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Abstract: In late 2001, RMIT Engineering embarked on a projct to renew al undergraduate
programs as capability driven curricula. The Bachelor of Chemical Engineering was renewed
in 2004 and a new first year introduced in 2005. New projectbased learning courses have
been introduced, one per semester, to develop the capabilities in engineering design, team-
work, report writing, presentation, etc. The current research examines student engagement in
the first of these courses, Sustainable Engineering, and compares this with asimilar coursein
civil engineering, atraditional course in chemical engineering and first year mathematics.

I ntroduction

At RMIT the chemical and civil engineering programs have been "renewed" after being
taught for 30 years in a more traditional style (teacher-centred)®. The accrediting bodies, En-
gineers Australia and the | ChemE, have changed the way they accredit degree programs, plac-
ing az’nphasis on graduate outcomes (capabilities) rather than program inputs (course con
tent) .

Stakeholders were consulted in the renewal process and the key outcome was that program
renewal should focus on courses that would better develop the full range of graduate capabil i-
ties. Project-based learning was identified as the most appropriate teaching paradigm to de-
velop a capability set made up of persond and professional development, sustainability, prob-
lem solving and decisionr-making, technical competence (engineering analysis), teamwork &
leadership and communication

This project-based learning was introduced through a stream of Engineering Practice courses,
one per semester. |n these courses, sudents develop their graduate capabilities through suc-
cessively more complex projects across the breadth of industry sectors within chemical engi-
neering. These projects include all aspects of project design, i.e. the technical, environmental,
social and sustainability aspects. Hence, the technical content from other courses are inte-
grated with realistic engineering problems. Sustainability concepts would provide an essential
aspect of the framework for decision making in these new courses Engineersin the 21% cen-
tury must be capable of integrating the social, environmental and economic demands with the
technical possibilities in their workplaces.

This paper explores how students have engaged in these new projectbased courses, compar-
ing them to more traditional courses in mathematics and biochemical and materials engineer-

ing.
Program renewal

RMIT University has identified as a key priority the transformation of all degree programs
from atraditional content based curriculum to one based on the development of graduate ca-
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pability outcomes®. Drawing on capability theory”, the initiative has brought with it a signifi-
cant shift in many of the principles that have traditionally guided the design and delivery of
undergraduate programs at RMIT.

In late 2001, the Faculty of Engineering (FOE) identified the renewa of all Bachelor of Engi-
neering (BENg) programs as the leading edge of the program renewa implementation strat-
egy”. In the first stage of that process, Chemical Engineering stakeholders, including staff,
employers, graduates and students participated in the identification of graduate capabilities'

Several industry forums were organised for mid to late 2002 to further develop these capabil i-
ties. RMIT has along tradition of Program Advisory Committees (PAC), which guide the
university’s programs. These forums used members of existing PACs, adding other senior in-
dustry figures and several recent graduates. At each meeting, one of the authors facilitated the
group discussions.

From these meetings, the capacity to meet the following demands was seen as important:
- Cost management
IT/ISand intellectua property
Sustainable Devel opment,
Outsourcing/casualisation
Teams and alliances
Making quality and customer focus “real” (at the moment quality is not seen as proactive.
It is compliance driven not strategic, not justified on the basis of adding value, and QA
does not necessarily produce customer focus)
Thedifficulty of achieving distinctive competence in such a dynamic, environment
Generic capabilities becoming more important than specialist as an expression of what it
means to practice. (an engineer, before a chemical engineer)

Some key improvements suggested for existing programs were:
Focus on what’ simportant — Be able to ask the right questions and think conceptually
Use “red life” problems that require students to work with others from diverse back-
grounds
Develop field knowledge — pieces of equipment, industries, contracts
Learn to work effectively in groups — requiring communication skills and the skill to man
age relationships and conflict

The development of these broad skills requires an integrative approach to the curriculum. This
has been implemented as an Engineering Practice course (subject) in each semester. These
courses are usualy design based. They are based around real problems that are designed to
provide the sort of real world complexity listed above.

The eight Engineering Practice courses are:
Sustainable Engineering
Chemical Engineering Design
Process Principles
Data Collection and Analysis
Experimental Investigations
Process Systems Design
Process Systems Integration
Design Project
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Research Project is a ninth course that fulfils many of the same needs for solving complex
problems.

The teaching methodology in these courses borrows from the problem-based learning trad i-
tion (eg ®). Strictly speaking, it is more project-based than problem based, particularly in the
early years of the program where students receive a fair amount of scaffolding’.

Wheat is PBL?

Problem based learning (PBL) focuses on student-centred learning compared to a traditional
lecture-based style that is teacher focused. PBL has an objective to develop life long learning
along with professional reasoning skills. It bridges the theory-practice gap so it promotes
learning effectively. It can be more efficient in use of resources than tutoring but leads to the
same increases in student scores in concept inventory tests. Key features of PBL are that
groups of students undertake tasks together, facilitated by an academic; tasks vary in length;
and self-direction; reflection and review are important.

Woods® contrasts the difference between PBL and “subject based” (traditional) learning as
being: in PBL students must learn what they need to solve a problem, while in subject based
learning they must learn what the teacher thinks they need to solve a problem. The latter leads
to duplication (as usually the teacher assumes the students know little) and presentation of
information in a sequence that makes sense to the teacher, but not necessarily to the student.
Or conversely, the teacher assumes the students know more than they do, and so the student
will be unable to learn due to gaps in their knowledge. Woods aso claims PBL is far more
effective as it motivates st udents and embeds knowledge in a context that helps the student to
integrate new knowledge with old. A key skill of the teacher is to select problems that are
complex enough to challenge the students but simple enough to allow “layering” to occur by
choosing more complex problems in later years.

One of the pioneer experiments with PBL commenced in the early 70's at the University of
Aalborg in Denmark. A review of the first twenty years was published in 1994 (8. Engineer-
ing programs were restructured with group work comprising 50% of each semester using ei-
ther project-based learning (“the know-how”) or problem-based learning (“the knowwhy™).
Lectures were used in the remainder to develop knowledge related to the projects and genera
curriculum. The aim of this restructure was to ensure the graduates abtained the latest up-to-
date engineering knowledge by setting real world, openended problems. Where traditional
courses produce graduates suited to working in a stable environment “applying standard solu-
tions to known problems’, PBL produces graduates suited to a complex dynamic environment
where they can solve “unenvisaged problems of the future”.

Evaluation of PBL

Duch and Grot? describe assessment of PBL courses by student feedback sessions several
times per semester as well as the instructor’ s analysis of what worked well. This type of ap-
proach can be used equally well with traditional lectures. However it fals to identify if PBL
has achieved superior outcomes for students compared to treditional lectures.

Aaborg University’ suse of PBL in engineering programs was audited by the Danish gov-
ernment. The university was found to be “the most effective of the Danish engineering educa
tional institutions’. The engineering programs were evaluated by “internationa panels,
...external examinators, alumnus and their employers and undergraduate and graduate stu-
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dents’. The evaluation mechanism was written surveys (except for the panels) with areturn
rate of 50% or higher. The findings conclusively showed that PBL can develop graduate ca-
pabilities effectively. The dumni were characterized as “ adaptable...with strong qualitiesin
problem: solving, communicationand general technical knowledge’. They were also noted to
have weaknesses, namely a*lower load of specialist knowledge and methodology”.

Some other interesting results were also given. The graduate students favourite seme ser was
7 (of 9): none chose semester 1 or 2, attributed to lack of technical knowledge, scientific tools
and afeeling among freshmen that “the demands in the project work [were] uncertain”. Only
13% of alumni judged the weight of taught courses insufficient compared to project work,
showing that 50% project work was very satisfactory. Aaborg programs also had a signifi-
cantly lower drop-out rate and higher pass rates than traditional engineering programs at an-
other university, suggesting the students were more engaged in their learning.

A “modest” student survey was developed by Ahlfeldt et al (*% from alarger US “National
Survey of Student Engagement (2000™)”. The Ahlfedlt survey evaluates three areas, collabo-
rative learning, cognitive complexity and gains in personal skills. These are then summed to
give an overall “engagement score’. The survey was used to evaluate a wide range of classes
in various years and various disciplines, including classes that used PBL. The results showed
that significantly higher engagement scores were achieved in more senior classes, smaller
classes, classes using PBL, and arts more than science classes.

Our Study

We decided to use this survey to test whether our first year students were demonstrating a dif-
ferent level of engagement in the project based courses. We were able to compare Sustainable
Engineering and a similar course in the Civil and Infrastructure Engineering program, Envi-
ronmental Principles for Sustainable Design, with two more traditional courses, Biochemical
and Makrias Engineering and Mathematics.

Sustainable Engineering —a PBL course

The first year Chemica Engineering PBL course, PROC 2074, Sustainable Engineering, isa
core course that begins development of graduate capabilities essential to Chemical Engineers.
These include teamwork, communication skills, problem solving and decision making, sus-
tainability, project management and personal and professiona development. In 2005, the
course was re-structured to allow for a stronger focus on problem based learning (PBL). A
major component of the course was ar esearch oriented group project. The project topic was a
feasibility study on alterrative applications of grape pomace, a by product from the wine
making industry.

The course is run with approximately 6 contact hours per week. The large class of 40 stu-
dents was divided into two for workshops, with parallel sessions running for each group, in a
flat floor room designed for group activities. Within each group, the students were split up
into sub groups of four students, to undertake the various activities throughout the semester.
Approximately 40% of their time was spent on the project while the remainder of the time
focused on the other activities designed to develop the graduate attributes detailed above.

It was considered animportant part of curriculum design that all the activities were directly
linked into the project and were designed and scheduled to provide students with the funda
mental skills required to undertake the project For example, the section on project manage-
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ment focused on the use of project management tools such as Gantt charts, WBS, and PERT
diagrams and was run early in the semester. The concept of sustainability and the triple bot-
tom line was directly linked to the theme of the project, and addressed later in the project
when the students needed to choose the “best” solution. No forma exam was held for this
course; the assessment was based on the activities conducted throughout the semester.

The course was carefully tailored to develop concepts that link it to other courses. For exam
ple, the topics covering the role of a chemical engineer and the introduction to the chemical
engineering industry mesh well with the next PBL course to be taught in second semester,
caled Introduction to Chemica Engineering Design. Similarly, the topic on occupational
healthand safety is a link to the laboratory courses in first, second and third year. Teamwork,
presentation and reporting skills (both oral and writen) are further developed in many later
courses, includingthe pinnacle of the program, the magjor courses in the final year, experiment
tal research and design projecs.

Environmental Principlesfor Sustainable Design —a PBL course

In Sustainable Design, civil and environmental students worked on an investigation and de-
sign project. They were asked to consider four proposals for the enhancement of visitor facili-
tiesat amajor city park. These options ranged from a simple information shelter through café,

restaurant, convention/conference centre to camping facilities. They were led through a proc-
ess made up of the following steps:
- Research

Problem definition, including the development of selection criteria

Alternative generation

Anaysis

Decision making and recommendation

In parallel with the project tutorials, students received a lecture series that took them through
the development of environmental principles and legidation from the 1970s onwards, includ-
ing specific case studies.

Student engagement in these two components of the course (project and lecture series) was
examined.

Biochemical and Materials Engineering —atraditional, lecture based cour se

The Materias component of the course PROC 2075 Biochemical and Materials Engineering
is predominantly taught using teacher focused lectures. Lectures are given two hours per
week in a lecture theatre and the various topics are presented to the st udents using PowerPoint
display facilities. Assessment for this part of the course consists of a mid semester test, fina
exam, assignment and presentation based around the assignment.

Mathematics—a lecture based course

The first year Chemical Engineering lecture based maths course, MATH2128, is taught
through a mixture of lectures, supervised problem-based practice classes, online tests and
quizzes, and self- help tutorials. The course aims to consolidate and extend students' knowl-
edge in areas to which they have had varying degrees of exposure, such as differential and
integral calculus, and to provide an introduction to unfamiliar topics such as vectors, differen
tial equations and multivariable calculus. To accommodate the wide variation in mathematical
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background, there is attention to basic mathematical skills, e.g. arithmetic, algebraic manip u-
lation, elementary geometry and trigonometry.

The lectures aim to be reasonably informal, driven by plenty of examples and with frequent
opportunity for the class to work on examples together with the lecturer.

Weekly practice classes give students the opportunity to interact with their peers and tutors as
they solve a mixture of straightforward and more challenging problems. The challenging
problems are often topical, and where possible relate directly to examples from chemical en
gineering. These problems generally involve moving from a verbal description, to a mathe-
matical formulation, to asolution that combines a number of different elements from the cur-
rent study topic (and possibly other topics).

Common misconceptions and gaps in mathematical background are identified by the weekly
online WebL earn tests. All of the tests are multiple choice or true/false, and marking takes
place within five minutes, giving the students quick feedback. Students do these testsin their
own time and our experience is that the results correlate well with their marks from the super-
vised practice classes.

Self help is available to the students in the form of online WebL earn quizzes (which can be
done as many times as desired), self- help tutoria sheets and homework problems set from the
textbook. The mathematics department runs a daily drop-in centre at which queries relating to
any of sdf-help activities listed above may be discussed with the rostered tutor.

Summary of the Data Collection
Student engagement data were collected from the following cohorts:
- Sustainable Engineering (PBL) — project only
Sustainable Design (civil and environmental PBL course) — lectures and project
Materials Engineering
Mathematics
Results and Discussion
The student engagement survey was administered to RMIT chemical and civil engineering
students in various courses to measure the level of student engagement. The survey was used
to explore the following hypotheses:
1. Student engagement is higher in classes taught using PBL than traditional lectures.
2. PBL is€ffectivein any engineering field.

3. Thevariation in student engagement is lower in classes taught using PBL than traditional
lectures

4. Traditiond lectures can be enhanced by using interactive techniques and score higher lev-
s of engagement

Proceedings of the 2005 ASEE/AaeE 4"Global Coll oquium on Engineering Education
Copyright O 2005, Austral asian Association for Engineering Education

Paper167



Table 1: Student engagement survey resultsfor 1% year classes (mean + std. dev.)

Discipline Chem Eng Civil Eng

Approach Sust Eng | Mats Eng Maths Sust Des Sust Des
PBL Lectures L ectures PBL L ectures

Sample size 26 33 43 19 19

CooperativelLearning | 1na.99| 9027 | 88:29 | 10.7+15 7.742.6
Variable

gb‘l)g”'“veLe"e' Var- | 437415 | 126426 | 142421 | 137:23 | 11.02.2
Personal Skills Variable | 14.142.7 | 13.2+33 | 14.0+3.0 | 145t26 | 11.8+3.4

103 Engagement 38.6:44 | 348:7.3 | 370662 | 389:48 | 314469

The results show a significantly higher engagement score for the first year classes conducted
with PBL, compared to traditional lectures in another course Thisis statistically significant at
p<0.05 comparing Sustainable Engineering with Materials Engineering (p=0.006) and Sus-
tainable Design project with the matching lectures (p=0.0002).

Thisis in agreement with results reported by Ahlfedlt et al (2005) that courses with a higher
level of PBL scored higher on engagement score. Through this higher level of engagement,
we might expect that students will develop those graduate attributes of interest.

The results show no significant difference between disciplines, which is aso consistent with
the findings of Ahifedlt et al.

The average standard deviation for PBL classes was 2.0 and for engineering lectures was 2.6,
suggesting that student engagement in PBL classes is consistently higher. This suggests more
learning occurs across the whole student cohort, in particular, in the lower performing part of
the class.

The results show that the maths class run using a more traditiona lecture format aso scores
well with engagement. This may be attributed to the innovative approach used in this course,
and shows that a traditional lecture format can aso deliver significantly higher engagement
scores than teacher focused lectures, by use of techniques such as weekly class quizzes, on
linetests, and tutorial type exercises during lectures.

Student feedback data

Meetings are held twice per teaching semester between Chemical Engineering staff and stu
dent representatives consider any issues of concern to students. The comments on the course
Sustainable Engineering were*“.. not alot of class time yet; not enough to get teeth into yet —
whereisit going?’ during the first meeting early in the semester and no comments during the
second meeting later in the semester, due to the apology of al first year reps. Thisis consis
tent with the reports by Aalborg postgraduates that as fresnmen they found “the demands in
the project work [were] uncertain”.

Conclusions
In 2005, chemica engineering at RMIT introduced a new curriculum with a strong commit-

ment to project-based learning. This paper describes an initia study to examine student en-
gagement in the first of these project-based courses. It demonstrates that students are more
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engaged than in a traditional lecture-based course taken by the same students. Similar results
were demonstrated for a cohort of civil and environmental engineering students.

Interestingly, a lecture-based mathematics course taken by the chemical engineering students
showed almost the same level of engagement as the project-based course. This is a testament
to the active learning strategies put in place in that course.

In second semester, students will tackle a more challenging project in chemical engineering,
namely the design of a portion of a natural gas separation plant. It remains to be seen if the
same level of engagement is maintained.
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