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Summary

The purpose of this report is to present the findings from an examination of several project-based courses at three universities in Sweden and one in the United States. Specifically the report contains recommendations for possible solutions to common barriers to teaching and learning in courses in which students work in pairs or groups to complete projects. In addition to recommendations, actual tools and resources are included to assist faculty who are planning or running project-based courses.
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Background

The purpose of this report is to present the findings from an examination of several project-based courses at three universities in Sweden and one in the United States. Specifically the report contains recommendations for possible solutions to common barriers to teaching and learning in courses in which students work in pairs or groups to complete projects. Although some of the barriers uncovered and possible methods for overcoming them could be found in many types of courses, the focus of this report is on non-lecture-based project courses. The programs in which the courses are offered have adopted the Conceive-Design-Implement-Operate product lifecycle as the context for education. While many faculty members, students, and educational researchers agree that project-based courses can lead to positive learning outcomes, some faculty members are reluctant to design and implement such courses because of perceived or actual problems, such as complexity of course management, or project selection issues.  In addition, some students, although they may enjoy such courses and learn a great deal from them, may have problems working in team situations or managing time. It is the goal of this report to recommend actions to prevent or minimize barriers to teaching and learning in problem-based courses in CDIO programs.

The CDIO Initiative is an international collaboration to reform undergraduate engineering education. Although the collaboration has now grown, this report was based on information from the four founding universities: the Royal Institute of Technology (KTH) in Stockholm, Linköping University in Linköping (LiU), Chalmers University of Technology in Göteborg, and the Massachusetts Institute of Technology (MIT) in the United States. 

Working together, the four universities have developed a new educational approach to educate engineering students who understand how to Conceive-Design-Implement-Operate (CDIO) complex, value-added engineering systems, within a modern team-based engineering environment.  We have agreed to develop closely linked parallel programs at our universities to make CDIO the engineering context of our education. Our vision is to provide students with an education that stresses the fundamentals of engineering, and is set in the context of conceiving, designing, implementing, and operating real-world systems and products.  This new educational model will be more integrated, with disciplines interwoven and mutually supporting.  Students will learn from their own experience through a rich offering of team-based design-build-operate projects, both in modern classrooms and in a workshop/laboratory. By developing a set of authentic personal technical experiences, the students will not only learn about system building, but will also better master the vital deeper working knowledge of the fundamentals of engineering. (Crawley, 2001; Bankel, et al. 2002; Berggren, et al. 2003; Malmqvist, et al. 2002)

Similar to problem-based learning, project-based learning focuses on problem formulation as well as problem solving. It seeks to simulate real-world engineering research and development. Barrows (1996) describes the main features of problem-based learning in this way:

· Learning is student centered, i.e., students make choices about how and what they want to learn.

· Learning occurs in small student groups and promotes collaborative learning.

· Teachers are facilitators or guides or coaches.

· Problems form the organizing focus and stimulus for learning.

· Problems are a vehicle for the development of authentic problem-solving skills.

· New information is acquired through self-directed learning 
When researching problem-based and capstone courses, the first issues encountered are the definitions of the terms. Todd, et al. (1995) attempted to characterize and describe capstone engineering courses in North America, but found it a difficult task. They state, “Constraints and types of Capstone programs differ so greatly across disciplines. Types of programs also differ greatly within each department.  Many departments offer different courses or options that one survey cannot accurately describe.” Implications of Todd et al. for this report include the realization that not all courses are similar, the barriers as well as the possible solutions will differ by course, and solutions should be chosen carefully for a specific course.

Brodeur, et al. (2002) suggest a four-level framework for categorizing problem-based learning approaches, consisting of Level 1 - problem sets, Level 2 - mini labs, Level 3 - macro labs, and Level 4 - capstone CDIO labs. Macro labs (Level 3) are longer in duration than previous levels, ranging from several weeks to a full term. Problems are significantly more complex, entailing more planning and staff support. For example, students may work in pairs to master the methods, processes, and techniques that are involved in conceiving, designing, constructing, executing, and documenting an experimental project. Capstone CDIO labs (Level 4) consist of capstone laboratory experiences that integrate core engineering disciplines in a systems context. A strong research focus and funding, high complexity levels, and multi-term experiences typify capstone labs. Experiences at Levels 3 and 4 meet the criteria for PBL as described earlier. They are student-generated, unconstrained, complex, multi-faceted, and highly motivating to students. While experiences at Levels 1 and 2 are more structured and straightforward, they provide valuable introductions to problem formulation and the use of tools for research and discovery. Students find these "designed-for-success" experiences highly satisfying, and these successes whet their appetites for more independent problem-solving situations. 

Much literature enumerates problems and barriers found in the teaching and learning of project-based courses, and few studies give attention to solution or prevention tactics, or provide solutions too general to implement.   The current report will fill a much-needed gap of providing specific solutions and recommendations, as well as actual tools as appropriate and available, such as team member rating sheets and project report grading rubrics.

Method of the Study

Information was primarily gathered in three different ways (see Figure 1). First, interviews were conducted at all four universities to gather data about the barriers pertaining to project-based courses. The key informants – faculty members, course instructors, course coordinators and other staff associated with project-based courses, as well as some students – were informally interviewed by CDIO project members. A formal interview protocol was not used, however questions regarding barriers and solutions were asked in all interviews. Second, student opinions were collected from course evaluations. Third, relevant literature was searched to locate recommendations and/or solutions to the barriers collected.  Responses were of three types: barriers, recommendations, and resources, all of which were sorted into categories.



Figure 1. A diagram outlining the methodology of this work.

Brief Descriptions of the Courses Examined

Very brief descriptions of the courses examined are included below. Full descriptions of the courses are found in Appendix B.

	University

Course
	Year

Taken
	Mandatory/ Elective
	Number of Projects
	Project Level


	Team

Structure
	Length of Course

	Chalmers
Environmentally Adapted Product Development

Project Course in Mechatronics 
	3

3
	E

M/E
	several

1
	3

4
	several

several
	1/4 year

1/4-1/2  year

	LiU
Engineering project 

Perspectives of Computer Technology

Project course in Electronics
	1

1

3
	M

M

E
	several

several

several
	1

1

3
	several

several

several
	1/2 year

1/2 year

1/2 year

	KTH
Design Build-course; (ex. Waterbike, Solar power aircraft) 
	3-4
	E
	1
	4
	1
	1 year

	MIT
Space System Product Development I, II, III
	3-4
	E
	1
	4


	several subteams make up 

one large whole-class team
	1 1/2 years

3 semesters




At LiU

Engineering project Y is an introductory course for the Y-program. The project work is performed in groups of 5-6 students. The groups are put together by the course management,  which  also assigns a project to each group. The goals of the course are for students to gain perspectives on engineering, learn social and communication skills, and practice working with the project model LIPS.

Perspectives of Computer Technology is an introductory course for the D-program. The course introduces the students to the subject of computer science and to working in groups, as well as provides knowledge about communication, writing, and efficient study methods.

Project course in Electronics  is a course for the Y-program.  The students work in groups of about six students. Each group designs and builds a digital system controlled by a number of microprocessors. The project design includes construction of both hardware and software.  At the end of the course the students should be able to handle digital systems and run a project according to the project model LIPS.
At Chalmers

Environmentally adapted product development and manufacturing contains a comprehensive overview of current and applicable possibilities for environmentally adapted product development. The theories are focused into practice in a case study in code collaboration with industry on environmental adaptation of a specific product. In addition, implementation and operation of this project are discussed.

Project Course in Mechatronics is a response to the need declared by the industry to have engineers with good skills in system integration, a.k.a. Mechatronics. The course goal is the development of a Proof-of-Concept (POC) device, described in a demand/criteria specification. The POC device is designed in a three person group involving early design studies, construction implementation, test, and evaluation in parallel with simulations.

At MIT

Space System Product Development I, II, I . The students complete the entire cycle of conceiving, designing, implementing and operating an actual product, for a client such as the U.S. Air Force or NASA. An example product is SPHERES(Synchronized Position Hold Engage and Reorient Experimental Satellites) formation flight testbed to provide the Air Force and NASA with a long term, replenishable, and upgradeable testbed for the validation of high risk metrology, control, and autonomy technologies.
At KTH

Project based design-build course is a course requiring a single large team of students within a given time and a given budget to conceive, design, implement and operate an actual product. Previous products include Solar Powered Aircraft and Waterbike. The course runs during a full academic year. Course objectives cover technical as well as personal skills.

Results/Findings

The major focus of this report are the recommendations and solutions to overcome barriers, which were offered by the faculty and course staff during the interviews. The ninety-four responses were sorted and re-sorted several times into different set of categories; often one response could be part of several categories. At long last, a set of categories was decided upon that would be the most useful to faculty and staff involved in running project-based courses. It was found that some of the same recommendations were given by different interviewees,  and some of the recommendations, if implemented, should provide solutions to several barriers. 

Outlined below are the recommendations thought to provide possible solutions to the most often cited barriers. These solutions are also some of the more practical and easily implementable.  The recommendations beginning with an asterisk (*) have detailed information located in Appendix A.

The seven categories into which the responses were sorted were:

1. Course Planning

2. Course Objectives

3. Providing Students with Schedules and Time Planning Assistance

4. Course Management

5. Team Orchestration

6. Assessment of Student Knowledge

7. First-Year Students

Recommendations

1. Course Planning 

Careful and thorough course planning, well in advance of the start of the course can help prevent many barriers, such as:

· Assessment tactics unrelated to course objectives

· Impossible project due dates and deadlines

· Differing expectations among multiple course instructors/staff

· Deadlines conflicting with other courses

· Inequitable division of labor within student teams

· Inability for students to have access to lab space

· Project is out of scope for length of time available or out of range of student knowledge

· Course becomes only project-focused rather than learning focused

· Unhealthy team functioning

· Inability to improve course for the next offering

· Lectures unrelated to current project task

· Lack of feedback to students

· Lack of monitoring of student progress

Recommendations:

· *Prepare an expanded syllabus or a complete course document with all dates, assignments, criteria, assessment rubrics, objectives, sample assignments, team assignments, student expectations, etc.

· *Select projects carefully to ensure feasibility and appropriateness

· *Choose project sponsors carefully, and fully inform them of their roles and responsibilities

· Be aware of what courses the students have had before the project course and when they had those courses.

· As the course leader, you must plan the course a year at least a year before it starts.

· To get experience of working in a project as a course leader, you can plan the course as a project.

· Find a feedback system for every group both on their presentations and their project rapport. 

· Find a model for assessment for the course. Muddy cards (muddiest-point-of-the-lecture cards, Mosteller, 1989) have been used successfully in some courses, as one component of an assessment system.

· Let the project begin early in the course and let the lectures run parallel to the project work so the students immediately can see the relationship between the lectures and the project. .

· Have an introduction in the beginning of the course when the course leader clarifies the objectives for the students. 

· The projects must be tested before the course starts so they are relevant and well connected to the objectives in the course.

· A few extra projects should be prepared and kept in reserve and the industrial contact/project sponsor has to agree that the originally proposed project might not be carried out.

· Have regular meetings with the instructors before the course starts. Be sure that the instructors are aware of the objectives and the amount of the demands. 

· Give the instructors a proper education before the course starts. The education should be about the objectives in the course, rules for demands/assignments in relation to the objectives, group dynamics, and about the instructor role. The education must also clarify the difference between instructor and a teacher.

· Create a FAQ that students can consult 24/7

· Create modules of instruction/content that student teams can access asynchronously, exactly when they need the information for their project

· Have the students evaluate the course at the end, and use their assessment and suggestions for future course planning

2. Course Objectives

Explicitly stating the intended learning outcomes of the course will help answer many questions and make many decisions easier, both when designing and running the course. It is important to communicate these learning objectives to all instructors and students, in order to instill the correct expectations for the course. 

Some of the potential barriers associated with a lack of course objectives are:

· Difficulty for instructors and students to handle conflicts between reaching the project goal and the learning goals.

· Difficulty for instructors and students to realise the course can be a learning success even if the project fails – and vice versa. The project can be successful but it can still be unclear what, if anything, the students learned from it.

· Conflicting instructor and student views on whether teamwork and communication skills are explicit learning objectives of the course.

· Lack of harmony between assessment measures and learning objectives.

Recommendations:

· Formulate in advance the intended learning outcomes including technical, teamwork, communication skills, etc. Decide on the balance between technical skills and project skills. Is teamwork just a method we use to gain technical knowledge, or do we work on a technical project in order to develop teamwork skills?

· Design the project tasks in order to naturally lead to the intended learning outcomes. Shape the activities and assessment to focus students’ efforts and meet the intended learning outcomes.

· Distinguish between the project goal (making the project/product successful) and the learning goals (what the students should learn from the process). Communicate this distinction to the students and to the whole teaching team. Discuss how failure of either will be handled.

· Decide whether the course has specific (technical or otherwise) content. Is the content just enough to handle the project or does the course intend to “cover” the topic as well? Or is it mainly about the application or synthesis of knowledge from previous (disciplinary) courses?

· Decide to what degree it is acceptable that students specialize in certain topics and don’t learn the same things, and design the course and assessment accordingly.

· While planning for the intended learning outcomes, don’t block potential unintended learning.

3. Providing Students with Schedules and Time Management Assistance

Providing students with guidelines for project schedules, project planning, project document criteria, and personal time management can help prevent many barriers, such as:

· Deadlines conflicting with other courses

· Inequitable division of labor within student teams

· Unhealthy team functioning

· Lack of project progress

· Inability to work in the lab as much as teams need, because the labs are full.

· Inability to find relevant literature to their project.

· The students have no experience in how to plan their studies since this is one of their first courses.

· The students give priority to other courses, which run in parallel to the project, and which have more obvious assignments, deadlines, and examinations than the project course.

Recommendations: 

· *Prepare an expanded syllabus or a complete course document with all dates, assignments, criteria, assessment rubrics, objectives, sample assignments, team assignments, student expectations, etc.

· Use a project model so that everybody is aware of the steps in the project. 

· Distribute a plan over when the different subtasks are due. Have a general time schedule and milestone schedule ready in case some groups start to drift away.

· Monitor the groups from day one and repeatedly tell the students they have to ask questions, in class or otherwise, if something is unclear.

· Be sure that the instructors and course staff have a regular system for following his/her group’s work.

· Let the groups give you status reports at least three times throughout the project, so you can control how the work of the group is evolving.  

· Effort must be taken to inform drop-in students about the project-idea quite quickly, or it has be announced in advance that this course requires full attention from day one and it is not possible to go for a ski-trip during week one.

· Give examples of documents the students are going to write, in order to avoid students putting too much time into discussing format rather than content.

· As the course leader, schedule the time in the lab equitably for every group so that there is enough time for everyone, and also coordinate with other courses that may use the same lab facility

· Cooperate with the library; tell the library staff ahead of time the topics students might be researching, and/or ask the staff to construct a website so the students easily can find relevant literature for their work

· A large amount of student freedom has to be met by a large degree of instructor feedback. 

4. Course Management

A project-based course is much more complicated than a traditional lecture-based course, especially if multiple instructors are involved.  For the course to run smoothly, it is crucial that frequent, usually weekly, meetings are held with all course staff in attendance.  Barriers that may be ameliorated by discussion and problem-solving at weekly meetings include:

· Differing expectations among multiple course instructors/staff

· Unhealthy team functioning

· Inadequate progress on project completion

· Dissatisfied project sponsors

Recommendations

· *Have regular meetings with the instructors after the course has started so the course leader immediately can follow up problems and answer questions.

· Be very explicit to the instructors.

· Prepare an instructor document in which the role of the instructor is defined. The document should also be given to the students.

· Be sure that instructor time with the students is on the schedule.

· Give examples of documents the students are going to write, in order to avoid that the students put too much time on discussing how the documents are going to be written.

· The pedagogical goals have to be reiterated several times during the course and feedback should be linked to them.
· Have a meeting with leaders of courses running in parallel, to make sure the students get a reasonable schedule.

5. Team Orchestration 

Careful orchestration of student teams, including team assignment, limiting the number of teams and team size, requiring team contracts and other documents, instruction on conflict resolution, and team effectiveness, and team member evaluations can help make teamwork go more smoothly for both students and teachers. Some of the barriers that team orchestration can ameliorate are:

· Unclear or differing expectations among team members

· Some students doing all the work in the group  

· Not enough work to be divided among the team

· Team conflicts and inability to resolve the conflicts

· The students in the group don’t know each other– this affects teamwork 

· The students’ previous knowledge is different – this affects teamwork and the work with the task (project)

Recommendations

· Students should be assigned to teams by the teacher, based on a number of factors: background knowledge, grades, gender, distance from campus, work schedules, class schedules, interests

· Be very clear to the students about the objectives for the course in the beginning of the course. Give them a planning schedule and tell them how many hours they are expected to give the course. 

· Give the students in the group different roles with different tasks in the group to be sure that everyone in the group has to work.  Roles can also be rotated throughout the length of the project.

· Provide instruction (lecture, written material, video) on team dynamics, team work, and conflict resolution.

· There is a maximum limit for the amount of students, and for the amount of students within the groups.
· Require teams to construct, sign and hand in a Team Contract or Team Code of Conduct

· *Assign both individual and team grades, and use peer rating sheets for team members to rate each other

· As a course leader you should be prepared for the conflicts that can appear when the students form groups and choose projects. In order to handle such situations, rules have to be fixed which are clear to the students.

6. Assessment of Student Knowledge

A vital aspect of course development and planning is the determination of a plan to assess student knowledge. The assessment plan should be closely tied to the course objectives.  A well-thought out assessment plan can help prevent barriers such as:

· The students learn different things since they have different roles in the groups, and their groups work with different projects. 

· Differing expectations among multiple course instructors/staff

· Assessment tactics unrelated to course objectives

· Course becomes only project-focused rather than learning focused

· Lectures unrelated to current project task

· Lack of feedback to students

Recommendations

· *At the beginning of the course inform the students of how and when they will be assessed.  It is best to give clear criteria and rubrics for grading.

· Assign both individual and team grades, and use peer rating sheets for team members to rate each other

· Give instructors and course staff members clear directives for the task. Let the instructors assess the course as well. Use the instructors’ assessment to improve course development.

· Industry sponsors should also participate in evaluation

· Find methods for student reflections and assessment.

· Let the students do a reflection document at the end of the course.

· A pass/non-pass examination could be given, in which students are asked to demonstrate achievement of pedagogical goals
· Accept that not all students learn exactly the same things in a project-based course; that everyone learns to work in a project that is the most important outcome of the course.

7. First-Year Students

While also confronted with many of the same barriers, the respondents indicated that instructors involved with project-based courses offered to first-year students were faced with a particular set of barriers.  These barriers are:

· The students in the group don’t know each other– this affects teamwork 

· The students’ previous knowledge is different – this affects teamwork and the work with the task (project)

· The students have no experience in how to plan their studies since this is one of their first courses.

· The students give priority to other courses, which run in parallel to the project, and which have more obvious assignments, deadlines, and examinations than the project course.

Recommendations

· *Prepare an expanded syllabus or a complete course document with all dates, assignments, criteria, assessment rubrics, objectives, sample assignments, team assignments, student expectations, etc.

· Accept that not all students learn exactly the same things in a project-based course; that everyone learns to work in a project that is the most important outcome of the course.

· Give examples of documents the students are going to write, in order to avoid that the students put too much time on discussing how the documents are going to be written.

· The pedagogical goals have to be reiterated several times during the course and feedback should be linked to them.
· Have a meeting with leaders of courses running in parallel, to make sure the students get a reasonable schedule.

· Students should be assigned to teams by the teacher, based on a number of factors: background knowledge, grades, gender, distance from campus, work schedules, class schedules, interests

· Be very clear to the students about the objectives for the course in the beginning of the course. Give them a planning schedule and tell them how many hours they are expected to give the course. 

· Use a project model so that everybody is aware of the steps in the project. 

· Distribute a plan over when the different subtasks are due. Have a general time schedule and milestone schedule ready in case some groups start to drift away.

· Monitor the groups from day one and repeatedly tell the students they have to ask questions, in class or otherwise, if something is unclear.

Conclusion

The goal of this report was to recommend actions to prevent or minimize barriers to teaching and learning in problem-based courses in CDIO programs. The authors have provided a number of resources, tools, recommendations and suggestions to help faculty members who are in charge of project-based courses, or who would like to start one at their university. Although many barriers to teaching and learning in CDIO project-based courses were named; the barriers do not seem to the authors to be insurmountable. A number of strategies and tactics can be adopted to prevent, ameliorate, or effectively address the barriers that do arise. There are many different kinds of project-based courses and the recommendations are not intended to be “one size fits all.” However,  from our examination of the barriers named, as well as the solutions offered by both faculty interviewees and from the literature, it appears that one of the keys to overcoming barriers is advance planning.  Detailed planning of a project-based course well in advance of the course start date seems to be a vital factor in the success of the course.
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C – list of responses collected

Appendix A

Recommended Tools and Resources

1. Course Planning Tools and Resources

Checklist for Planning a CDIO Project-based Course

Before the course (ideally, one year in advance)

· Accept that not all students learn exactly the same things in a project-based course; one of the most important outcomes is learning to work on a team project.

· Search for and select projects carefully to ensure feasibility and appropriateness.

· Choose project sponsors carefully, and fully inform them of their roles and responsibilities.

· Make decisions about all aspects of the course and prepare a course document. This course document should be used to educate instructors and course staff about the course before it begins, and with students at the very start of the course, and for everyone to refer to during the course. The document should include

· course objectives,  including technical,  teamwork,  and communication skills,

· expectations for student participation,  attendance,  hours of study,

· weekly schedule of classes and labs,

· assignment due dates that are realistic and do not conflict with parallel courses 

· assignment details, 

· assessment rubrics for assignments, final project, and final grade, 

· samples of completed assignments,  documents,  and reports,

· team composition or guidelines for forming teams,  

· communication plans for within class, within teams, and with sponsors, and

· project model to be followed.

During the course

· Have regular, weekly meetings with all course instructors and staff members so the course leader can immediately follow up problems and answer questions.

· Check in regularly with project sponsors to monitor project and sponsor relationship.

At the end of the course

· Conduct course evaluations with students, sponsors, and course staff members.

· Have students create a “lessons learned” presentation, video or document for future students.

Expanded Syllabus/Course Document

Ravikumar suggests creating an expanded syllabus, or course of study document, which is a detailed document of 10 pages or more, including:

· Course objectives

· Content

· Format of instruction

· Format of student participation

· Required tasks and documentation

· Method of evaluation

· Design team formation procedure

· Project assignment procedure

· Project initiation

· Guidelines and schedule of weekly progress reports, interim and final reports and presentations

A sample 30-page course/program planning document for a MIT 3-semester capstone CDIO course may be accessed at http://cdio-prime.mit.edu/CDIO3/
Project Selection

Gibson suggests the following questions be used in project screening and selection:

Project Screening Questions

· Is the scope of the project of appropriate length?

· Is the proposed project really a design (CDIO) project?

· Is there opportunity for student management of the project?

· Does the project have the potential for benefiting the company?

Project Selection Questions

· Is there a reasonable expectation of the project’s successful completion?

· Will the students’ design education be enhanced by their interaction with a company’s engineering staff?

· Is a visit by the student design team to the company facility possible?

· Will there be a company contact person that can be relied upon to furnish needed data/information to the student team in a timely fashion?

Cleary notes that an appropriate project:

· Is similar to student internships

· Does not introduce many new concepts 

· Forces students to apply and integrate knowledge

· Requires designing a solution to a real problem

Mechefske, in addition to criteria listed above, uses the following criteria:

· Industrial sponsor-project contact must be a professional engineer

· Projects tied to confidential or proprietary issues are discouraged

Schmaltz suggests that the project should 

· be more than a design exercise or compilation of data

· have a reasonable expectation of success, rather than a report outlining why the project was not feasible

Tooley doesn’t select actual projects at all, but instead hires consultants who work with the faculty to create projects and then the consultants act as the clients. Projects are “real world” projects but not actual projects for an actual company. 

Project Sponsors Selection

Schmaltz and Duesing suggest that the project sponsor or company contact be:

· knowledgeable about the project

· responsible for the success of the project

· available for regular communication with the student team

· experienced contact person with some level of authority, rather than a recent graduate

Gilbreath et al. strongly advise course leaders stay in regular contact with the project sponsors to avoid problems and misunderstandings.

Project Sponsor’s Role

Peterson developed and distributes a brochure designed to attract potential sponsors and provide them with necessary information, including their role. Peterson expects course project sponsors to:

· participate in the engineering education process

· identify potential student design projects

· meet with instructor to select project

· provide for project expenses, including parts, direct costs and lab fees

· give technical assessment feedback

Lamancusa et al. produce an informational packet about sponsoring senior design projects.  Under the heading of Sponsor Requirements the following appears:

“To develop a successful industry based student design project dictates that the sponsoring

organization assign a motivated individual to oversee and interact with the students throughout

the project duration. A minimum commitment of 1-2 hours/week as well as attendance at a

luncheon on campus at the beginning and end of semester is required. The industrial monitor

serves the following functions:

1. Provides a conduit for project specific information to students.

2. Facilitates the students' education about the sponsor's industry.

3. Meets with the students regularly (at the industrial site, at University Park or via

telecommunication).

4. Reviews several reports to provide feedback from the industry point of view (i.e., project

proposal, regular progress reports, design analysis, final report)

5. Provides a project evaluation which is used to determine the students’ final grade”
Gilbreath et al. suggest the following guidelines for the role of an effective sponsor:

· clearly communicate your expectations and review them frequently

· permit the team to come to your facility when project work dictates the need for a visit

· promptly read project status reports and give feedback, including re-direction if needed

· call the course leader if a problem arises or you have concerns that cannot be addressed with the students

· give the team encouragement when they need it and tell them when they’re doing a good job

2. Course Objectives Tools and Resources

Many course objectives dealing with the engineering lifecycle of Conceive-Design-Implement-Operate have been included in the CDIO Syllabus These objectives can be used as a start in identifying appropriate objectives for specific project-based courses.  There are far too many to be included as the objectives for a single course, so care should be taken in selecting those that fit a specific course the best. These CDIO objectives can be accessed in the CDIO Syllabus at http://www.cdio.org/cdio_syllabus_rept/syllabus_index.html 

One senior design, project-based, two-semester course at Lake Superior State University uses the following course objectives. (Schmaltz and Duesing)

“Stated course outcomes are that students will:

• be capable of giving an effective oral business presentation.

• be capable of writing a clear, concise project proposal that flows from general to specific.

• demonstrate effective writing of short business memos.

• be capable of explaining the principles and issues of ethical behavior in engineering and professional fields.

•be capable of using creative problem solving techniques for solving business and technical problems.

• be able to create and use timelines and responsibility charts for project planning.

• be able to complete effective performance evaluations of team members.

• be able to explain the approach for performing a literature search.

• demonstrate that they are effective team members.”
3. Student Time Management Tools and Resources 

Project Models

Students often have not managed a project of this scope before.  Hence it is helpful for them, and to ensure timely completion of projects, if at least a general schedule of deliverables are due.  A more specific, detailed project model can also be used effectively.

The faculty for one senior design, project-based, two-semester created a fictitious project and project plan that is available for the students to look at.  The course staff found this helped students plan their projects, without the students copying exactly the sample documents.  (Schmaltz and Duesing) http://engineering.lssu.edu/senior
Written weekly progress reports, status reports, comparison against Gantt charts, and regular meetings with course staff are all techniques that can help students manage their time and the project. 

4. Course Management Tools and Resources

Weekly meetings of all those associated with the course; leader, instructors, teaching assistants, lab technicians, etc. are vital to the smooth running of a course. Issues to be discussed at these weekly meetings could include:

· Progress of projects against timelines

· Team health status of teams

· Any problems that have arisen during the week, regarding; teams, individuals, parts and supplies, time or schedule changes, lab facilities and access, project sponsors, parallel courses, etc. An agreed-upon solution or means of handling issues should be set so that all course staff handle the issue the same way.

· Reiteration of course objectives, milestones, grading, roles of course staff, etc.

· Overview of the upcoming week

Course staff email lists are another way that course staff can keep coordinated as issues arise between meetings. At most universities such email lists are easy to set up and use.

5. Team Orchestration Tools and Resources

Team Assignment

Brickell et al. (1994) investigated team organizational techniques and concluded that assigned groups perform better than self-selected groups.  They also found that groups with a wide range of GPAs but with similar interests performed most consistently, achieving the best results.

Schmaltz and Duesing assign teams based on a student survey of project interests as well as a modified version of the Hermann Brain Dominance Instrument which determines thinking styles.  Teams are composed so as a group, they represent a “whole brain” or all four thinking styles; analytical and logical, planning and organizational, interpersonal and intuitive, and conceptual and wholistic.

Kaufman, Felder and Fuller used a student questionnaire to assign teams in a non-project-based course.  The questionnaire asks students to specify sex, ethnicity, grades in prerequisite courses, outside interests, and times available for group work outside of class. Students were allowed to skip any questions they felt intruded on their privacy. The course staff then assigns teams based on heterogeneity in academic ability, commonality of interests and common blocks of time for working outside of class.

Tooley and Hall also assign teams, but use areas of interest and academic ability to compose well-balanced teams. They report that students may protest the assignment of teams, but learn much more about team work than if they were allowed to choose their own teammates.

Mechefske reports allowing self-selected teams, and although he reports that this arrangement allows for project success, it does not reflect the situation students will face in their jobs as engineers.

Team Contract

Massie and Massie suggest the use of a Team Project Document which is a written document that promotes two-way communication and helps focus a team on meeting its goals. It is based on a document used by the United States Army. Each member of a team completes a copy of the document, and it is reviewed, revised and agreed upon by the rest of the team and the course leader. As the project progresses, contributions of the team member are added, and changed as necessary. The specific parts can be amended, but generally contain: project name, team member name, team member role/position, significant duties and responsibilities on the team, major performance objectives and dates for fulfilling duties, list of significant contributions

Team and Individual Grades

Cleary and Jahan found that “an effective peer evaluation system is critical to students’ perceptions of grading fairness.”  To combat problems with team members who do not do their fair share of work, often called “slackers” or “hitchhikers,” in a project-based course, many course leaders have used individual assessment as well as team assessment.  Peer rating or colleague assessment sheets are one way to evaluate an individual’s contributions to the project.

Kaufman, Felder and Fuller offer one example of a peer rating sheet.  Each team member rates everyone, including themselves, according to the following ratings:

· Excellent – Consistently went above and beyond – tutored teammates, carried more than his/her fair share

· Very good – Consistently did what he/she was supposed to do, very well-prepared and cooperative

· Satisfactory – Usually did what he/she was supposed to do, acceptably prepared and cooperative

· Ordinary – Often did what he/she was supposed to do, minimally prepared and cooperative 

· Marginal – Sometimes failed to show up or complete assignments, rarely prepared

· Deficient  – Often failed to show up or complete assignments, unprepared

· Unsatisfactory – Consistently failed to show up or complete assignments, unprepared

· Superficial – Practically no participation

· No show – No participation at all

The ratings were converted into numbers and used quantitatively in calculating an individual’s grade for the course.

Another type of colleague assessment form that is used at MIT is found below.

MIT Department of Aeronautics and Astronautics

Colleague Assessment of Technical Contributions and Collaboration

Name ___________________________   Subject ________  Date _______________

Colleague __________________________________

Rate your colleague using this scale: R = Rarely   S = Sometimes  O = Often  A = Always

	Technical Contributions
	R
	S
	O
	A
	Comments

	Has requisite technical knowledge 
	
	
	
	
	

	Pays attention to accuracy of details
	
	
	
	
	

	Contributes good ideas
	
	
	
	
	

	Understands the overall project
	
	
	
	
	

	Effectively troubleshoots problems
	
	
	
	
	

	Knows how to find answers
	
	
	
	
	

	Collaboration
	R
	S
	O
	A
	Comments

	Attends team meetings
	
	
	
	
	

	Produces work on schedule
	
	
	
	
	

	Effectively takes charge of tasks
	
	
	
	
	

	Willing to take on tasks
	
	
	
	
	

	Willing to help others
	
	
	
	
	

	Communicates clearly with team
	
	
	
	
	

	Informs other teams of progress  
	
	
	
	
	

	Listens to other points of view
	
	
	
	
	

	Accepts advice about his/her work
	
	
	
	
	

	Gives criticism constructively
	
	
	
	
	


Describe your colleague's major technical contributions to the project:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Identify your colleague's major strength(s) as a team member

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Suggest one or two areas that need improvement

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

Overall rating of collaboration (circle one):    Poor       Fair       Good      Excellent

Evaluator _____________________________
11/21/02 -- MIT Aero/Astro-- D. Brodeur
 
6. Assessment of Student Knowledge Tools and Resources

Criteria and Rubrics

Below is an example of the grading criteria used in one project-based course at MIT. It is provided to the students at the beginning of the course in a document called the Program Plan available on the course website http://cdio-prime.mit.edu/CDIO3/
Sample Grading Categories and Weights for a MIT course

Criteria 





Grader 


Weight 
# per student

Colleague Reviews 




Fellow Students 

20% 

2

Progress Presentations & Weekly Assignments

· Written 





Faculty, Staff & GAs 

10% 

1

· Oral 





Faculty, Staff & GAs 

5% 

2

Formal Presentations

· Written 





Faculty, Staff & GAs 

10% 

2

· Oral 





Faculty, Staff & GAs 

5% 

1

Design & Documentation 



Faculty, Staff & GAs 

20% 

2

Laboratory Performance

· Participation/Attendance 



Faculty, Staff & GAs 

10% 

6 weeks

· Notebooks 




Faculty, Staff & GAs 

10% 

3

· Design Validation 

Faculty, Staff & GAs 

10% 
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Appendix B

Full Descriptions of Courses Examined

At LiU

TSEA67 Project Course in Electronics, 7.5 ECTS credits.

/Elektronikprojekt/

For:   Y Program

Advancement level: C 

Aim: To be able to handle digital systems concerning theory, specification, modeling systemization and synthesizing using digital integrated circuits, and to introduce modern components and tools. How to use microprocessors in digital systems. Give knowledge about running a project according to a project model.

Organization:  This is a project course where the students work in groups of about six students. Each group designs and builds a digital system controlled by a number of microprocessors. The project design includes construction of both hardware and software. The project work shall be specified in a project plan. 

Grade: Fail/Pass

Engineering project Y

Aim: Relate basic concepts in physics and electronics to engineering work. Develop an understanding of what engineering is about and how the work is performed. Administration, planning, communication, documentation and presentation of project work. Contribute as a member of the team.

Organization/Duration: Lectures and project work. The lectures will be a total of about 16 hours. The course is for one semester.   

Project format: The project work is performed in groups of 5-6 students. Each project takes 2-4 groups. 

Grading: Fail/Pass

Perspectives of Computer Technology

Aim: To give the students knowledge about the computer systems which are used through their education. The course should also give knowledge about methods that can improve their study habits, improve their communication and writing skills and give them perspectives on computer science in a technical view.

Organization/Duration: Lectures about study habits, group dynamics and communication, introduction to the computer system, project work. The course is for one semester.

Project format: The project work is performed in groups of 5-6 students. Every group has different projects. The responsibility for the projects is shared among six different institutions.

Grading:Fail/pass

Project course in Electronics

Aim: To be able to handle digital systems. How to use microprocessors in digital systems. Give knowledge about running a project according to a project model.

Oganization/Duration: Project work in which each group designs and builds a digital system controlled by a number of microprocessors. The project design includes construction of both hardware and software. The project work shall be specified in a project plan. Laboratory work and lectures. The course is for one semester.

Project format: The project work is performed in groups of about six students.

Grading: Fail/pass

At Chalmers

Project Course in Mechatronics

Goal and aim

The course has several goals and aims. 

1. Develop proficiency in Mechatronical engineering.

2. Further development of group management (all in the same boot).

3. Become, or help to become a fearless engineer.

4. Handle complex and composite tasks.

5. Presentation of results. (competition in public)

6. Re-use knowledge from earlier courses.

Organization and duration: The teaching personnel are the examiner and an assistant (Ph.D. student). All teaching, administration, and practical issues are handled by them. Some tasks are handled by the students, such as cleaning, inventory handling, and some minor tool shop repairs. The course duration is 14 weeks for the 8 credit point’s course and 8 weeks for the 5 credit point’s course. The courses are mandatory for the Mechatronics engineering students of Z- and M-program. The M course is eligible for other students with right background while the Z course is only for the Z students. 

Number of teams and projects: The course has a capacity of 10 groups with three students in each, i.e. in total 30 students at the time. There is only one project to select from but the implementation technique is free, since the project is to develop a device with a specific functionality.

Grading: The grading system is Pass/Fail for the whole group. All groups have passed so far, some after a short time extension.

Environmentally adapted product development and manufacturing

Goal and Aim: The goal concerning the content of the course was, from a life-cycle perspective, to deal with adaptation for recyclability, environmentally adapted materials selection, alternative production methods and eco-labelling. Since many of these issues are subjects of a debate, it was important to incorporate ability to dialogue as a goal. The pedagogical aims were primarily deep approach to learning[1], increased student motivation and commitment, active learning, application of acquired knowledge and time for reflection during the course. 

Organization and Duration: This is an eligible course, which started 2002, with a duration of seven weeks for third or fourth year students. The students so far have been from mechanical engineering aiming for production technology, materials science or environmental studies, or studying technical design or robotics. There are 10 hours per week in the schedule, but only 4-8 hours where teachers (two) are present. The case studies are performed in cooperation with industry.
Number of teams and projects: The number of teams are the same as the number of projects. Ideally the teams should be around five persons, but an unexpected increase in the number of students put an hindrance to that. The first year there were 13 students divided into two teams. The second year there were 22 students divided into three teams. 

Grading: The grading system was pass/non pass. The students were shown assessable pedagogical goals and asked to attain them. Students who realised they did not have the time to work, left or postponed the course to the following year.

References: J Bowden och F Marton, The University of Learning, Kogan Page, 1998.
At KTH

Project-based Design-Build Course

Goal and aim:

The project goal is to develop an advanced naval system from specification to product, constrained by a given budget. Among the intended learning goals are 

· to give hands-on experience of project based work

· to practice and enhance personal skills such as communication and team work

· to illustrate the complexity of technical systems, and the importance of systems thinking and compromises in order to reach feasible solutions subject to multiple constraints to develop strategies for systematic use, and choice, of available engineering methods.

Organization and duration:  Duration is a full academic year. The course is eligible. In the project course students need to apply technical knowledge from the disciplinary courses which they take in parallel. 

Number of teams and projects: The class works in one large team (15-20 students) with one project task, which is different every year. Solar Powered Aircraft and Waterbike are two examples. Sub-groups and individuals have specific responsibilities.

Grading: The grading system is non pass/3/4/5. The grade is set based on peer assessment of each team member’s contribution in four dimensions: Practical (hands-on work), Project management (communication, planning, leadership), Theoretical (investigations, analysis) and Social (enthusiasm, cooperation, crisis management).

At MIT

Space System Product Development I, II, III 

Goal and aim: The goal of the course is for students to have the experience of Conceiving-Designing-Implementing-Operating an actual product to be used by NASA in space.

Organization and duration: The course is three semesters in length; spring semester of Year 3, fall and spring semesters of Year 4. The course staff consists of a faculty member as course leader, three engineering instructors, one communications instructor, and three graduate teaching assistants.

Project and team number and structure: The whole class works on one project, with three-five sub-teams each working on a small part of the project, contributing to the whole.

Grading: Grades available are A/B/C/D/F,  and both team and individual grades are given, but only individual grades are reported on the students’ official transcripts. Part of the grade is based upon peer assessment.

Appendix C

List of Responses Collected

1. The students like to work towards a specific goal with the freedom of how to solve the problems. Giving those good tools, material, and support, they can accomplish almost anything! This is the general experience I have from teaching this course for more than three years.

2. The students from the M program are more structured about time schedules and milestones, while students from the Z program more often need a time schedule and milestone calendar from the teacher.

3. Most students are not used to the freedom they have during this course but adapt within 1-3 weeks.

4. Most students have the drive to go from point A to D with only a general direction from the teacher while some need a plan over the path from A to B, why B, the how to get to C, etc. These are the students that need the “fail-safe” course.

5. Many instructors Can lead to different demands on the students.

6. Many instructors Make it more difficult for the course leader to be sure that the instructors follows the objectives for the course

7. Many instructors It is difficult to know if all the instructors have the knowledge they need to instruct their own group

8. Many instructors The instructors act different in their work with their groups. They have different demands on the group.  The project work and the demands differ from group.

9. The instructors become teachers

10. The instructors have difficulties to separate their role as an instructor to the role as a teacher

11. Lack of time to plan a project based course.

12. The organization of the course is not clarified.

13. Unclear instructions regarding the documentation, which can affect the students’ creativity.

14. The students have other courses running in parallel, with deadlines that, sometimes, are not flexible.

15. Scalability - Many students in a project course make it more difficult to be sure that everyone is involved in the project.

16. Lack of feedback - Many students and project groups make it more difficult to give every group and every student feed back on his/her and the work of the group.

17. Unclear relationship between lectures and the project work

18. Unclear projects - The projects are sometimes very unclear. It is difficult for the students to work with a project when the project itself is very unclear. It makes it difficult for the students to start working with the project.

19. The project doesn't correspond to the student's knowledge.

20. The projects don't provide the opportunity to really fulfill the objectives of the course

21. The project steps are not defined.

22. The demands put by different instructors is not similar

23. Unclear expectations – Different groups have different ambitions and different demands on their own work

24. Some students do all the work in the group  - There are five-six students in every group. There can be a situation when just a few students in the group do most of the work

25. Non healthy teamwork - There are conflicts in the group and the students don't know how to handle their conflicts.

26. The forming of groups and the assignment of projects to groups can become very “emotional”.

27. The degree of activity inside the group differs among the group members

28. The groups have problems to meet deadlines

29. Time for planning the course - The planning of starting up a course like this takes more time than a course with no project.

30. The students don't have the possibility to work in the lab as much as they need, because the labs are full

31. The students have difficulties to find relevant literature to their project

32. The students learn different things  - The students learn different things since they have different roles in the groups, their groups work with different projects

33. Assessment of student learning - Important to find an assessment of student learning which is related to the objectives in the course. Should be decided before the course start. An important part of the course development

34. The students have different knowledge - Since this is the first course in the program the students have different knowledge's when they start to work in the project.

35. Many objectives - Since the course has many objectives it can be difficult to find methods to assess all objectives.

36. Difficult to know what the students have learned. Do they learn the things you want them to learn?

37. The project course doesn't connect to the knowledge the students have from earlier courses and to earlier experience

38. The students previous knowledge is different -affect the teamwork and the work with the task (project)Year 1

39. The students in the group don't know each other- affect the teamwork Year 1

40. The students have no experience of how to plan their studies since this is one of their first courses. Year 1

41. They give priority to other courses, which runs parallel to the project, with more obvious examinations. Year 1

42. Difficulties to assess the learning outcomes since the project course often consists of many objectives. Year 1

43. Course becomes more project-based rather than learning-based – End up teaching just what’s needed for that particular project, not the whole topic/issue – Not as rich an experience for the students when confined to smaller overall picture

44. Students specialize in a small area and learn little in the other areas

45. Top students tend to do most of the work – Can be easier for them to do it –

46. Inequitable division of labor among students or teams –

47. Students with the most time available do most of the work

48. Scope of project is inappropriate for the amount of time students have

49. Expensive in terms of $ cost and staff cost – Sub-teams sometimes need separate teachers/coaches/ mentors/experts

50. Hard to assess individual work done in a team

51. Students felt they were not getting enough feedback, especially mid-course

52. Lots of push-back from students who want to work on the project and not “waste” time reporting out

53. Some students pour their heart & soul into the course and neglect other courses, and their health by skipping meals & sleep to work on the project

54. Each class has had it’s own personality, so no one method will always work

55. The larger the group is: have more resources(people) so can go into more detail for design, but it’s also harder to manage

56. Some students have problems with open-ended problems/format – Have to set near-term milestones for them

57. Big design topic – Taxing on faculty to switch gears to help/tutor each student or sub-group on each topic & when they come up with new results/project info – Tough to be on your toes & think on your feet all the time

58. Hard to give students frequent feedback on how they’re doing – Students also need to learn how to self-assess

59. Hard to invent or design or create on a schedule; e.g. 1-3 PM on Thursday we’ll have a great design idea!) so students sometimes don’t see the problem-solving, head-scratching that faculty engage in

60. Resources - teacher – department – school

61. Resources - student time, access to educational tools

62. Teacher education

63. Designing course to fit in time and program

64. Danger to parallel courses

65. Scalability (class size and duration)

66. Sustainability (over time)

67. Transferability (to the faculty)

68. Tool training

69. Not covering the topic

70. Unclear expectations, aims and concepts

71. Student – teacher communication

72. Students do not learn the same things and the same amount

73. Information, dissemination

74. (“Non-healthy”) team work

75. Misconceptions based on previous experience (problems to adapt)

76. Assessment of - individual work

77. Assessment of - technical skills

78. Assessment of - team-work skills

79. Lack of feed-back

80. Lack of self-assessment

81. Difficult for teacher to design project/course to student level

82. New roles for teacher & student

83. Focus on project goal rather than on learning goals

84. Students not used to freedom

85. Grading

86. Number of projects

87. Difficulties for drop-in students

88. Lab space/Facility size

89. Technology risk/Project failure

90. Complex situations lead to incomplete learning

91. No one method works for all class personalities

92. Difficult to design/create on a schedule

93. Coordination of all course instructors/staff

94. The project model LIPS lives its own life

Structured categorization of barriers, recommendations, resources





Barriers


Recommendations


Resources





Literature review





Student course evaluations





Semi-structured faculty interviews











1
1

