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WIP: What Makes Courses Demanding in Engineering Education? A
Combination of Mixed Methods and Grounded Theory Research

1. Introduction

Engineering undergraduate programs have become demanding in terms of workload [1].
Along with class time schedules packed with lectures, laboratories, and tutorials, there are a
significant number of course assignments that occur outside of class, such as team-based
projects and experiential learning tasks [1]. Researchers have encouraged the incorporation
of these constructivist approaches into engineering education [2], aiming to help students
develop a wide range of abilities (such as complex-problem solving skills and
interdisciplinary thinking [3]). However, this increasing number of assignments stresses
students [4], [5], negatively affecting their learning results [1], [6].

To understand what students define as a demanding course, several researchers have
explored the concepts of academic workload and course difficulty [1], [4]-[7]. So far, there
is a growing body of knowledge in Canada and the U.S. regarding factors that affect how
first-year students perceive workload [1]. However, little is known about how students
perceive course difficulty after dealing with their transition from high school to college, and
how the quality of teaching affects their approach to learning [6]. Thus, not only more
studies are needed to understand how student-centered approaches could enrich learning
experiences from a multi-dimensional perspective [1], [3], [4], but also to examine how
these multidimensional approaches make learning more meaningful at a course level [4].
This is particularly relevant in Chile, considering that previous studies have demonstrated
that students who major in science and engineering often use surface approaches to
learning, focusing on course content that they believe they must memorize to meet
assessment requirements [8].

This paper presents a Work-In-Progress (WIP) that is part of a larger study to understand
students’ perceptions on engineering courses imparted at Pontificia Universidad Cat6lica de
Chile (PUC-Chile). The research question addressed in this paper is: What factors affect
students’ perceptions on demanding courses in terms of difficulty? To answer this research
question, we combined mixed methods with grounded theory research (MM-GT). By MM-
GT, we mean the systematic collection and integration of both qualitative and quantitative
data toward the goal of theory development [9]. According to recent studies, the MM-GT
research approach has become useful to develop and test theory in the fields of education
[8], [9]. In this study, we plan to develop theoretical models of difficulty at a course level,
following best practices of MM-GT application to provide insights for course curriculum
development and teaching reflection in the field of engineering education.

2. Research Design and Current Data Collection

In this study, we plan to use an exploratory sequential design based on MM-GT to develop
and test theoretical models in four phases (see Figure 1). This paper presents the results of
the first phase, which consisted of a grounded theory approach to identify the factors
associated to what students perceive as easy courses and difficult courses. In the second



phase, we plan to integrate the factors identified in the first phase into an online survey with
multiple-response questions, aiming to measure how predominant are these factors in a
larger population of engineering students. Then, in the third phase, this online survey will
be used to collect data at the same engineering school were the focus groups were
conducted. Finally, the fourth phase of the study will integrate the quantitative results of the
survey with the grounded theory model to develop a theory that more accurately describes
how different factors influence students’ perspectives on course difficulty, besides
revealing whether these factors are associated to meaningful learning.
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Figure 1. Mixed methods-grounded theory exploratory sequential design

During the first phase of this study, we conducted two focus groups with a purposive
sample of engineering undergraduate students. By a purposive sample, we mean a selection
of study participants from a particular section of the population of interest [10], a sampling
strategy widely used in social sciences and other fields [10]-[12]. Considering our interest
in students’ perception on course difficulty and meaningfulness, we selected engineering
students in their second year of study or older, aiming to explore factors that are associated
to course design (course-related factors), faculty characteristics and influences (faculty-
related factors), or student characteristics (students related-factors), and not necessarily
associated to their transition from high-school to first-year engineering [4]).

A total number of 23 students participated in each focus group: 13 students in Focus Group
1 and 10 in Focus Group 2. In both samples, there were students from different admission
cohorts (2018, 2017, 2016, 2015 and 2014) and different engineering programs (Biological
Engineering, Biomedical Engineering, Chemical Engineering, Civil Engineering, Electrical
Engineering, Engineering Design and Innovation, Industrial Engineering, Mathematical
Engineering, and Mechanical Engineering). Both focus groups followed a semi-structured
protocol based on previous work on academic rigor [7] (see protocol here:
http://bit.ly/3aWGM8c). Students were interviewed in a 1-hour session under informed
consent, and the audio files obtained from both focus-groups were transcribed verbatim.
The analysis was conducted by three researchers, who discussed initial and selective codes
to identify emerging factors for what students perceive as easy courses, difficult courses,
and meaningful courses in terms of learning. Memos were written to record the description
and evolution of codes (see final coding scheme here: http://bit.ly/36th6ww), and
theoretical models were developed concurrently with the coding process.
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3. Preliminary Results

We obtained one grounded theory model from coding the focus groups transcripts, which
describes the factors associated to engineering students’ perceptions on course difficulty,
distinguishing among course-related, faculty-related, and student-related factors (see Figure
2). Regarding course-related factors, students mentioned the complexity and the amount of
content, the constructive alignment of course teaching and assessment methods and the
amount of workload, besides their perceptions on how the course content and activities are
relevant for real life applications. Concerning faculty-related factors, students alluded to the
willingness of faculty to provide support and guidance to students, in addition to faculty
teaching skills to explain complex content and to plan learning-oriented classes. Finally,
among student-related factors, students indicated that their perceptions are also influenced
on their prior knowledge and their individual interest on course content and activities.

Course-related factors Difficult courses
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Figure 2. Grounded theory model to describe factors associated to difficult and easy courses
from the perspective of engineering students (see details of the coding analysis in
http://bit.ly/36th6ww)

Student-related factors

Table 1. Additional factors associated with meaningful learning in courses perceived as
difficult or easy (see details of the coding analysis in http://bit.ly/36th6ww)

Additional factors

Course learning opportunities
Real-life applications

Faculty motivation for teaching
Faculty support

Faculty teaching skills
Students’ motivation

Students’ interests
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Student-related factors
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From the information obtained from the interviews, we also identified additional factors
that are associated with meaningful learning in courses perceived as difficult or easy (see
Table 1). Regardless of the difficulty of a course, students perceive a course as meaningful
If it includes learning opportunities to apply content and to understand its relevance
regarding real-life applications. Concerning faculty-related factors, students alluded to the
importance of the intrinsic motivation of faculty members for teaching, in addition to the
relevance of their capacities to provide support and to teach complex content (particularly
relevant in difficult courses). Finally, among student-related factors, students indicated that
their learning is influenced by their motivation and interests in course content and activities.

4. Discussion, Limitations, and Future Work

Our preliminary results suggest that course difficulty is a multidimensional construct.
Regarding difficult and easy courses, students mentioned the amount and complexity of
course content, the amount of course workload, and the alignment between course teaching
assessment methods. The first two factors have also been mentioned in previous studies,
whose results indicate that students’ perceptions are influenced by the perceived
complexity of course content and the amount of work required week-to-week [1]. However,
there is less evidence regarding constructive alignment of course elements, so more studies
are needed to provide teaching staff with guidance on how to incorporate constructivist
approaches to learning [2], [3].

Our preliminary results also suggest that there are additional factors that are associated with
meaningful learning regardless of course difficulty. Students mentioned that learning
opportunities to apply content in practical projects are relevant in any type of course, in
addition to class activities that allow them to apply theoretical concepts in real-world
applications. They also mentioned the importance of their motivation and interests in
course content and activities, besides alluding to faculty motivation and teaching skills.
This finding resonates with prior studies that associate student learning with active
teaching, learning motivation, and content complexity [2], [6]. However, this finding also
opens up an opportunity for further studies to understand how these additional factors could
help teaching staff manage course difficulty and students’ motivation in engineering
coursework.

So far, this study has been conducted with a small population at the engineering school in
PUC-Chile, which implies potential generalization issues. To address this limitation, future
work includes collecting quantitative data from a larger population of students. These data
will be used to explore what predominant factors influence students’ perceptions on course
difficulty in the light of institutional factors and educational theories. Still, further studies
should also consider exploring perceived course difficulty in engineering schools located in
other countries, in order to discuss implications for different educational systems.
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