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Evaluation of Design Work and the Achievement of  
Learning Outcomes in Senior Capstone Courses 

 
Abstract 
 
The two-semester Mechanical Engineering Capstone course at Brigham Young University 
(BYU) was created in 1990 to help students learn a structured design process and assist them in 
developing design skills for the practice of engineering.  Course outcomes were established 
based on stakeholder input and students receive classroom instruction as well as do project 
design work on projects provided by industry sponsors.  To date more than 575 design and build 
projects have been completed for more than 300 industry project sponsors with more than 3500 
mechanical, electrical, manufacturing and other students working in multidisciplinary teams. 
 
One of the more significant challenges in offering a course of this type is developing a method to 
accurately evaluate student work.  Students are typically very interested in their grades and 
faculty are interested in accurately and fairly assessing student work as it relates to the 
achievement of course outcomes by students.  Fair and accurate assessment can be particularly 
challenging when much of the student work is performed working in teams.  
 
This paper presents a brief literature review on the topic of assessment and evaluation of 
engineering design work by students, a set of three historical evaluation schemes used in BYU’s 
Capstone, including the one now in use, and relevant observations and conclusions we have 
drawn through the years. 
 
Introduction 
 
During the fall semester of 1990, BYU initiated a two-semester design course entitled, Integrated 
Product and Process Design.1 The main objective of the course was to strengthen perceived 
weaknesses in new graduating engineers. The course includes classroom instruction, individual 
assignments, an examination, and project work by student teams performed on industrially 
sponsored design and build projects.  Essentially the course involves students learning how to 
integrate design skills in four major areas: technical analysis, design creativity, project 
management and teamwork. 
 
Each year approximately 180 students take the course from a variety of majors including 
mechanical engineering, manufacturing engineering technology, electrical engineering and a 
variety of other majors. Students are divided into cross-functional teams and typically about 30 
industrially sponsored projects are recruited from industry for student teams to work on. 
 
Each team is assigned a faculty coach to mentor the students in learning how to apply the design 
process taught in the course. About half of the faculty coaches come from full-time faculty where 
coaching is considered part of their normal teaching load and the other half are practicing 
engineers or engineering managers from local industry, who are hired as part-time faculty. One 
reason for soliciting real projects from industry and in hiring part-time faculty from industry is to 
bring industry and academia together in a partnership to improve engineering education. P
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Through the years, the course has received a number of awards and positive feedback from both 
industry and academia. Approximately 3500 students have completed the course.  
 
The instructional design for the class includes both general objectives and specific educational 
outcomes.  The general objectives are the hardest to measure effectively when evaluating 
students; therefore this paper focuses on evaluating the accomplishment of these objectives.  The 
general objectives for the current year are shown in Table 1. 
 
The specific course outcomes for the first and second semesters of the Integrated Product and 
Process Design course are shown in Table 2 and Table 3, respectively. 
 
Table 1: The general educational objectives of the Integrated Product and Process Design 
program at Brigham Young University 
 
The overall objective of Capstone is to help each student become a successful, practicing 
professional who can make a positive difference in the world. To achieve this, each 
student is expected to learn to: 

1. Understand and apply a structured design process to complete a design project 
that adds real value to a project sponsor. 

2. Understand and apply principles of project management and scheduling to ensure 
that the right work is accomplished at the right time. 

3. Integrate the knowledge and skills developed over the course of prior education 
and experience to achieve high-quality engineering designs that meet customer 
needs. 

4. Participate synergistically as a team member, whether leading or following, in 
order to help the team succeed at the highest level. 

5. Grow personally and professionally, taking the responsibility to learn and work 
independently; seeking outside help, advice, and feedback as needed to complete 
the design project. 

6. Work hard on a challenging project, in spite of the difficulties that will arise, and 
couple that work with faith to accomplish an outstanding solution. 

 
Assessment of student work in the course is based on three areas of evaluation: 
 

1. Individual learning of course material  
2. Assessment of team project work, and 
3. Individual contribution to the team 

 
Evaluation in a design class differs from that in “traditional” engineering classes.  In traditional 
classes, much of the grade is based on the student’s ability to solve problems that generally have 
one right answer, and the grade can be quite objective.  By contrast, in design work, there is no 
unique correct answer, so that evaluation is necessarily subjective.  The quality of an individual’s 
or team’s work is evaluated by external parties.  Different external parties may have different 
opinions about the quality of the work.  In such situations, students can feel that the evaluations 
are arbitrary or capricious, and the evaluations then may be seen as invalid or not helpful. 
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Table 2: Specific course outcomes for the first semester of Integrated Product and Process 
Design 
 

1. Describe and apply the steps of the concept development phase on the design process, 
including: 

a. Establish a project objective statement as a framework for the project. 
b. Identify customer needs, develop target specifications that assure meeting the 

needs, and determine test criteria and procedures to determine whether the 
specifications are met. 

c. Generate multiple concepts for meeting the design objectives, and use a 
structured process to select one or two concepts for further testing. 

d. Test product concepts to further refine the concept selection, create a 
preliminary design of the concept in an assembly drawing, and establish final 
specifications. 

e. Select, build, and test physical and analytical prototypes to answer questions 
about the performance of the concept. 

f. Develop a work breakdown structure and a dependency chart for a design 
project. 

g. Justify a project financially using fundamental engineering economics 
principles and practices. 

2. Demonstrate an understanding and ability to use effective team processes, 
communication, and conflict resolution skills to enhance synergy on a project team. 

3. Working with a project sponsor in a team setting, apply the design process from 
outcome 1 to achieve superior project results, as demonstrated in a semester-end 
project review. 

4. Contribute to the team’s production of professional-quality written reports and oral 
presentations to the various project stakeholders. 

5. Accept, evaluate, and act upon feedback given in design reviews in order to improve 
the final outcome of the project. 

 
A Student Guidebook has been created and modified through the years, which is essentially a 
syllabus for the course.2  The Guidebook contains five sections including: Getting Started, 
Schedule, Assignments and Evaluations, Policies and resources, and Record Book. The 
Guidebook contains about 75 pages making up the first four sections of the Guidebook, plus 100 
pages in the fifth section which are numbered blank pages, using a quad ruled format, which 
make up the Record Book section of the Guidebook. These pages are used by the students to 
record notes for their project as they work on their project over the course of the two semesters. 
The Assignments and Evaluations section of the Guidebook explains the current grading scheme 
used in BYU’s capstone course and provides information so that students can track their grade 
and understand the process and its rationale.  
 
This paper describes some of the attempts we have made over the last decade and a half in 
adjusting our evaluation practices to improve the quality of student learning in our capstone 
class.  It begins with a review of some of the relevant literature, describes our objectives in 
evaluation, presents some of the options we have tried in the last 15 years, and shares 
observations about the effects of the various grading practices.  We believe that these 
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observations provide an important contribution to the ongoing discussion of evaluation of design 
work and the improvement of engineering design education. 
 
Table 3: Specific course outcomes for the second semester of Integrated Product and 
Process Design 
 

1. Describe and apply the steps of the detailed design phase of the design process, 
including: 

a. Develop a product information package containing the detailed 
information necessary for producing the final project, including assembly 
drawings for the final product and subassemblies; part drawings for 
custom parts; purchase information for vendor supplied parts; schematic, 
piping and/or wiring diagrams for electrical, pneumatic, or hydraulic 
systems; block and/or logic diagrams for software systems; and similar 
materials necessary for unique projects. 

b. Develop and carry out statistically-based experimental plans for 
determining the values of critical design parameters, using focused 
physical or focused analytical prototypes. 

c. Perform a basic FMEA analysis to identify critical risks that should be 
addressed in a project. 

d. Manage the complexity of the detailed design phase through the use of a 
Work Breakdown Structure and project schedule based on that structure. 

e. Create a final prototype that reflects, to the extent possible, the product 
information package.   

f. Perform and document acceptance tests that determine how well the final 
prototype meets the final specifications developed in the concept 
development phase. 

2. Check an engineering drawing, identify weaknesses, and recommend changes to 
bring the drawing up to professional standards. 

3. Describe the fundamental principles of contract law. 
4. Describe the protections, limitations, and methods for using different means of 

protecting ideas: trademarks, copyrights, patents, and trade secrets. 
5. Working with a project sponsor in a team setting, apply the design process from 

Outcome 1 to achieve a superior project outcome, as demonstrated in a final 
project review. 

6. Contribute to the team’s production of professional-quality written reports and oral 
presentations to the various project stakeholders. 

7. Accept, evaluate, and act upon feedback given in design reviews in order to 
improve the final outcome of the project.  

 
Literature Review 
 
The fundamental principles of assessment involve identifying measurable student outcomes and 
then devising methods to measure how well each student has achieved these outcomes. This 
sounds simple in principle but in practice it is often much more difficult. Using a structured 
design process to develop a new product is often easier than designing a method to accurately 
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and fairly measure how well students have learned principles of a design process and learned 
how to apply them creating a successful, real-life project.  
 
Literature from the field of assessment in Higher Education suggests that frequent assessment 
with informative and “learning-centered” feedback promotes and improves student learning.3  
Principles, methods and recommendations for good assessment that are accepted and used today 
include the actual student performance of the skills they have learned in the context of projects, 
group work, research, and exams.4,5,6  The main challenges that exist are in aligning learning 
outcomes with meaningful and measureable assessment data points that inform student learning, 
help students improve their learning, and enable program improvement.  An additional challenge 
to this is in defining useful rubrics that can be used to assess and judge student performance on 
project, design, writing, or other performance assessments.7,8,9  
 
Bailey and Szabo declare “Rigorously assessing students' design process knowledge is essential 
for understanding how to best create learning environments to facilitate the development of such 
knowledge.  Such assessment is also quite difficult and hence there is a lack of assessment tools 
capable of measuring the design process knowledge of every student in a large college”.28 This 
statement concisely depicts the wide open field of opportunity for engineering educators to 
devise, validate, and publish assessment instruments targeting design skills and knowledge.35, 36   

Some efforts have been made to address this opportunity through the development of 
standardized tests of engineering design skills.10,11,12,13  
 
Nevertheless, standardized approaches to assessing engineering design skills are the exception.  
Engineering and technology education literature on the topic of assessing engineering design 
skills and knowledge parallel what is currently being said for assessment in Higher Education 
generally.  The most common forms of assessment of engineering design skills and knowledge 
cited in the engineering education literature are proposals, design reports, final reports (oral 
and/or written), presentations, competitions, student self-assessments, sponsor/client evaluations, 
status reports, peer evaluations, portfolios, design notebooks, prototypes, expert review by 
faculty or professional engineers, quizzes and exams,14-24 and the judicious development and use 
of rubrics.25-29  There have been mixed successes with these forms of assessments as documented 
in the literature cited.  Furthermore, the pros and cons of some of these assessment methods are 
described by Bailey and Szabo.30 
 
One of the challenges of evaluating student work in team projects is the difficulty of fairly 
evaluating the performance of individual team members.  The course instructors who are expert 
in the subject matter have less knowledge of the individual student performance.  The students 
who have the most knowledge of the differences in performance are the less expert in 
assessment.  Given this dilemma, Kruck and Reif identify five possible methods for evaluating 
individual performance and recommend a mix of a group grade and peer evaluation.31 

 

Various methods used for calculating individual grades from team and individual assessment 
have been summarized in the reviewed literature.32-34  We have tried the most commonly cited 
methods, as will be described in the body of the paper. 
 P
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Our approaches to assessing engineering design skills are of the forms mentioned above.  But 
what have we done to improve these assessments to increase the chances of a better learning and 
evaluation experience?  This article highlights modifications to typical engineering design skills 
assessments in terms of implementation, grading schemes, and motivational apparatus in order to 
improve the likelihood of learner success and the assessment viability of capturing learners’ 
design skills. 
 
Objectives 
 
Evaluations in BYU’s engineering Capstone course are based on individual and team 
performance and project results that meet the project sponsor’s needs. Our assessment method 
strives to evaluate each student and project team fairly and to provide the best possible feedback 
to help students improve in their learning effort and project success.   Three major factors with 
which we have struggled over the years include the need to emphasize the importance of 
individual learning, fairly evaluate the work of the team, and provide fair feedback and grades 
for the individual contributions of the team and its members.  In addition, we have found that the 
mechanics of grading can affect the attitude and performance of the students. 
 
Emphasize importance of individual learning 
 
Capstone is not just a class to complete a sponsored design project. Capstone is a class to learn a 
design process and to learn to apply the design process to a sponsored project. Both aspects of 
learning in the class should be measured by the assessment and grading process. 
 
In developing the outcomes for the course, certain capabilities of the students are described. As 
part of our requirement to educational integrity, we should do our best to evaluate to what degree 
individual students have achieved the desired capabilities, independent of whether the team may 
have demonstrated these capabilities. 

 
 
Fairly evaluate the work of the team 
 
One of the challenges of capstone grading is the need to fairly evaluate the work of each team in 
the class.  Different teams have different projects, with different degrees of difficulty.  They have 
different sponsors, who may provide more or less help on the project.  With all of the variation 
between teams, it can be a challenge to evaluate the work of each team fairly. 
 
In design, as in life, excellence requires going beyond what is “expected”.  Excellence involves 
work that goes beyond the norm, delighting and inspiring those for whom the work is performed. 
Often the customer cannot define in advance what would make the work excellent, but they 
recognize excellent work when they see it. Excellence requires creativity and initiative.  
Excellence is more than just avoiding mistakes; it requires creatively finding ways to exceed the 
expectations of the customer. 
 
Grade fairly team members’ contributions 
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The ability to work effectively in teams is integral to the Capstone course outcomes. The best 
way to measure this ability is to measure the performance of the team on which the students are 
working. All students share responsibility for the performance of the team, so the performance of 
the team must affect the individual’s grade. 
 
In an ideal world, team members would all contribute equally to the project. In a real world, the 
contributions are sometimes unequal. Sometimes a team member decides to do the bare 
minimum to get by. Other times a team member decides to go beyond the typical team 
performance to ensure a successful outcome. In both cases, the team evaluation should be 
adjusted when assigned to an individual. A team member should not be able to get an excellent 
grade by freeloading just because he or she may be part of an excellent team. 
 
 
Grading Mechanics 
 
Students should be able to tell at any point in the semester how well they are doing in the class. 
Further, heroic effort at the end of the semester should not make up for lackluster effort at the 
beginning of the semester. The grades should be cumulative, with early grades combining to give 
a final grade. 
 
The idea of giving periodic grades throughout the semester is not universally accepted.  Some 
stakeholders argue that the final result is all that matters in a design context, and that the final 
grade should be based solely on the final design results.  We believe that the final results are 
important, but so is the work leading to the final results.  By evaluating the work throughout the 
project, we encourage consistent, high-quality work and the development of increasing 
competence in our students. 
 
Students, coaches, and instructors should be able to understand the grading algorithm and the 
effect of individual scores assigned. Once the individual scores are assigned, there should be no 
surprises in the final grade received. Combining individual and team grades fairly will require 
some complexity, but the complexity should be managed as well as possible. 
 
Identifying Appropriate Evaluators 
 
It is important to identify appropriate evaluators for completing the evaluation.  The evaluators 
should be chosen to be those who have the most understanding, and ideally, the least bias 
concerning the learning obtained and work performed by individuals and teams.  In general, this 
means that there will likely be different evaluators for different aspects of the capstone 
experience. 
 
Because the instructors see the learning of all of the students in the class, they are best equipped 
to ensure that individual learning grades are fairly allocated. 
 
Because coaches are intimately aware of their team’s activities, they can effectively assign credit 
for how well the activities of the team match the needs of the project. 
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Coaches generally have experience with a wide variety of teams, and are well-equipped to 
evaluate the performance of individual team members in this context. Peer team members 
generally have good knowledge of the contributions of the other team members, because they 
have worked the most closely with them. Together, evaluations by coaches and peers should be 
able to fairly evaluate individual team member’s contributions. 
 
Instructors see the broad range of projects, and are thus well-equipped to evaluate the relative 
performance of the different teams. Coaches of other teams can compare the resulting work of 
the team being evaluated with the work of their own team, and are thus in a good position to 
evaluate relative team performance as well. 
 
Options 
 
Since our capstone course at BYU was created more than two decades ago, a number of different 
grading schemes have been tried.  Each has demonstrated strengths and weaknesses, and minor 
refinements to each of the fundamentally different schemes have been tested from year to year.  
In reviewing all of the evaluation schemes that we have explored, they can be largely classified 
into three schemes: The dominant project grade scheme, the team grade plus individual grade 
scheme, and the individual grade plus multiplier on team grade scheme.  Each of these general 
schemes is described below. 
 
Dominant project grade 
 
In the dominant project grade scheme, the effect of the teamwork on the project dominates the 
student’s grade.  Typically about 2/3 of the grade comes from the project, and 1/3 comes from 
individually evaluated assignments and tests.  Generally, the 2/3 of the grade on the project is 
assigned by the coach, since the coach is most familiar with the student’s individual work on the 
project. 
 
In this scheme, the coach assigns each team member an individual project grade.  The course 
instructors discuss their perceptions of the overall team performance, but the coach has the 
freedom to assign grades irrespective of the instructors’ observations. 
 
In the dominant project grade model, feedback is given on the project deliverables (such as 
reports, drawing packages, analysis results, etc.), but there is no formal calculation of the 
semester grade based on the deliverable grades.   This decision was made because overall 
performance on the project, rather than work on individual components of the project, is 
considered to be the key aspect of this grading scheme. 
 
 
 
 
 
 
 P

age 25.590.9



Table 4: Representative grading scheme for a semester under the dominant project grade 
model 

Item Evaluator Weighting 
Participation  Instructors and Reviewers 5% 
Exams (2 exams equally 
weighted)  

Instructors 10% 

Early Design Exercise  Instructors 4% 
Self-Education (12 
documented hours required)  

Self-evaluated (completed 
or not) 

6% 

Progress Reports (5 reports 
equally weighted)  

Instructors 10% 

Mid-term team and project 
performance  

Project Coach 20% 

End-of-semester team and 
project performance 

Project Coach 45% 

 
The dominant project grade model puts the responsibility for assigning most of the student’s 
grade on the project coach.  In some respects this is desirable, as the coach is most familiar with 
the team member’s individual work.  However, the coach is less familiar with the work being 
done in all of the project teams.  This makes it difficult to assure grading consistency throughout 
all of the teams that makeup the class.  In addition, the coach faces a conflict of interest, as he or 
she must be both an advocate for the team and an evaluator of the team’s performance. 
 
Another weakness of this grading model is the lack of an explicit connection between the 
individual’s performance on the team, the team performance on the project, and the individual’s 
grade. 
 
Team grade plus individual grade 
 
In this grading scheme, there are three components that affect an individual student’s grade.  As 
in the dominant project model, there is an individual grade given on learning activities related to 
the class.  However, unlike the dominant project grade model, there is also a specific project 
grade that is assigned to a team and given to all members of the team.  In addition, individual 
grades are assigned by the coach to reflect the individual’s contributions to the project. 
 
In this grading scheme, the results obtained by the team are graded by individuals outside the 
team.  Final project reports are graded by the coaches of three other teams, and final project 
review is graded by the course instructors. 
 
The performance of the team and the individuals on the team are graded by the coach, in the 
form of team and individual process steps. 
 
Table 5: Representative grading scheme for a semester under the team grade plus 
individual grade model 

Item Evaluator Weighting 
Assignments (3 equally Instructors 15% 
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weighted) 
Product and Process 
Development Exam 

Instructors 18% 

Team Process steps Coach 17% 
Individual process steps in 
pursuit of team progress  

Coach 16% 

Semester final report  Three other project coaches 21% 
Semester project review Instructors 12% 

 
The team grade plus individual grade model addresses some of the weaknesses of the dominant 
project grade model.  It contains an explicit grade element for the individual’s contribution to the 
team.  It uses other project coaches as well as the class instructors to assign part of the team 
project grade.  It provides explicit evaluation of key project deliverables.  In our experience, this 
model greatly increases the reliability of the resulting grades. 
 
Nevertheless, there are two major weaknesses of this grading model.  First, the individual project 
grade is assigned solely by the coach.  This is of concern because the coach may be less aware of 
the individual student’s performance than the student’s fellow team members.  It is possible for 
students to fool the coach by looking better than they really are.  
 
The second major weakness of this model is that it allows a student to earn an undeserved grade 
by taking advantage of the work of other team members.  Consider a student who works very 
hard on the assignments and exam, earning 100% on these items.  Suppose the team does very 
well on the team process steps, final report, and project review, earning 100% on these items. 
Finally, suppose a student earns only 50% on the individual process steps, which is a failing 
grade in this area.  Such a student would receive a grade of 94%, or an A in the class, even while 
failing in their contribution to the team’s success.  In our opinion, a team member who is making 
only marginal contributions to the team should not receive full credit for the team’s performance. 
 
Individual grade plus multiplier on team grade 
 
This grading scheme is closely related to the Goldfinch method.34 It can be considered an 
extension of the team grade plus individual grade scheme.  As in all of our grading schemes, a 
fraction of the grade is based upon the student’s performance in individual learning.  As in the 
dominant project grade scheme, part of the grade is based on the coach’s assessment of the 
overall performance of the team.  As in the team grade plus individual grade scheme, other 
coaches evaluate the team’s final report and assign a grade, and the instructors assign a semester 
project review grade. 
 
However, in this scheme, rather than assigning an individual grade for team performance, the 
coach assigns an individual contribution multiplier that describes the performance of the 
individual student relative to the norm of the team.  If the student is making higher than average 
contributions, the multiplier is greater than 1.0.  If the student is making lower than average 
contributions, the multiplier is less than 1.0.  The individual grade for team performance is then 
calculated as the product of the individual contribution multiplier and the team performance 
grade.  
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This scheme addresses the two major weaknesses of the team grade plus individual grade model.  
The evaluation of the individual’s contribution to the team is equally weighted between the 
project coach and the peer team members.  This gives both a say in the individual contribution, 
and requires both types of evaluators to agree to make a strong difference in the individual’s 
grade.  In addition, this model prevents a minimally-involved team member from benefiting from 
the strong work of the team. This scheme also tends to foster more communication between 
coaches and their team members which can enhance feedback and learning in how to apply the 
design process to a meaningful project.  
 
Consider a student who gets 100% on all assignments and is a member of a team that gets 100% 
on all evaluations, but who receives a 50% evaluation from the coach and team members on the 
individual performance.  Such a student would receive a grade of 66.5%, a D.  In reality, 100% 
scores for a semester in any area are virtually nonexistent.  A student scoring 95% on individual 
assignments, 50% on team contribution, and 95% on team performance would receive a semester 
grade of 63%, a D-.  A student scoring 90% on individual assignments, 50% on team 
contribution, and 90% on team performance would receive a semester grade of 59%, which is a 
failing grade. 
 
The main difficulty with this grading scheme is its complexity.  Students are unfamiliar with the 
concept of an individual contribution multiplier, and are unsure exactly how to assign a number.  
They are much more likely to think in terms of a grade for each individual team member.  
However, allowing students to directly assign a grade for their peers decouples the grade from 
the team performance.  Therefore, we believe this complexity is necessary, although undesirable.  
We continue to look for less complex ways to achieve the desired outcome. 
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Table 6: Representative grading scheme for a semester under the individual grade plus 
multiplier on team grade model 

Item Evaluator  Weighting 
Assignments (3 
equally weighted) 

Instructors  15% 

Product and Process 
Development Exam 

Instructors  18% 

Team Process steps Coach 24%  
Semester final report  Three other project 

coaches 
20%  

Semester project 
review 

Instructors 15%  

Team meeting class 
expectations 

Instructors 8%  

Total team score   67% 
Individual 
contribution 
multiplier 

Coach and teammates 0 to 1.2 (not a 
percentage; average 
for the team must 
be <= 1) 

 

Total student grade   Assignments + 
Exam + 
(Individual 
contribution 
multiplier) * 
(Total team 
score) 

 
In order to help students deal with the complexity of this grading scheme, we email a Microsoft 
Excel spreadsheet to each student.  This spreadsheet includes the coach grade for the team 
process steps, the names of each team member, and protected cells containing the formulas used 
to calculate the grade.  Students can then assign an individual contribution multiplier for each 
team member.  The estimated team contribution score for each team member is displayed.  The 
student can adjust the contribution multiplier scores until a set of scores that is deemed fair by 
the student is achieved. The students and coaches also have access to a description of Capstone 
Evaluation Criteria in the Capstone Guidebook, which they can refer to in assisting them in using 
this evaluation method.  
 
 
Observations 
 
As we have used various evaluation and grading schemes during the course of the capstone 
program, we’ve learned a few things about grading.  Most of our learning is largely anecdotal, 
because we have been unable to find good statistical methods of evaluating our grading systems.  
However, we have made use of extensive interviews with faculty members and students in an 
effort to improve our grading methods.  The following sections describe some of the consistent 
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observations we have made.   We begin with a discussion of some of the continuing challenges, 
followed by a summary of some of the successes we have observed. 
 
Challenges 
 
We have noticed three major challenges with the current grading scheme.  First, there can be 
confusion about what a grade means.  Second, peer evaluations often tend to be strongly 
nonlinear.  Finally, there is an opportunity and sometimes a tendency for students to punitive in 
their peer evaluations. 
 
Confusion about what a grade means 
 
Perhaps not surprisingly, we have had consistent challenges with getting our students to 
understand that an A in capstone requires work that goes beyond just being correct.  The 
assumption that a grade starts at 100 and is marked down for every mistake seems to be strongly 
embedded in the student psyche.  Although we have taken great pains to indicate that mistake-
free performance is consistent with a B+, students continue to ask what they did wrong to get a 
B+.  They also ask what they need to do to get above a B+, hoping that they can get specific 
guidance as to what is wrong that can be fixed.  In spite of our best efforts to teach that grades 
above a B+ require excellence, it is difficult to make this paradigm change. 
 
A second area of confusion is the meaning of the individual contribution multiplier.  Because the 
average of the contribution multipliers for a team must be 1.0, students feel like they must give 
somebody a C in order for other team members to earn an A.  We continually work to reinforce 
with both general statements and specific examples that if the team earns an A, everybody on the 
team can earn an A if the multipliers are 1.0.  By the end of the class, students understand; but at 
the beginning this paradigm is often not clear to the students. 
 
Nonlinearity of peer evaluations 
  
An ongoing challenge is the difficulty of getting students to be honest and perceptive in the 
evaluation of their team members.  Even if they feel that a particular team member is not pulling 
their fair share of the load, student evaluations are likely to be close to 1.0.  If a team member is 
doing virtually nothing, then evaluators will give an extremely low score.  So there is a tendency 
for peer evaluations to fail to give an accurate measure of individual performance. 
 
This challenge is especially pronounced early in the first semester.  During the forming and 
norming stages of team development, students are concerned that frank and honest feedback may 
cause problems with the team, so evaluations are guarded.  By the end of the semester, when the 
consequences of poor individual performance are more obvious, evaluators are likely to give a 
non-performing student a lower score.  But since the final evaluation is only one-third of the total 
contribution evaluation, the non-performing student is likely to get a higher grade than the 
evaluator would like to see.  
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Potential for punitive behavior 
 
When students have a long-term disagreement with their teammates, they can tend to withdraw 
from the team and do their work primarily on an individual basis.  In such cases, their teammates 
may respond punitively and give an extremely low contribution multiplier, such as 0.2.  There is 
a concern that such low multipliers are punitive, rather than fact-based.  They also have the 
potential of creating an atmosphere for grading retaliation. 
 
In an attempt to mitigate these challenges, we have taken at least three distinct steps.  First, we 
have minimized the benefit to the team for giving a low multiplier score.  Because the average of 
the individual multipliers must be no higher than 1.0, low multiplier scores for an individual 
provide extra points that can be used to raise another individual’s scores.  For a five-member 
team, if one member had a multiplier of 0, everybody else could have a multiplier of 1.25.  In 
order to minimize this benefit, we treat multiplier scores lower than 0.8 as if they were 0.8 for 
purposes of calculating the average.  Thus, there is no benefit to team members for giving a 
multiplier lower than 0.8. 
 
A second step we have taken to avoid punitive behavior is to have the coaches work closely with 
their teams.  We try to identify problems and help the team resolve them before evaluation time.  
We also expect that team members will state their concerns vocally before evaluation time.  For 
most cases, this prevents punitive behavior. 
 
A third step we take to avoid punitive behavior is to counsel individually with the student 
evaluator whose score appears punitive.  Students are promised that their evaluations will be 
anonymous, and the anonymity is preserved as far as the coach and teammates are concerned.  
However, in order to give students credit for completing the evaluation, we keep a record of each 
student’s evaluation.  If there appears to be a problem with an evaluation, one of the instructors 
of the course will visit with the student.  During this visit, the reasons for the low evaluation will 
be discussed.  The instructor shares the reason for the concern, and the student shares the reason 
for the low evaluation.  If the evaluation is punitive, the student generally feels uncomfortable 
and will adjust the score.  On the other hand, students who feel they have a reasonable basis for 
giving a low score will likely keep the low score.  As the student has the responsibility for the 
score, we feel it is inappropriate for an instructor to adjust it, so the student score will stand. 
 
Problems with punitive grading tend to show up on rare occasion, occurring in less than 0.5% of 
peer-assigned multiplier scores. 
 
Successes 
 
The current capstone grading scheme is successful overall.  In particular, students are able to 
understand the grading method and calculate their own grade, given the raw data.  In addition, 
we have observed relatively consistent evaluations when different evaluators evaluate the same 
characteristic. 
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Students know the source of their grade 
 
Unlike most classes, it seems like capstone students consistently believe that they should receive 
an A for their work.  If grades are not recorded throughout the semester, receiving a grade lower 
than A comes as quite a shock.  However, when the evaluation items, the evaluators, the 
evaluation criteria, and the grading scheme are known in advance, students are much more 
accepting of the grade they have earned. 
 
In the past, it was common for students to come and argue for a higher grade.  When everything 
is explained, students who come to question their grade are asked to find the raw data (which is 
shared with the students on Blackboard), then run through the calculation themselves to ensure 
everything is calculated correctly.  Once they have done so, they understand the reason for their 
grade, and there is much less dissatisfaction.  
 
Consistency of evaluations 
 
When evaluations are largely subjective, there is always concern that the evaluations are neither 
repeatable nor reliable.  An unplanned but fortuitous outcome of the current grading scheme is 
the fact that every component of an individual’s project grade is evaluated by more than one 
person, and the correlations between the grades can be observed.  In particular, we have observed 
good correlations between the coach and instructor evaluation of overall team performance, the 
various coaches’ reviews of the final report, and the coach and peer evaluations of individual 
students on their team. 
 
Various graders of report 
 
Each team’s final report is graded by three coaches of other teams.  The coaches are given the 
capstone evaluation criteria, and asked to evaluate the reports according to their professional 
judgment. 
 

 
 
Figure 1: Final report scores vs. team number.  Markers indicate scores given by 
evaluators.  The line indicates the average score 

The individual coach grades given to each team are shown in Figure 1.  For many cases, the 
spread in the data is small compared with the differences between the teams.  However, in some 

70.0 
75.0 
80.0 
85.0 
90.0 
95.0 

100.0 

0 5 10 15 20 25 30 35 

R
ep

or
t 

Sc
or

e 

Team Number 

P
age 25.590.16



cases the spread is quite large (see, for example, team 21).  Having this much variation in the 
data is somewhat concerning.   
 
Further investigation of the variation was conducted to see if a correlation exists between 
variation and report grade.  Figure 2 shows the absolute deviation of each report score as a 
function of the average report score.  No correlation appears to be present.  Figure 3 shows the 
standard deviation of the set of report scores as a function of the report score.  Again, no 
correlation appears to be present.  Given this analysis we infer that the variation in the report 
scores is due to the inherent variation in the grading process, and we are comfortable with using 
the grades. 
 

 
 
Figure 2: Absolute deviation of individual score from average score vs. average score. 

 
The score range for the final report averages is fairly narrow, from a low of 83 to a high of 94.  
The lack of average scores higher than 94 is indicative of the graders’ unwillingness to 
automatically give 100 to a report without any errors, as desired in the capstone grading criteria.  
The absence of scores below 83 is thought to be due to two primary effects.  First, a draft version 
of the report was reviewed before the final submission, giving teams an opportunity to avoid the 
most egregious mistakes.  Second, the internal reviewing of the report within the team leads to a 
minimum quality in the reports that is acceptable according to the grading criteria. 
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Figure 3: Standard deviation of scores vs. average score 

Various evaluators of overall team performance 
 
Overall team performance at the end of the semester is measured by the coach in the final team 
process score.  It is also measured by the instructors in the semester project review.  Since both 
scores are intended to be an evaluation of the overall performance of the team, we would hope 
that there is correlation between the independent measurements. 
 
Figure 4 shows the instructor project review grade for each team as a function of the coach final 
team process score.  Note that there is good correlation, and that a linear fit to the data has a 
reasonable R2 value (indicative of a correlation of about 0.4).  It appears that the coaches 
generally rate the team higher than the instructors (about 3 points higher, on average).  Most of 
the coach scores fall in line with the instructor scores, but there are a few cases where the coach 
score is significantly higher than the instructor score. 
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Figure 4: Instructor project review score as a function of final coach evaluation 

If we remove the four data points that are farthest from the trend line in Figure 4, the correlation 
greatly increases as shown in Figure 5.  The fit implies a correlation coefficient of nearly 0.7. 
 

 
Figure 5: Project review score vs. final coach evaluation with outliers removed 

Various graders of individual contribution 
 
The individual’s contribution to the team is evaluated by both teammates and the team coach.  
These constitute independent evaluations, and can be used to assess the validity of the data. 
 
Figure 4 shows the instructor individual contribution multiplier as a function of the peer 
individual contribution multiplier for all students in the class.  Note that most of the scores are 
very close to 1.0, which indicates that in general, students are contributing equally.  There is a 
general trend that shows students who are highly rated by their peers are likely to also be highly 
rated by their coach. 
 
The range of coach scores is higher than the range of peer scores.  This is expected, since the 
peer scores that are reported are the average of multiple evaluations.  Using an average instead of 
the individual scores reduces the range of the data. 
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Figure 6: Coach-assigned ICM vs. peer-assigned ICM 

 
Conclusions 
 
Although it is inherently difficult, robust methods for evaluating design team work can be 
developed. 
 
An evaluation method has been developed at BYU that includes the effects of individual 
learning, team performance, and individual contributions to team performance.  This method 
minimizes the possibility for a student to skate along and obtain a satisfactory grade in the class 
without making significant contributions to the design project work of the team. 
 
As part of the evaluation process, independent evaluations are obtained for each of the major 
contributions to an individual’s grade.  Examination of these independent evaluations indicates 
that the grades are likely to be repeatable and reliable. 
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Appendix 1: 2011-2012 Grading Algorithm 
 
With these principles described in this article in mind, a grading algorithm was created based on 
the three areas of evaluation for the class.  As noted previously, the three areas of evaluation are, 
Individual learning, Team grade, and Individual contribution to the team. The percentage and 
breakdown of each of these areas is noted below:  
 
Area 1 (33%, graded by instructors) Evaluates each student’s individual learning of the materials 
taught in the course and includes evaluation elements as follows: 
 
Item       Weight  Evaluated by 
  Product and Process development Examination 16% Instructors 
  Assignment 1 15% Instructors 
  Assignment 2 5% Instructors  
  Assignment 3 5% Instructors 
  Credit for completing evaluation surveys 2% Yes/No 
 
Area 2 (67%) Evaluates the process each team has been using to pursue the objectives of the 
sponsored project. It also evaluates the results of your team’s efforts. 
 
Item       Weight  Evaluated by 
  Team Process Grade – September 8% Team coach 
  Team Process Grade – October 8% Team coach 
  Team Process Grade – Nov/Dec 8% Team coach 
  Team Shop Performance Grade 4% Shop TAs 
  Team Design Milestones 4% Yes/No 
  Semester Written Project Report 20% 3 other coaches 
  Project review 15% Instructors 
 
Area 3 Evaluates each student’s efforts-as an individual, in pursuit of the team’s progress.  
 
This is an Individual Multiplier (above or below 1.0) multiplied by the Team Grade. It is 
determined by averaging three Peer and Coach Reviews during the semester. 
 
The Final Grade = Individual Learning Grade + (Team Grade X Individual Contribution 
to Team Multiplier)  
 
An individual example and blank Worksheet to enable students to keep track of their scores is 
included in the Guidebook.   
 
This table, included in the guidebook, provides a mapping function of percent scores to letter 
grades so the students can calculate themselves how they are performing. 
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Appendix 2: Capstone Evaluation Criteria 
 
A list of capstone evaluation criteria is also included in the guidebook as follows, to assist the 
students of faculty coaches in their evaluation efforts. 
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Appendix 3: Individual Contribution Materials 
 
The table below, also published in the Guidebook, can also assist as a rubric in helping team 
members and coaches assign an individual multiplier to represent each team member’ 
contribution. 
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The worksheet below shows a sample of a spreadsheet that is given to students to help them 
understand the effects of the ICM scores.  Students can change the ICM score given to each team 
member and see the effect on the Individual contribution score. 
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