses
per question.

Data Collection Protocol

Prior to distribution of the electronic survey, we received permission from the registrar’s office
to use final grades and student IDs. We also received approval from K-State’s Internal Review
Board (IRB) in order to ensure minimal risks and appropriate safeguards were in place. The
electronic survey was conducted through Qualtrics??, a secure surveying service. The class
professors were asked to distribute web links to students with the assurance that student IDs were
only used to match final grades. Survey instructions also stated that the survey would close on a
certain date and that survey information would not be compiled until final grades were
submitted. Students were able to take the electronic survey in December 2014, and the
information was compiled in February 2015. Student identifiers were removed from the dataset
once grades to responses were matched and verified.

Data Reduction Process/Data Description

A total of 401 students completed the survey however, many students provided false student IDs
or failed to answer any questions. Responses with either of those characteristics were eliminated
from consideration. Therefore, a total of 374 survey responses were used for analysis.
Descriptive statistics of Section 1 of the survey (student demographics) are shown in Table 2.
The significantly higher percentage of males than female students is typical of engineering
programs, with only 19.2% of bachelor’s degrees awarded nationwide to women?. Military
status was included as a demographic because of the number of K-State students in the military



due to the proximity of Fort Riley, a large military installation. The high percentage of in-state
students shown in the table is consistent with K-State demographics.

TABLE 2 Survey Respondent Demographics

Response Number of Responses Percent Responses
Male 317 85%

Female 57 15%

Active Military 11 3%

Military Veteran 9 2%

Student with Children | 7 2%

In-State Native 292 78%

Out of State 55 15%

Out of Country 27 7%

Final grade distributions for the 374 students are shown in Figure 1. The classes in this study
were freshman- to senior-level civil (CE) and construction science (CNS) classes, including CE
101 Introduction to Civil Engineering, CE 212 Elementary Surveying, CNS 231 Statics A, CE
333 Statics, CE 530 Statics and Dynamics, CE 533 Mechanics of Materials, and CE 522 Soil
Mechanics. Construction science students typically take CNS 231, which does not require math
beyond Calculus I. The alternate Statics course, CE 333, requires Calculus Il and is requires for
architectural engineering (AE), CE, and Mechanical Engineering (ME) students. CE 212 is
required for CE, CNS, and AE students, but students in other engineering disciplines and STEM
students commonly take CE 212 and CE 333 as electives. CE 533 is required for AE, CE, and
ME students, and CE 522 is required for all CE and AE students. CE 530 is an optional technical
elective for all engineering students. Class sizes in this study ranged between 50 and 200
students. Effects of class size on final grades were not included in the model.
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FIGURE 1 Final grade and percentage of all grades by student respondents

Fifty seven percent of the students that took the survey earned an A in the classes. This is
attributed to the level of difficulty between the courses as well as the fact that some courses were
taken as electives. Other variations between courses included the amount of time and effort



required of students, required labs, writing intensive courses requiring detailed reports, and
group projects. In addition, some of these classes were taught as traditional lectures that utilized
PowerPoint with printed slides provided to students, whereas other classes required students to
take notes during class.

Analysis Methodology

We had a rich dataset of variables and responses from students relating to their final grades. The
goal of the study was to develop a model to identify significant variables (or survey questions)
that related to a student’s final grade and the probability of a student receiving a certain final
grade if he or she utilized self-regulated learning behaviors described in the questions. In order to
determine if a relationship existed, a regression model was initially used in which survey
questions, or independent variables, related to the student’s final grade, or ordinary dependent
variable. Single response questions where analyzed first by an ordinal logistic model. For
multiple response questions, multiple Chi-squared test were used to determine significant
questions that had multiple responses.

An ordinal logistic model, which is a form of a generalized linear model, was selected because
both the dependent and independent variables were categorical. Dummy variables were used as
independent variables with a value of either 1 or 0, “yes” or “otherwise.” The basic form of the
model is

i

1-P

Logit(P;) = LN( ) = a; + B1 X1, + BoXpi + - + B Xk, 1)

where Pj is binomial probabilities, i is model intercept, and f1 ..., fk are unknown estimates
corresponding to independent dummy variables Xi,i..., Xk,i. A 95% level of confidence was
selected in order to determine statistically significant independent dummy variables. The
student’s final grade was assigned a value for the ordinary dependent variable; A=1,B=2,C =
3, D =4, and F served as the baseline condition. The K-State College of Engineering does not
use plus/minus grades, so those grades were not considered a possible outcome. The
commercially available statistical software package SAS was used to evaluate the data, including
possible interactions between independent dummy variables, using the procedure PROC
LOGISITIC that utilized a forward selection procedure, adding one predictor for each iteration of
the model.

As shown in Table 3, three questions from the survey were found to be significant: Questions 11,
12, and 15. Each survey question required students to select from three or four possible answers.
Questions 11 and 15 instructed students to select only one answer, while Question 12 instructed
students choose answers that most appropriately described their lecture preparation, thereby
creating nine possible combinations. The logistic model found that Question 15 was the only
significant variable in the survey. Each of the three independent dummy variables (“yes”, “no”,
“sometimes”, and “never”) were tested; “yes” was found to be significant when “never” was
used as the baseline condition. Therefore, responses for the remaining three categories (“no”,
“sometimes”, and “never”) were combined, creating a dummy variable “yes the student is able to
keep up” and “otherwise.” This variable was a significant independent variable given the name
“Keep Up.” The “otherwise” portion of the dummy variable included “sometimes,” thereby



indicating that a student may sometimes be able to keep up but was included with students that
could not or never keep up.

TABLE 3 Survey Questions Found to be Significant

Question 11 (choose one answer)

How often did you attend lecture (not including sick days of excused absences)?
1. lalways attended class lecture
2. I missed or skipped 2 — 6 lectures
3. I missed or skipped more than 6 lectures

Question 12 (check all that apply)

How did you prepare for lecture?
1. Ishowed up and listened / took notes
2. | printed the PowerPoint slides prior to class and brought them to lecture
3. I 'looked at the syllabus and read/glanced over the required reading prior to lecture

Question 15 (choose one answer)

During lecture, are you able to take notes, keep up with the instructor, and understand the concepts at
the same time?

1. Yes

2. No

3. Sometimes
4, Never

Including Question 15 or “keep up” in the logistic model, Question 11 to be the next significant
categorical variable. A methodology similar to the process described for Question 15 was
performed with “I missed or skipped more than 6 lectures,” as the baseline condition. Three
dummy variables were created. When all three dummy variables were tested, “I always attended
class lecture” was found to be significant; the two remaining dummy variables were not
significant. Responses for Questions 2 and 3 were combined and the dummy variable for
Question 11 was tested by either a student “always attended class lecture” or “otherwise”.
Results showed that class attendance was a significant independent variable that was given the
name “Attend.”

Including Questions 11 and 15, Question 12 was the next significant multiple response variable
found to be significant using a Chi-Squared test. As mentioned, students were given the
opportunity to respond to more than one answer, thereby creating nine possible combinations.
Each of the nine combinations was a dummy variable that was evaluated individually. Some
combinations had a high number of responses. For example, 50 students responded “I showed up
and listened/took notes” and “I looked at the syllabus and read/glanced over the required reading
prior to lecture,” while only eight students responded “I looked at the syllabus and read/glanced
over the required reading prior to lecture.” Because many combinations had very few responses,
a total of four combinations were evaluated in which a dummy variable was created for each
combination. Results showed that only a single combination was statistically significant when a
student only indicated “I showed up and listened/took notes.” This combination was added to the
model and all remaining combinations were retested. Results showed that no other combination
was significant, and the dummy variable was created where students “showed up and
listened/took notes” or “otherwise.” This significant independent variable was given the name
“Notes.”



Analysis Results

A single logistic model was developed to predict five possible letter grades, with the failing
grade “F” serving as the baseline condition. When the three variables were used to develop the
logistic regressions, SAS found only one significant interaction between the variables “Keep Up”
and “Attend” at a 95% level of significance. The general form of all of the models is

LN (%) = a; + f1(Keep Up) + B, (Attend) + S3(Keep Up*Attend) + S, (Notes). 2

The developed logistic model included an intercept, or ai, which differed for each letter grade.
The intercept for each model, independent variable estimates, standard errors, Wald’s Chi-
Squared, degrees of freedom, and p-values are shown in Table 4. All four models (including the
null model) ran parallel to each other since the same independent variables were found to be
significant. The four independent variables shown in Table 4 were tested using the Wald Chi-
Squared statistic, resulting in p-values less than 0.05 for all variables, thereby indicating that they
are appropriate predictors at the 95% level of significance. In order to test the basic form of the
developed model (Equation 2), that a student’s final grade is an “F” for failing the class, the SAS
procedure PROC LOGISTIC provided three tests, as shown in Table 5: the likelihood ratio test,
the score test, and the Wald test. As shown in the table, the basic form of the developed model
was an improvement over the null model because independent dummy variables were added
based on the p-values being less than 0.05. Finally, a pseudo R-squared was calculated and found
to be 0.7519, indicating that the basic form of the developed model could be explained by the
significant independent dummy variables.

TABLE 4 Final Grade Prediction Models and Significant Predictors

Intercepts / Independent Estimate | Standard ,
Variabli . P @ Error (5) Wald’s X | df p-value
Intercept (A grade) -2.3510 | 0.6216 14.3023 1 0.0002
Intercept (B grade) -0.9679 0.6110 2.5096 1 0.1132
Intercept (C grade) 0.4030 0.6044 0.4445 1 0.5050
Intercept (D grade) 1.8149 0.6752 7.2244 1 0.0072
Keep Up 2.5776 0.7189 12.8539 1 0.0003
Attendance 2.9733 0.7569 15.4301 1 <0.0001
(Keep Up*Attendance) -2.7750 0.8839 9.8569 1 0.0017
Notes 1.3989 0.6639 4.4404 1 0.0351
TABLE 5 Overall Model Evaluation

Test X2 df | p-value

Likelihood ratio test 445992 |7 <0.0001

Score test 43.8054 |7 <0.0001

Wald test 42.8690 |7 <0.0001

Model Application and Discussion

Four independent variables were found to be significant in this study based on the survey
conducted, which are expected to contribute to student success in engineering classes. The
variables were “Attend,” “Notes,” “Keep Up,” and the interaction between “Keep Up” and
“Attend” if both variables were exhibited. The central mathematical concept of using a logistic



regression is to understand the odds, or probability, of an outcome occurring. In this study, the
probability of a student receiving a certain letter grade was based on the models developed. The
probability for a student to obtain a certain grade depended on which learning behavior the
student chose to utilize. Probabilities and variables are shown in Table 6. As shown in the table,
a combination of positive student learning behaviors resulted in a greater probability that a
student would earn a high grade in an engineering class.

TABLE 6 Final Grade Probabilities Based on Logistic Models

Significant Variables Exhibited by Student Final Grade Probabilities
A B C D F

Attend + Notes 88% 9% 2% 0.2% 0.3%
Keep Up + Attend + Notes 86% 10% 3% 0.7% 0.3%
Keep Up + Notes 84% 11% 4% 0.6% 0.4%
Attend 65% 23% 9% 2% 1%
Keep Up + Attend 60% 26% 10% 3% 1%
Keep Up 56% 27% 12% 4% 1%
Notes 28% 33% 25% 10% 4%
No Variables Exhibited 9% 19% 32% 26% 14%

Although these results may be skewed by the high percentage of “As” in the study, instructors
can utilize this model in a variety of ways. This study identified three positive, dynamically
linked learning behaviors that are all critical for success, defining success as receiving an “A” in
an engineering course. The combination of students taking notes and attending class showed the
highest probability of a student receiving an “A.” However, attending class and keeping up with
the instructor without taking notes also showed a high probability for a student to receive an “A.”
This finding reinforces the need for students to attend engineering classes on a regular basis and
encourages student note-taking. This is in agreement with literature showing that students who
take notes in class do better on tests than those who only listen®*-28,

If a student elects to utilize all significant variables in a class, the probability of that student
receiving an “A” is 85.3% higher than the probability that the student will receive a “D,” which
would require the student to retake the class according to the K-State College of Engineering
policy. Although a student may fail to utilize any of the identified variables in the class and still
receive an “A,” the probability drops by 77%. Similarly, as shown in the last row of Table 6,
when no variables are utilized, the probability of receiving a lower grade increases from “A” to
“C” and decreases for “D” and “F.” The decrease is likely skewed due to the limited number of
“D” and “F” students who participated in the survey.

The main product of this study was the development of a graphic that can be shown on the first
day to students either as a projected slide or as a classroom handout. As with many faculty, we
typically give an overview of our courses on the first day and discuss why this course is
important for student’s careers. The graphic shown in Figure 2 is included in this course
overview presentation each semester to discuss how to be successful in our classes, defining
success as an “A.” Note that the probabilities of receiving a “D” and “F” were combined on the
pie charts because the individual percentages were too low to be visible on the pie chart and
because both grades require a student to retake the course.
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Conclusions

The pie charts in Figure 2 highlight that if students always attend class and take notes or if
students can keep up with the instructor and take notes when in class that their probability of
receiving an “A” is over 80%. With the pie charts we stress the importance of using at least two
identified variables. The bar chart summarizes the same information but also shows if a student
elects to only utilize one critical variable the most crucial is to always attend class. It may seem
obvious to instructors that, yes, it is important for students to regularly attend class, however all
instructors know that some students do not regularly attend. Instructors can incorporate our
findings into their classrooms by repeatedly stressing the importance of class attendance.

As mentioned, this study was limited because of sample size and skewed data. However, the data
skew was expected based on courses involved in the study. The study was also limited due to the
class types involved with only one course listed as an upper level engineering course. We plan to
conduct similar studies in which we investigate the role of class level (i.e., freshman and
sophomore classes versus junior and senior), major, and historically underrepresented groups,
such as women and minorities. This preliminary study resulted in the development of a resource
that instructors can hand out or show their students on the first day. Ultimately, in a field often
driven by numbers, there is great power in showing engineering students that, mathematically,
their academic success depends on consistent class attendance, diligent note-taking, and keeping
up with the instructor during class.
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