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Abstract: Civil engineering encompasses a diversity of specialty sub-disciplines, the major ones of which are structural, water resources, environmental, construction, transportation, and geotechnical engineering.  Many civil engineers are frequently involved in projects and hold supervisory or administrative positions whilst others work in design, construction, research, and teaching.  In this paper, we describe a Unit that has been designed to both provide undergraduate civil engineering students with a perspective and exposure to modern civil engineering practice and an appreciation of the key skills they will need to develop through their course. The students undertake  project-based guided learning in small groups.  They begin the development of a range of generic skills through the design of a civil engineering project in which a broad range of issues, parameters and constraints are considered, resulting in an appreciation of the complete cycle of a project.
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Introduction

The expectations on undergraduate engineering programs have produced a complex array of requirements (Engineers Australia, 1999).  Course design has become a fine art of interweaving adequate coverage of academic content with the acquisition of necessary professional skills and generic attributes through a student-focussed learning environment.  Graduates today are required to be adaptable, self-motivating team players, regardless of their field of expertise. Group work has swept through higher education around the world as a response, in part, to a rapidly changing society and a demanding employment sector (Thorley and Gregory, 1994) and many fields of study are responding with problem-based learning regimes and group work.
Problem-based courses have been defined (Boud and Feletti, 1991) as starting “with problems rather that with exposition of disciplinary knowledge.  They move students towards the acquisition of knowledge and skills through a staged sequence of problems presented in context, together with associated learning materials and support from teachers.”  The process replicates the approach used to meet challenges and solve problems encountered in both work and non-work environments (Barrows and Kelson, 1993), and has its origins in the apprenticeship model in which apprentices learn by doing. Project-based learning achieves similar outcomes by focusing on a broadly defined project instead of using a staged sequence of problems. 

Project work, particularly in groups, is not a familiar learning form for Engineering students. 
Our experience has been that, just as students are slow to transfer their academic learning between different units and year levels, so too are they reluctant to transfer skills.   Within the Bachelor of Engineering (Civil) course at La Trobe University, we have addressed many of these issues through the development of a Project Learning Stream.  This stream consists of the four units Engineering Practice, Engineering Group Research, Environmental Case Studies and Investigation, with one unit in each year of the course.  The aims of the stream are:

· To introduce students to the discipline of Civil Engineering,

· To develop generic work skills related to both individual and group activities,

· To develop skills in report writing and oral presentation,

· To promote a desire for life-long learning, and

· To prepare students for professional practice by working on a specific practical or research topic.

The intensity of activity and expectations of the students gradually increase with each year-level unit in the stream, and the skills acquired in these units complement the skills acquired in the discipline-specific units.  The Investigation unit represents the culmination of the stream where all the skills developed previously are employed.  In this paper we shall discuss the development of the stream before focusing on the Unit Engineering Practice, which is undertaken in the first semester of the first year of the course. 
Project Work in Engineering

Mills and Treagust (2003) have reviewed the use of problem-based and project-based learning in engineering education and concluded that a mixed-mode approach, that is project-based and traditionally taught units, best addresses industry requirements.  Project work is no longer novel in engineering programmes.  Indeed, we have been implementing two units of group project work in the Bachelor of Engineering (Civil) since 2000.  Many aspects of the management and operation of the group work have drawn upon previous experience of group work in the Science Degree at La Trobe University (Legge 1997, Legge et al 1999), which in turn was based on Problem-orientated group project work, as practised at Roskilde and Aalborg Universities in Denmark.  Mills and Treagust (2003) outline two other examples of project learning in Australia at Monash University and the University of Central Queensland.

Participation in project learning does not in itself ensure students acquire the appropriate skills, and our experience both in teaching through group project work and through attempting to articulate the development of skills through the course, has led us to build a Project Learning Stream through the course whereby project work is undertaken in groups and by individuals at every year level.  However, it is not only the students who are learning to work in different ways. Group project work in particular requires a variety of academic staff to collaborate in the teaching (Legge and Wilkens 2000).  This is particularly true for the first year unit, Engineering Practice where students are introduced to a variety of academic assistance that they will have cause to call on throughout their course.
Engineering Practice

First year studies bring with them added complexities, not the least being issues of transition to University life and semi-formed ideas with regard to what civil engineering actually is. The students are unfamiliar with the expectations of a university course and have little or no real knowledge of civil engineering.  Most students are unfamiliar with their peers but are required to work in small groups.  Inevitably, it takes some time for the students to adjust and the early part of the Unit is designed to facilitate this.  Accordingly, Engineering Practice is designed so that the students gain an exposure to the broad range of principles and practices of the professional engineer, whilst at the same time they are introduced to a range of academic assistance and initiated into the skills of working in a group.
Engineering Practice provides a perspective and exposure to modern civil engineering practice.  Students work in small groups on a (contrived) major project in which a broad range of issues, parameters and constraints must be considered.
Unit Content

The content of the Unit consists of a series of lectures, a design project and a site visit and is delivered over the thirteen teaching weeks of the semester.  The initial lectures introduce the student to the following key aspects of modern civil engineering practice: the structure, organisation and scope of Civil Engineering; principles of sustainable design and development; responsibilities of the professional Civil Engineer; professional ethics.  These are followed by lectures in which local practising engineers talk about their own careers, experiences and their current roles.  Later lectures, given by staff expert in academic skills, highlight good and poor practice in both written and oral communications.  In parallel with this, each group of students is allocated a broad-based civil engineering project for which they are required to identify significant issues, acquire relevant knowledge, critically review the findings and make recommendations on the project.  To further stimulate interest in civil engineering, the entire cohort is taken on a site visit to a significant engineering project.
Unit Assessment

The formal assessment programme has been designed to monitor the student’s understanding of material presented in selected formal presentations and the experience obtained on the site visit, together with the assessment of the work on the allocated project.  The instruments consist of a mixture of individual and group assessments as follows:

	No.
	Assessment
	Due
	Weighting

%

	1
	Set Task 1  Summary of Introduction to Civil Engineering Lecture                        (Individual)
	Week 2
	3

	2
	Set Task 2  Understanding Group Behaviour

(Individual)
	Week 3
	3

	3
	Set Task 3  Interview with Supervisor

(Individual)
	Week 7
	0

	4
	Set Task 4  Summary of lectures on Engineering in Practice                    (Individual)
	Week 8
	6

	5
	Set Task 5  Summary of Site Visit

(Individual)
	Week 10
	3

	6
	Set Task 6  Design Project report

(Group)
	Week 12
	70

	7
	Set Task 7  Seminar presentation

(Group)
	Week 13
	15


In Set Task 1, each student is required to submit a concise, comprehensive summary of some 500 words of the lecture – Introduction to Civil Engineering.  To prepare for the students for working in a small group, Set Task 2 requires them to undertake the necessary research in the library to address the following points: group development; models for the effective operation of a group; resolution of conflict/inactivity within a group.  The findings are presented orally in a one-to-one five minute meeting with the group’s supervisor.  Set Task 3 requires each student to meet with the group’s Supervisor on a one-to-one basis for about five minutes to discuss how the group is working towards completion of the design project.  Comprehensive but concise summaries of the three lectures on Civil Engineering in Practice and the site visit are required in Set Tasks 4 and 5.  For Set Task 6, each group is required to produce and submit an original written report that conforms to a specified style.  It is emphasised that the report should aim for quality of argument and a succinct presentation rather than mere volume.  The seminar of Set Task 7 consists of a 10-15 minute Powerpoint presentation, followed by 5 minutes of discussion/critique/questions, in which all members of the group participate and describe their work, and justify their findings and recommendations.

In addition to the foregoing, a diary is required to be kept of all meetings of the group, including those meetings with the Supervisor.  It is compulsory that group meetings be held at least once a week.  For each meeting, the succinct record should include: date and location of the meeting, those present and those absent, a list of the matters discussed together with any outcomes and/or actions on group members.  Each meeting record is to be signed by all those present as being a true and accurate record.

Programme

Invariably, most new university students are unfamiliar with their surroundings, their peers and, in many cases, with the profession which they intend to enter.  Early sessions in the Unit programme have been designed to address these observations.  Later sessions present the skills required to make successful written and oral presentations of the outcomes of the project investigation.  Attendance at selected key sessions has been made compulsory.  The detailed programme is as follows:

	Week
	Scheduled Session 1

(two hours)
	Scheduled Session 2

(two hours)
	Scheduled Session 3

(two hours)

	1


	All students attend the Welcome and Introduction session*


	All students attend the Lecture – Introduction to Civil Eng’g. *
Set Task 1:  Summarise lecture
	All students explore the library and familiarize themselves with facilities, location of engineering reference and for-loan materials.

	2


	All students attend the Library Session – Introduction to the Library *

Submit Set Task 1 ***

Set Task 2:  Group behaviour
	All students attend the Introduction to the Design Project session, formation of groups and Lecture – Design Process & Problem Solving. *
	All groups meet – members get to know each other, agree on how the group will work, commence discussion on the Design Project

	3


	Selected Groups attend the Library Session *

Group work on Design Project

Submit Set Task 2 ***
	Selected Groups attend the Library Session *

Group work on Design Project
	Selected Groups attend the Library Session *

Group work on Design Project

	4


	Group work on Design Project
	Group work on Design Project
	Group work on Design Project

	5


	All students attend the Lecture – Civil Eng’g in Practice 1 *

Set Task 4:  Summarise lecture
	Group work on Design Project
	Group work on Design Project

	6


	All students attend the Lecture – Civil Eng’g in Practice 2 *

Set Task 4:  Summarise lecture
	Group work on Design Project
	Group work on Design Project

	Semester recess

	7
	All students attend the Lecture – Civil Eng’g in Practice 3 *

Set Task 4:  Summarise lecture
	Group work on Design Project
	Group work on Design Project

	8


	Group work on Design Project
	All students attend the Lecture – Writing Skills and Written Communications *Submit Set Task 4 ***
	Group work on Design Project

	9


	Group work on Design Project
	Group work on Design Project
	All students attend the Site Visit *

Set Task 5:  Summarise Site Visit

	10


	Group work on Design Project

Submit Set Task 5 ***
	Group work on Design Project
	Group work on Design Project

	11


	Group work on Design Project
	Group work on Design Project
	Group work on Design Project

	12


	Group work on Design Project
	All students attend the Lecture – Oral Communication *
Submit Set Task 6 ***
	Group work on seminar presentation

	13


	Group work on seminar presentation
	All students attend and all groups present Set Task 7 **


	


*
Hurdle requirement – attendance compulsory

**
Hurdle requirement – participation compulsory

***
Hurdle requirement – submission compulsory

Role of the Supervisor
Each group is assigned a Supervisor from the academic staff in the Department.  How each individual Supervisor responds to their role will depend on the personalities and needs of the group.  The Supervisor’s task is to facilitate the group’s progress and learning (just as a lecturer’s role may be described in more traditionally taught units). However, whilst a lecturer’s role is akin to that of a school teacher, the role of group supervisor may not sit easily in the students’ perception of teaching  Students are given the following advice in relation to the role of the supervisor.
Students should expect a supervisor to:

Supervisors will not be expected to:

meet regularly with the group



monopolise the responsibility

discuss issues and understandings


research the project

clarify information




be an expert in the project

provide guidance in the group research process
teach the project

guide the group’s direction



provide all the answers

provide constructive criticism



lead the group

help ensure that the group is functioning

provide broad comment on draft work

act as a mentor

Students are advised that help should be sought from the supervisor if the group/individual:

wishes to contact an outside organisation

wishes to draw upon the expertise of another member of the academic staff and wants

to set up a meeting

does not understand the requirements of the Unit
has trouble meeting the requirements of the Unit
does not understand the assessment criteria

doesn’t get on with the group

cannot resolve conflicts within the group

believes that the group or some group members are not performing satisfactorily

has difficulty being personally motivated

does not understand engineering information
wants an impartial adjudicator

needs some advice/comment on written work

Role of the Library

The Library provides many of the resources needed by the group to adequately address their project.  A Librarian is specifically allocated to the Unit to introduce the necessary information retrieval skills to the group. In addition each group is assigned a library session to practise the skills on their project. The role of the librarian is to
help identify the most useful sources of information,
suggest different strategies for finding information,
keep students informed of new developments in the field being researched,
alert students to any special trial databases or new additions to the Library in the field being researched,
help filter the information,
assist with the development of information retrieval skills.
Role of Academic Skills Unit
About two-thirds of the way through the semester, an expert from the Academic Skills Unit of the university provides a workshop on correct techniques of technical report writing and referencing the work of others.  A later workshop focuses on the characteristics of good (and a bad) oral presentations.
Sample Design Projects

A key component of the Unit is the design project whose main aims are to expose the student to engineering problem solving and to generate interest in civil engineering.  This is a fictitious project that requires the student to identify all the significant real life influences on substantial engineering works and should encompass not only engineering aspects but also environmental, political and social considerations as well.
The design projects are set within the context of providing advice to the Australian Government on possible (fictitious) major infrastructure projects.  An explanation of the background together with typical design briefs of the open-ended projects are as follows:

Background

The Australian Government is considering three proposals for major infrastructure projects within Australia.  In order to facilitate informed discussion in the Cabinet room, the Government requires a briefing paper for each proposal which will be, in effect, a summary of a corresponding comprehensive engineering report.

Your group has been commissioned to produce an objective, comprehensive engineering report on a specified proposal.  Consistent with the requirements of the Unit Outline, the report will consider, inter alia, the advantages, disadvantages, implications, feasibility, engineering solution, construction methods and schedule, cost etc.  (A written summary briefing paper is not required to be produced by the group).

Design Briefs

1. Linking Lake Eyre with Spencer Gulf
A means to permanently join Lake Eyre with Spencer Gulf in South Australia, and thereby create an inland sea, is to be established and critically reviewed.

2. Electricity generation using tidal power

This project will consider the use of tidal power on the North-west Australian coast to generate electricity for an on-site aluminium smelter that would replace the smelter in Portland, Victoria, and thus release more electricity for use within Victoria.

3. Inland diversion of water from the coastal rivers in Queensland

In the high rainfall area of Queensland, a large amount of runoff flows directly into the sea through the many rivers and creeks.  This project will consider capturing this water and re-routing it into the existing system of inland rivers in central Queensland so that it can be used for irrigation and the like.

4. A new vehicular link to supplement the West Gate bridge in Melbourne

The West Gate bridge in Melbourne has reached its practical capacity to accommodate vehicular traffic.  Realistic options for another link near the existing bridge are now required to eliminate the present gridlock.

Subsequent Units

In second and subsequent years the students gain further experience in project work, with less scaffolding support.  For instance, whilst the librarian remains available for assistance, second year project groups undertaking Engineering Group Research are reminded but not required to organise library and communications skills workshops. Hence, at the final year level, students are prepared to undertake a standard individual Engineering project with the generic written and communication skills already entrenched. 
Experience to Date

In its present form, the first year unit Engineering Practice has been offered only twice.  On these occasions, there has been a wide variety in the quality of the design projects and the associated reports.  These have been clearly influenced by both the topic of the design project and the effectiveness and cohesion of the group.  Nevertheless, all groups have successfully participated in a group project and been exposed to Civil Engineering. Anecdotal evidence suggests that the Unit has been generally well-received by the majority of the students.  The students enjoyed going on the site visit and getting to know more about what Civil Engineering is all about through both the lectures and the engineering design task.  Not surprisingly, some students indicated in the feedback that they were uncomfortable with the open-ended nature of the engineering task set for them and wanted better defined boundaries and closer supervision.  
One cohort of students has now undertaken two years of the strand in its present form. As the second unit Engineering Group Research has just been completed, formal feedback has not yet been obtained. Nevertheless, the quality of the research, report and oral presentation was significantly improved from their initial first-year attempt, which demonstrates that they have are developing the expected skills. 
Concluding Remarks

The Bachelor of Engineering (Civil) course at La Trobe University includes a Project Learning Stream.  This stream consists of the four units Engineering Practice, Engineering Group Research, Environmental Case Studies and Investigation, with one unit in each year of the course.  The initial unit Engineering Practice has been designed to meet three major objectives, viz., to facilitate the student’s transition from secondary school to university through group work, to initiate the student to the profession of Civil Engineering and stimulate interest, and to introduce the practice of civil engineering through project-based learning using interesting broad-ranging projects that extend the capabilities of the student.

Units such as Engineering Practice develop over time and this evolutionary process will result in refinements and improvements.  Early indications are that the students enjoy the exposure to the practice of civil engineering and the challenge to develop problem-solving skills within the framework of an engineering design project.
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