Team-Based Learning in: “Construction Engineering and Management”
Note: This summary was drawn from an interview with the Centre for Instructional Support and Dr. Froese, as well as a review of materials used for his class.  We have written it in the first person to make it easier to read. 

1. Course Situation

· Department: Applied Science
· Subject: Civil Engineering 
· Level: Civil 400 Construction Engineering and Management, 4th year course
· Students: N = 106, required course for civil engineers 
· Time Structure: two one and a half hour sessions each week.
· Any special course or classroom factors?: 100 person, tiered lecture theatre with fixed seating
2. Learning Goals for the Course

· The construction industry is the “production” phase of virtually all civil engineering work.  The goal of this course is to familiarize students with the construction industry—including the industry as a whole, construction companies, construction projects, and individual activities.

· Our main point of view was that of someone working for a construction company in charge of managing a project:  i.e., a Project Manager.  However, the material applies to anyone involved in construction projects (e.g., designers, owner’s representatives, site engineers, etc.)

· Gain an understanding and experience of the issues they will encounter in the construction industry
· Explore the interdependencies between different players in the construction industry.
3. Reasons for Changing to Team-Based Learning
· Previous way of teaching: lectures with some case studies and take home group assignments
· Problems encountered: pace of lectures was too slow

· I had taught the course for 12 years and accumulated many anecdotes and examples but this resulted in having too many details to convey and it was hard for students to take it all in.
· I felt coverage of topics could be more condensed

· What made you think that team-based learning might be an alternative worth trying? Course was already in 3 or 4 modules. Students didn’t like the text book, too superficial, but I had given weekly online quizzes based on the text each week and this definitely seemed to encourage preparation.  As well, the year before I used a web-based computer game to demonstrate the bidding cycle – although the game was riddled with bugs and ended giving all the wrong calculations the students absolutely loved playing with it – I could tell they loved the hands on aspect.   The homework assignments often involved group activities and these sometimes spilled into class time, students were more engaged and interested with these projects.  
4. Changes Made

· Changes made: Organized class into 5 basic modules and left one module as a traditional format that would be taught by a guest lecturer.
· Decided not to get rid of lectures all together, condensed lecture information down to one lecture per module.

· Chose a new text that was online and more appropriate for the class

· Organized notes, PowerPoint slides and chapters into reading resources for each module.
· Created quizzes for each module.  This is what took the extra time considering I had a new textbook and wanted to link the questions more to the readings than to my lecture for each module.
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Used WebCT to collect student information at the beginning of course for creating groups, to deliver the reading materials for each module, and the surveys for course evaluations half-way through the term as well as peer evaluations at the end of class.
· Created a seating plan (shown on right).  Since the class had 100 fixed seats and I had 106 students I needed to make sure everyone had space.  I added chairs at the end of rows and gave each group its own territory.

· Results: (in terms of the general operation of the course).  Each module spanned 5 classes.  In the first class of each module I gave a 1.5 hour lecture.  The second class included the individual and group Readiness Assessment Tests (RATs).  I referred to these as Quizzes but, on reflection, I think Larry Michaelsen’s advice was right, that by calling them RATs or RAPs I emphasize student’s responsibility.  The Readiness Assessment Process did not include an appeals process.  I gradually used Scantron sheets and then the IF AT forms for the group quizzes.  With each change I noticed more discussion and interaction.  The immediate feedback also gave me more information to shape my mini-lectures, I knew more about what was understood and what needed to be clarified.
· The third and four class of each module used the examples I had previously been using in lectures, but altered to work as application assignments.  Students applied estimating formulas, represented different corporate perspectives and worked on larger case studies where they had to provide solutions to problems encountered.  There was a guest speaker for the fifth and final class of each module.  The five modules included:
· Overview of Project Management and the construction industry: the major elements of project management; characteristics and segments of the construction industry; participants, roles, and relationships; project lifecycles. (10hr)

· Project Delivery and Contracting: project delivery alternatives and contracting procedures; (8 hr)

· Estimating: preliminary and detailed estimating techniques. (8 hr)

· Scheduling and Other Aspects of Project Management: Project scheduling; elements of risk management, quality management, safety, etc. (8 hr)

· Managing People: managing human resources in engineering.(6 hr) – guest lecturer.
5. Examples of Team Assignments
· One very effective group activity was the week long Computer-based Simulation Game called “Super Bid Simulator” where students had to work in teams and take on the role of General Contractors (GC) and are expected to operate their own company accordingly.  Each GC is required to account and monitor their financial status recording all transactions, expenses and income of the company.  The first part of class was used to demonstrate how the game worked and the last half was used for each team to determine their bidding strategy.  The bidding cycle continued throughout the week and the team assigned a person each day to check out the website and bid according to their strategy. 
· Another application activity required students to read through the specifics of a case study and determine the major criteria to consider in bidding for these construction projects, the advantages of main delivery options and then make a choice as to the delivery option they would recommend.  While teams did a show of hands to demonstrate their choice more discussion could have happened at this stage to encourage commitment to their decision and discussion between groups.  The students’ responses were followed up with the actual decisions of the community in the Case Study.
· Another case study outlined several different viewpoints of the project’s history and current status in the form of interviews with key players, giving some insight into both the project itself and the local industry as a whole.  Students are asked to individually prepare a list of problems facing the project and the industry, then as a team answer the questions which follow the case.  Teams prepared a diagram that showed the project’s organizational structure and paths of information flow, indicating which areas represented the underlying causes of each of the problems.  Teams were also to suggest possible solutions to each of the problems identified as well as cost estimates for these proposed changes.
6. Impact

A. On Student Learning and Performance:

· Used the same exam as the previous year and marks with TBL were a bit lower, but not by a statistically significant difference.  It is tempting to think that it is easier to study with lecture format notes, that lectures present material more logically – but a more important question is whether students will remember the information a year from now.
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B. On Student Attitudes

· Students enjoyed the course a lot more
· Teaching evaluations up by .7 on a four-point scale

· Students were receptive, gave no resistance and engaged in lively discussions.

· These are interesting results considering the same group of students, the previous year, had been in another class which used group work with disastrous results.  In contrast I addressed their concerns about group work and provided incentives.

C. On the Teacher

· The year was much more fun to teach.
· Lecturing in condensed form was easier.
· I got through most of the same amount of material.  The TBL approach required that I have a bit narrower scope, some stuff gets missed but I felt more successful at conveying material.

· Even though this was the last year I was teaching this course I believed that TBL was worth the effort to make the learning process more active and provide students with an opportunity to engage with the real-world problems they will encounter in the construction phase of civil engineering.

· As an aside I started each class with a funny video clip from my collection of humorous advertising which I could tie into each topic.  This set a nice tone for the class and students began contributing their own video clips - as time went by it was a challenge to find a corny segue.  Formally it didn’t have anything to do with the class but it couldn’t have hurt and probably helped.
7. Related Publications

· None as yet
8. Contact Information

Dr. Thomas Froese
Phone: 604 822-2027
Email: tfroese@civil.ubc.ca
9. APPENDIX: More Detailed Information about Team Assignments and Products of the Teams’ Work

· Project Delivery Modes – case study application activity.  
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Case Study



Gibsons and District Community

 Broad scope – North American size ice rink (300 



50 seats), fitness center, youth center, arts and 

crafts rooms, multipurpose room, outdoor space 

including parking, and ancillary services/amenities.

 Future possible scope – second ice sheet, more 

community rooms, gym, aquatic complex and 

ancillary facilities.

 Capital cost – approximately $7 million



Sunshine Coast Aquatic Facility

 Broad scope – pool facility (details to be determined 

– 25m, 3m diving board)

 Future possible scope – additional facilities

 Capital cost – approximately $6.5 to $7.2 million.
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Case Study



Features of both projects

 Land publicly owned, and zoning complete or in 

progress

 Significant commissioning effort

 Significant life cycle costs due to 

mechanical/electrical

 Significant safety and reliability issues

 Possibly long procurement lead times for 

mechanical/electrical equipment

 Nothing especially novel in terms of scale or scope –

well within design and construction capabilities of 

firms in southwest corner of the province

 No major geotechnical problems noted to date

 No large excavation/substructure that would 

facilitate fast-tracking??
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Case Study



Constraints

 Public private partnership that involves finance, 

design, build, operate ruled out

 Local municipal offices do not have a lot of 

resources for overseeing the projects

 Local sensitivities – not known



Potential procurement modes

 Core delivery modes are all applicable

 Design, bid, build

 Design build

 Construction Management

 Other: design-build-operate
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Questions



Based on the characteristics of these 

projects, what are the criteria that could be 

used  for evaluating and selecting a project 

delivery mode?



How do the main delivery options compare 

with respect to these criteria?



What delivery option would you recommend?
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What are requirements for each criterion? 

Rank their importance?

Scope

Cost, Capital

Quality

Time

Priority Ranking (1-6 

1 is most important)

High

Low

Certain

Uncertain

What’s important for 

each?

Cost, Operating

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

Others

(involvement in decisions, local 

involvements, …..)

High

Low

Certain

Uncertain
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vote is based on target budget. 

Higher initial budgets or cost 

overruns would be very difficult. 

Lifecycle costs could prove 

significant.  Extra effort and costs 

now to reduce operating costs 

would be worthwhile 

Short time is not critical, but 

delivery as promised is very 

important, and rink should meet 

hockey season. 

“Premium” quality is not important, 

but should “foster community 

pride”, and need high systems 

reliability/efficiency. 

Discussion Questions: Notes

What are requirements for each criterion? 

Rank their importance?

Scope

Cost, Capital

Quality

Time

Priority Ranking (1-6 

1 is most important)

High

Low

Certain

Uncertain

What’s important for 

each?

Cost, Operating

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

High

Low

Certain

Uncertain

Others

(involvement in decisions, local 

involvements, …..)

High

Low

Certain

Uncertain

Still have lots of flexibility within 

basic parameters. 

Local content desirable. 
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Case Study: Notes

 Design-Build:

 Don’t need some of the features that Design-

Build is particularly good at:

 Fast-track

 High uncertainty/flexibility

 Disadvantages of Design-Build in this case:

 Difficulty in providing firm price up front

 Local contractors/subs not experienced

 CM:

 CM services have advantages over traditional 

with little downside

 Traditional, with GC providing “CM” services

 Or Professional CM,

 But very dependant on finding suitable CM.

 Traditional:

 If up front price certainty is very important, 

traditional may be best alternative.



[image: image9.emf]Froese Civil 400, UBC 

Case Study



Potential Economy – bundle both projects??



Something to avoid – your project is not an 

experiment for the uninitiated, unless there are 

other objectives  - e.g., to develop local 

capabilities
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Case Study

		Features of both projects



Land publicly owned, and zoning complete or in progress

Significant commissioning effort

Significant life cycle costs due to mechanical/electrical

Significant safety and reliability issues

Possibly long procurement lead times for mechanical/electrical equipment

Nothing especially novel in terms of scale or scope – well within design and construction capabilities of firms in southwest corner of the province

No major geotechnical problems noted to date

No large excavation/substructure that would facilitate fast-tracking??
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Case Study

Potential Economy – bundle both projects??

Something to avoid – your project is not an experiment for the uninitiated, unless there are other objectives  - e.g., to develop local capabilities
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Case Study

		Gibsons and District Community



Broad scope – North American size ice rink (300  50 seats), fitness center, youth center, arts and crafts rooms, multipurpose room, outdoor space including parking, and ancillary services/amenities.

Future possible scope – second ice sheet, more community rooms, gym, aquatic complex and ancillary facilities.

Capital cost – approximately $7 million

		Sunshine Coast Aquatic Facility



Broad scope – pool facility (details to be determined – 25m, 3m diving board)

Future possible scope – additional facilities

Capital cost – approximately $6.5 to $7.2 million.














