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Abstract -The Capstone Design Course instructional
team was selected to participate in the digital learning
initiative at the University of Alberta. The goals of this
initiative are to increase student engagement and promote
flexible, independent learning. The objectives of the
instructional team were to enhance the interactions
between instructors and student design teams in the face
of increasing enrolment and to align the course
strategically with attributes expected for graduating
engineers set out by the University and elaborated in the
Canadian Engineering Accreditation Board (CEAB)
Guidelines. Existing course materials were redeveloped
to an asynchronous online format for individual student
engagement and related activities were completed in
class. Course delivery effectiveness is being evaluated by
comparison with previous cohorts, improvements in post
course student self-assessment, student engagement and
satisfaction, and will include post course interview and
survey data. This preliminary report focuses on elements
of course design and preliminary findings.
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1. INTRODUCTION
1.1. Motivation

The goals of the University of Alberta digital learning
initiative (to promote flexible, independent learning and
increase student engagement) were combined with the
capstone design course instructional objectives (to
enhance quality interactions between design instructors
and student design teams). The Capstone Design Course
in Chemical Engineering is a project course where
approximately 25 teams of 5-6 students each complete a
unique industry sponsored design project. Students must
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research the project, identify and compare competing
options using sustainable design criteria, develop a team
structure, a project plan and schedule and then complete
the design project. The five capstone design instructors
teach as a team in the same section.

1.2. Literature Review

The field of engineering requires ongoing development
of new professionals and scholars through effective
education programs. Students who wish to work as
engineers acquire knowledge of fundamental concepts,
gain skills required to apply knowledge to tasks, solve
problems, construct and validate models, and evaluate
data produced, whether in research, design or operations
contexts [10, 15]. How best to prepare students and assist
them to develop these skills is a complex issue involving
consideration of curriculum, policy, accreditation,
pedagogy, and institutional leadership [5, 9, 19]. The
traditional lecture format, where instructors transfer their
knowledge to largely passive students and which some
suggest has not changed significantly in the last thousand
years [4], continues to be the most widely used
instructional approach in engineering education [10, 19],
even though a growing body of education research
indicates it is a less effective than active instructional
approaches [10, 14, 15, 19]. A recent review of discipline
based education research (DBER) related to science and
engineering found that:

. research-based instructional strategies are more
effective than traditional lecture in improving conceptual
knowledge and attitudes about learning. Effective
instruction involves a range of approaches, including
making lectures more interactive, having students work in
groups, and incorporating authentic problems and
activities [5, 15].

Why then, given the evidence that active learning
methods are more effective, is the lecture format so
common? A number of factors may serve as barriers to
the implementation of active learning approaches [2, 10],
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one being “the persistent myth that all active learning
methods require more faculty time than lecturing” [19].
While active learning approaches may require additional
development time initially, effectively designed courses
can ensure coverage of content as well as opportunities
for active learning without significantly more faculty time
[8]. This is the primary benefit of the flipped classroom.

1.3. Problem Definition

Previously, in the Chemical Engineering Capstone
design course, lecture-format tutorials were provided in
two-hour blocks twice weekly to support student learning
and successful project completion. Thirty-minute team
meetings with individual instructors, and open format
question and work periods followed. The planned increase
in enrolment from 125 students this year to 170 students
next year requires more teams and this restricts the time
for individual questions and meetings with instructors
unless the instruction time is reduced.

1.4. Solutions Considered

A new course structure was developed using flipped
classroom ideas and principles alongside technology
advances in course delivery. Pre-class materials now
typically comprise a brief video, a short reading, and a
formative assignment to prepare students for in class
interactive activities that apply online materials. Students
submit brief reports based on in class activities at the end
of class. Post-class students apply their learning to their
open-ended design projects. Infeasible alternate solutions
required additional in class time or additional instructors.

1.5. Flipped Classrooms and Engineering

Flipped classrooms, also called blended or inverted
learning environments, change the way instructors and
students work together. A key aspect of the flipped
approach is the integration of face-to-face and online
(individual) learning with the aim of enhancing the
classroom experience with active learning [20]. For many
instructors, a flipped approach means providing students
with access to videos, readings, or other instructional
material that enable students to learn concepts
asynchronously prior to coming to class. Class time then
becomes available for active learning which may include
projects, collaborative work, problem based learning, or
other activities [8, 10]. As such, a key feature of flipped
learning is a shift from teacher-centered lectures to
student-centered instruction [20]. Flipped approaches may
also influence student engagement [6, 7, 19].

Flipped classroom approaches have the potential to
enhance the quality of engineering education by providing
opportunities for instructors to implement active learning
strategies during class time. Currently, there is a limited
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body of research that has investigated flipped approaches
within the context of engineering courses; however there
is evidence for the benefits of active learning approaches
in engineering education [14, 17]. Where flipped or
blended classes have been implemented in undergraduate
engineering programs, there is evidence that student
satisfaction is greater and that levels of class attendance,
motivation, and collaboration among students is higher
than in traditional lecture format courses [12]. Student
engagement is widely acknowledged as being important
to their post-secondary success [1] and development of
conceptual understanding [11]. In addition, the connection
between student engagement and active learning is well
supported in the literature [10, 15]. The impact of the
implementation of a flipped classroom approach and
active learning strategies on student engagement is a
principal thread in the current study. Csikszentmihalyi's
concept of flow [3, 16], wherein an individual is engaged
when: they are intensely focused on their current activity,
feel intrinsically rewarded and in-control, feel that the
task is neither too difficult nor too easy, and may lose
track of time (experience temporal distortion), underlies
our work. His concept is illustrated in Figure 1.

2. STUDENT ENGAGEMENT
2.1. Challenge vs Skill: Moving to the Flow Zone

The Chemical Engineering design course is based on
independent learning in an interactive team environment.
Students collaborate to develop a team structure, a project
scope and plan. A process was developed to guide
students through individual preparation, contribution of
work and ideas, team evaluation and integration of
contributions, product production, tracking and reflection.
In our experience, providing scaffolding and feedback for
the learning experience is a critical part of the success of a
project based course that relies on individual and team
contributions [6, 7]. The capstone design course provides
a challenging open-ended project that is supported by an
instructor and an industry sponsor, both providing
feedback and advice. Tutorials in the capstone course are
designed to address skill gaps for students as they work
on their design project. They provide an opportunity for
students to direct their own learning, to develop their
skills, to contribute to their team, and to complete their
design projects successfully. Students with lower skill
levels may experience anxiety or stimulation as they
attempt to complete their project, as shown in Figure 1.
The teaching in the capstone design course is intended to
reduce student anxiety and to support skill development.
The teaching (in the form of online instructional and
reference materials) is available when students need it
even if the instructor is not. Students, who have already
developed skills, can challenge in class activities ahead of
schedule.  Students may approach the flow region from
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the motivational perspective. They have the skills and
they have been presented with the challenge. The need to
address a broad range of entry skill levels is typical for
capstone design student cohorts because students from all
programs including co-op, and traditional streams, with
differing specialties and experiences are taught jointly.

2.2. Tutorial Structure and Content

The new teaching format is designed to enhance student
engagement by converting existing lecture materials into
brief videos students watch prior to class. Table 1
compares the previous lecture and the current flipped
format. Pre-class materials introduce a topic and link it to
project requirements. The teaching objective is to connect
with all students regardless of entry skill level and to
develop the skills rapidly to a higher level using a shared
experiential approach. Typically videos are limited to 5-6
minutes as they are “information dense”. A one-hour
lecture can often be compressed to fifteen minutes of
video presentation. However, students need time to reflect
in between [8] and two or three shorter videos are easier
to review. A tutorial topic is further developed in class
with an activity to apply the pre-class material. Student
discussions within teams and in larger groups are built
into in-class activities, as are opportunities for students to
share their findings with the class and leverage learning.

There is a brief assignment, usually a report on the
results of the activity that is due at the end of class.
Students are given an opportunity to apply the teaching in
class. Instructors are available to answer questions and to
help if required. The in-class assignments are typically
relevant to all design project requirements. Post tutorial
learning elements extend the in class learning and link
further skill and knowledge development to individual
design project and final report requirements.

Post-class, individual students and design teams apply
their learning to their design projects. For example, the
topic “Team Formation and Team Management” includes
short readings, a self-assessment and a video prior to
class. In class, case studies describing poorly performing
teams are discussed and evaluated, and outcomes
presented to the class as a whole by groups of teams.
Following the class, each design team prepares a charter
outlining their team structure, their expectations of one
another and their performance deviation management
plan.

Tutorial content was developed based on existing
course objectives that are correlated to the Canadian
Engineering Accreditation Board Graduate Attributes
Assessment (CEAB GAA). Tutorials provide a review
and further development of key areas related to Chemical
Engineering fundamental knowledge, and its application
in the design process. In addition, an overall course plan
was created and learning objectives were developed for
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individual tutorials. An integrated instruction strategy
with the introductory design course was also developed.
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Fig. 1. Flow Diagram Adapted from Csikszentmihalyi
(1990)

Table 1: Tutorial Structure

Previous Format Flipped Format

No pre class work Pre class work (~0.5h)

Traditional Lecture (2h) Active Learning (1h)

Weekly Team Meeting (0.5h) | Weekly Team Meeting (0.5h)
Project Time (1.5h+2h) Project Time (2.5h+3h)

3. EVALUATION METHODS

Previously, student teams self-assessed, and were
assessed by instructors based on their performance ahead
of and during meetings that linked interim deadlines for
producing a planning document for their course work, a
mass and energy balance for their process, a final
presentation of their findings, as well as a final report.
The final report comprised 80% of the course mark and
was summative in nature.

To provide ongoing feedback and opportunities for
students to develop their skills, enhanced self-assessment
and formative assessment tools were included as part of
the course redesign. A CEAB based skills and attributes
self-assessment tool was developed to determine how
students viewed themselves prior to and following the
course. Data collection was automated and students made
use of the pre-course assessments to select teams.
Formative assignments related to tutorial topics and final
report requirements were also added. The project
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planning and the final reports continue to be summative
assessments and comprise 80 % of the course mark.

3.1. Individual and Team Assessment

To assess the scope and quality of the contributions of
individuals to team performance, and team performance
as a whole, two formative assignments are repeated
during each of the four phases of the course: researching
and developing a client proposal; engineering analysis
and design; project analysis; and on completion.

Team evaluation forms were developed for students to
rate themselves and team members individually based on
the quality and quantity of their contributions to the work
done at each phase. At a team meeting, students compare
and discuss individual results then prepare and submit a
rating table that includes both self and average team
assessed ratings for individual students. All team
members sign the submitted copy of the ratings table. The
discussion of this evaluation is private to the team.

After considering individual behaviors, students are
then asked to reflect on team, technical and project
logistics performance and to rank their team according to
criteria in a reflection tool based on group dynamics,
adapted from Newell et al. [13]. Behaviors observed in
design teams and correlated with capstone project grades
are described. Student teams are asked to comment on
the ongoing development of their team skills relative to
this rubric and to submit an account of their observations
and plans for improvement at each major project
milestone.

3.2. Individual Self-Assessment

Just prior to the course, individual students self-assess
their skills and abilities using the online CEAB GAA tool.
Students are able to assemble a team and view their team
composite skill and attribute data prior to finalizing their
team selection. The goal is to assemble a balanced team.
The self-selected teams are accountable for ensuring they
have the skills required, for establishing an agreed upon
team structure, team values, performance and work
quality norms. Students repeat the individual CEAB skill
self-assessment at the end of the course. The composite
data is used for course effectiveness evaluation.
Examples are provided in the Results section.

3.3. Formative Assessment

All milestone and portfolio assessments are formative.
The students are marked on completion of the
requirements.  The marking scheme is based on
completion and on-time criteria as outlined in Table 2.

CEEAI5; Paper 093
McMaster University; May 31 — June 3, 2015

Table 2: Formative Assignment Structure

Milestone Assignments Portfolio Assignments

Based on product delivery
Project based
Phase completion

Based on developing
Tutorial based
Starting point for project

Marking: complete, on time,
received by sponsor

Marking: complete, on time,
thoughtful, reflect activity

3.4. Assignment Retention for CEAB Evaluation

All assignment related materials and supporting
documents are accessed online, and all assignments are
submitted online by each team within a Moodle learning
management system. The course is stored by cohort and
all information can be retrieved electronically including
examples of students’ work. The use of online materials
and student progress are both tracked and all the
information is retained and accessible following the
course. As course work is graded by team, the
development of a team and their project can be reviewed
along with the materials the team accessed, their in class
participation, and project milestone progress including
individual student contributions and time sheets. The
ready availability of detailed data sets for individual
teams, linked to grades and CEAB attributes is expected
to facilitate the next CEAB review, scheduled for 2017.

3.5. Data Gathering Methods

Data were gathered during the course for the purpose
of evaluating the effectiveness of instructional methods
and student engagement. Student access of online material
was tracked and collected. Individual student timesheets
and contributions to their team project were tracked using
weekly reports. All students were asked for course
feedback on a regular basis. Effectiveness is being
evaluated by comparing performance with previous
cohorts, improvements in post course student self-
assessment, student engagement and satisfaction surveys.

3.6. Online Access Monitoring

Individual access to online materials was recorded on
e-class and reported by team. Students submitted one
assignment per team. Time of assignment submission was
automatically recorded. This particular feature was in
place for the previous cohort.

Heat maps (Figure 2) were developed to visualize
resource usage by teams. In this example, the frequently
accessed items are the pre tutorial videos (bottom four
rows), samples (top yellow band), materials for in-class
activities and assignments (mid yellow band). Resource
materials and alternate delivery modalities (previous
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lecture notes - top purple) were accessed less frequently -
if atall.

Fig. 2. Tutorial 2 Heat Map of Online Material Access

Frequency distributions were used to determine how
often on-line materials were accessed and when in
relation to the relevant tutorial. Certain materials were
accessed on an ongoing basis as students were developing
their own work and pre tutorial materials were typically
accessed prior to class. Figure 3 provides the frequency
and timing of student access to an example interim report.
Access by each team, tracked by colour, is spread over a
two-week period. By contrast, pre-class video access
frequency charts show a dense cluster of points twenty
four to thirty hours prior class.

3.7. Instructor Observations

The instructors and the teaching assistant (TA) were
asked to make notes after tutorials regarding observations
on student engagement, learning, quantity and quality of
questions students asked, and changes from the previous
cohort to the pilot cohort.  Observations were made
regarding when students submitted assignments relative to
due dates, assignment completeness and quality.

%Z In Class Dates
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Fig. 3. Frequency and Timing of Student Access

3.8. Student Feedback

Student feedback on the course was collected in the
form of surveys after the first month of the course, after a
specific new tutorial and at the end of the course. The
intermediate feedback surveys were based on students’
perceptions of whether or not the course objectives were
being met and whether the learning objectives for a
specific tutorial were being met.

CEEAI5; Paper 093
McMaster University; May 31 — June 3, 2015

4. RESULTS

Results at the time of writing are preliminary and are
based on observations during the term, resource access
frequencies, preliminary comparative CEAB GAA
results, and preliminary student feedback. A complete
data analysis and course evaluation is in progress. We
plan to use access data, student feedback and final report
results to improve course organization and delivery.
Initial findings of the student access of online resources is
promising and methods to gather data on individual and
team access, timing and frequency of access are providing
a promising framework for automating data collection, the
collection of student example work, and formative
assessments in the capstone course.

4.1. CEAB Self-Assessment of Skills

The before and after comparison of student self-
assessment of CEAB GAA data is in progress. At the time
of writing 30% of the class (more than 40 students) has
completed the post-course assessment.  Figure 4 shows
students’ views of their pre and post course ability to
design a process system. Figure 5 shows the progress the
students’ views of their ability to develop competence.
The development of skills for lifelong learning is a critical
aspect of an engineering education and a core goal for the
CEAB GAA.

4.2. Course Effectiveness Evaluation

Observations and data indicate some teams watched
the videos together, some individually and some skipped
them altogether. All teams attended all class activities
and handed in assignments. The course effectiveness is
not being evaluated on whether or not students were able
to check off all activities as complete but rather that
students accessed materials necessary for their individual
development and project completion. Ongoing evaluation
will address the issue of ensuring that online materials
address student learning modalities and enhance student
skills required to develop and complete a team based
capstone design project. One change being considered is
to remove resources from the main block in Moodle to a
separate Resource section. Highlighting key items was
requested by students.

Instructor notes are invaluable in the improvement
process. All instructors reported increased student
engagement and interaction in class and in the weekly
meetings. The depth of the questions students asked had
increased as the level of engagement increased.
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5. CONCLUSIONS

The ability to improve course effectiveness based on
student feedback and project quality is enhanced by
understanding student use of resources and engagement.

Addressing the variation of incoming student skill
levels by asynchronous online instruction techniques
improves the overall experience for students and
instructors in the course.

Automated tracking and consolidation of data
facilitates preparation for CEAB and other reviews and
undergraduate curriculum development more broadly.
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