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ABSTRACT

Capstone design is a subject taught in a setting where students gather in a team, decide on their own selected topic, and collaborate
with one another to perform a project. A fair assessment is very important in a team project-based capstone design course for students.
Many instructors agree that harmonizing creative evaluation and outcome assessment is hard in capstone design class. In also, it is
not easy to assess students’ individual efforts and achievements fairly in accordance with team-based assessment practices. To resolve
this issue in this paper, we have surveyed various engineering design education methodologies, and have modelled existing evaluating
elements into a modified creative process and outcome assessment framework for team project assessment. In particular, we focused
on a method of fairly assigning credits by combining team based and individual-level assessments. Analyzing students’ achievement
and grade evaluation and verifying the validity of the proposed method was performed.

Keywords: Capstone design, Team-based assessment, Individual-level assessment, Fair assessment
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With the continuous advancement of technology and
increasing pressure for new innovation, new products and
technologies are announced on a day-by-day basis. Today’s
engineering students are asked by the society and industries
to focus on learning to be creative to come up with more
innovative products. These products cannot be developed
singlehandedly but are rather developed from some talented
individuals whom collaboratively worked together to create
such products. Companies are also demanding the release
of talented graduates that combine creativity and
collaboration skills necessary for problem solving at
universities.

After the digital computer technologies led the third wave
since the 1970s, the era of the fourth industrial revolution,
in which information and communication technologies (ICT)
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such as artificial intelligence (Al and Internet of Things
(IoT), big data, and block chains converge on the economy
and society. The term 'Fourth Industrial Revolution' was
mentioned in the World Economic Forum (WEF) in 2016 and
has become a term for a new industrial age based on ICT
(Schwab, 2017). Engineering students who are living in the
4th Industrial Revolution era are demanding more creative
learning ability to develop innovative technologies and
products required by society and corporations. Accordingly,
it is necessary to preemptively respond to rapid changes
in industrial paradigm by concentrating on expanding
promising new technology such as Al and new industry
education and strengthening on-site practical skills such as
capstone design through industry-academia cooperation.

The author has a keen interest in team project-based
engineering design education. In his previous research, he
suggested an assessment method that reflects both the
progress of the team project and the outcome of the project
(Kim, 2014). Building off of this, he has presented his findings
of A Team Project Based Assessment Method for Engineering



Fair Assessment Method Reflecting Individual Ability in Capstone Design Course

Design Course (Kim, 2016). Through these studies, it was
found that the students' performance was influenced more
by the performance of the team to which the individual
belonged than how well the individual was in the team. Efforts
are needed to provide a better account of the individual's
contribution to the team to which the student belongs in
order to fairly evaluate the student. For this purpose, the
author’s short work (Kim, 2018) modified the evaluation
method presented in the previous study (Kim, 2016) and
tried to analyze the new results in accordance with the purpose
of this research. The contents described in this paper include
specific descriptions and analyzes of the ideas mentioned
in (Kim, 2018). This research work implements the improved
evaluation method and presents a concrete analysis result
and the new findings.

This paper is organized as follows: Section 2 describes
related works. The assessment method and the rubrics for
team project based capstone design are presented in Section
3. In Section 4, the course syllabus during a semester is
specifically explained. Section 5 will evaluate the fairness
of the proposed assessment method through student progress
and grades received. Finally a conclusion for this work is
given in Section 6.

[l. Related works

We are interested in the fair evaluation of engineering
capstone design class reflecting creativity assessment. Some
related works on engineering design education and fair
evaluation have been surveyed as following.

An attempt has been made to provide a comprehensive
list of technical and non-technical skills for creative design
engineers including analytical, open—ended problem solving,
team communication skills, and modern tool skills (Mourtous,
2012). Lee et al. presented the operating method of capstone
design courses and an evaluation method of program learning
outcomes, and analyzed its pros and cons. In their works,
individual evaluation was carried out through the regular
interview with the supervisor once a month for the fair grade
evaluation of the capstone design class which is carried out
with 6 credits per year (Lee et al., 2010). On the other hand,
in this research, there is a difference in that the instructor
directly evaluates students’ reports every week.
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The attributes of a design engineer are difficult to measure
and will require the development of special rubrics. Every
instructor wants know how to evaluate whether a design
or other artificial creature is creative. Most educators have
added a common ideation approach called brainstorming to
their engineering design curricula, but brainstorming requires
designers to look inward for inspiration. Ogot and Okudan
presented their experiences with introducing one of
systematic creativity methods, the theory of inventive
problem solving (TRIZ) (Ogot & Okudan, 2006). TRIZ is “a
problem-solving, analysis and forecasting tool derived from
the study of patterns of invention in the global patent
literature” developed by Genrich Altshuller. Ogot et al.
showed that TRIZ made it easier for students to generate
feasible concepts to design problems from the comparison
between TRIZ learned group and TRIZ non-learned group.

Systematic Inventive Thinking (SIT) is a very useful
thinking tool that makes it easier for anyone to learn and
use TRIZ by simplifying TRIZ by Israel’s Roni Horowitz and
Jacob Goldenberg (Horowitz, 2001). Derived from G.
Altshuller’'s TRIZ engineering discipline, SIT is a practical
approach to creativity, innovation and problem solving that
is an attempt to generalize and simplify TRIZ. Focusing not
on what makes inventive solutions different but on what
they share in common is core to SIT’s approach. Horowitz
realizes that TRIZ is helpful, yet needs improvement. He
proposed Subtraction, Task Unification, Multiplication,
Division, and Attribute Dependency as the five Thinking Tools
from TRIZ's 40 innovation principles (Park, 2016). Using
SIT’s five Thinking Tools will help fulfill the creative product
design and problem solving aspect of a capstone design
project. By observing students’ works, we discover that they
are creatively designed using SIT Thinking Tools.

It is very hard not only for the students to perform well
on design engineering projects but also for the instructor
to assess student project work in a fair manner. Platanitis
and Pop-Iliev developed rubrics to evaluate students’ level
of knowledge application for the three core design courses
for 1st, 2nd, and 3rd year students and the capstone design
course for senior students (Platanitis & Pop-Iliev, 2010).
This was developed based on a methodical tool useful in
such evaluation called the ICE (Ideas, Connections, and
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Extensions) theory, to evaluate the extent to which students
have applied their knowledge for various engineering design
projects. Each component of ICE theory represents a level
of application; Ideas presenting the basic understanding of
a concept, Connections meaning the ability of one to relate
knowledge and articulate relationships among the
fundamental elements, and Extensions illustrating the ability
of one to take knowledge and to apply it to a novel situation
(Young & Wilson, 2000). The obtained results indicated
comprehensive rubrics, which could be used as roadmaps
for evaluating engineering design project courses.
Current engineering design curriculum still needs more
work in assessing the design process and the final product
outcome of a team with a balance. Since the creative
engineering design course is carried out by the team, the
evaluation of the grades according to the team formation
in the creative design class has a great influence. Recently,
a mathematical model for team formation was presented and
case studies were applied to this model in the team project
based design class (Kim, J.H. 2018). There are also studies
of the relationship between peer evaluation and
self-assessment in team-based instruction (Hwang, 2016;
Kilpatrick et al., 2001). Based on these related works, we
will study methods of classroom operation and evaluation
for improving capstone design ability of senior students.

Ill. Assessment and Rubrics

1. Modified creative process and outcome based
assessment

A creative process can be considered in the path from
defining a problem to finding a solution in engineering design
education. These creative elements are put into three stages
including brainstorming, building, and demonstration phases.
We have analyzed these creative elements and rearranged
them into the creative process of a team project. Novelty,
fluency, variety, and feasibility are required for the
brainstorming phase; resources, efforts, and cost are needed
for the building phase; and value, usefulness, and design
are necessary for demonstration phase (Kim, 2014). The
ten creativity elements have been modelled in a creative
process and outcome assessment framework called CPOA
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framework (Kim, 2016). Based on his experience teaching
the course in 2014, the author has modified the CPOA
framework for the 2015 semester to combine fluency and
variety required for brainstorming idea formation into just
a variety component, and added a motive component instead
to get rid of meaningless software project costs as shown
in Fig. 1. Particularly in order to evaluate individuals'
competencies more fairly, regardless of team affiliation,
compared to the author’s previous study (Kim, 2016), we
added the individual assessment elements to the final
evaluation stage in Figure 1. The description of individual
assessment elements will be described in detail in Table
4 afterwards. The nine creativity elements are in ellipses
in Fig. 1, written in italics.

brainstorming I feasibility

novelty
variety

1
chosen
idea

L

prototype/prod uct

presentation

7

evaluating H score |
\

resources
efforts

usefulness
design

“individual
assessment

Fig. 1 Modified creative process and outcome assessment
framework in engineering design course

A typical engineering design project consists of 3 to 5
students in a team. Team members brainstorm to find as
many possible ideas they could come up with and evaluate
the feasibility of selected ideas. With the chosen ideas,
students build prototypes or products considering resources,
efforts, and cost in the case of a hardware project and
resources/development tools and efforts in the case of a
software project. In the previous work (Kim, 2016), which
takes into consideration the cost, the cost element has one
Budget trait which has three level rubrics; the Budget item
has “buy materials regardless of necessity” is considered
fair, “secure necessary materials” is considered good, and
“reduce budget by using recyclable materials” is considered
excellent. However, most of the capstone projects were

AL AT A224@ A5, 2019



Fair Assessment Method Reflecting Individual Ability in Capstone Design Course

conducted as software projects, and some hardware project
teams did not make price comparisons when purchasing the
necessary materials on the Internet and did not use recycled
materials. In this research, the cost element was eliminated
in order to exclude the differentiation of the evaluation
according to the nature of the project. However, efforts are
needed to find out the evaluation element of the software
project against the cost of the hardware project.

During the demonstration process, students present their
works. An instructor evaluates the project based on its value,
usefulness, and design. Their score is determined not only
by the creativity process assessment in the brainstorming
and building phase but also by the outcome assessment in
the demonstration phase (Kim, 2016). Final presentation and
peer evaluation are included in the assessment. After the
final presentation and demonstration assessment, students
evaluate other team’s works as well as their individual level
of contribution in their respective teams. Peer evaluation
helps students’ develop their critical thinking abilities while
self-assessment helps them reflect on what they have learned
from the course. When a problem happens in the process

shown in Tables 1, 2 and 3 were used. In other words, the
midterm scores were summed up by the primary traits of
the evaluation elements in Table 1, and the final scores were
summed up by the primary traits in Table 2 and 3. For example,
Feasibility element has three primary traits - possibility,
effectiveness, and sketch - in which each trait is measured
by student notes such as workbook (WB), or mostly by
instructors. The quality of each trait is decided by either
process or outcome according to the trait (Kim, 2016).

Table 4 presents the individual assessment traits and
decision criteria. We use the team project proposal, weekly
individual progress report and self-assessment list as rubric
of individual assessment. The self-assessment list includes
the individual's efforts and responsibilities, evaluations of
other teams, and logical evaluation of other teams. In
particular, the overall success score is evaluated by the
instructor based on contribution from student’s effort and
responsibility.

Table 2 Assessment traits and decision criteria in the
building phase

] Pvaluati . ' . Decisi
of the above framework, feedback to the previous stage pﬁﬁiﬁf Primary Traits | Measuring Tool Creif:iz?l
should be done. Materials WB Outcome
Resources External WB Process
Table 1 Assessment traits and decision criteria in the info/help
brainstorming phase Workload
- - — R WB Process
Evaluating . . Measuring Decision Efforts distribution
Primary Traits . -
Elements Tool Criterion Planning WB Process
Difference WB Process
Novelty Keywords WB Process Table 3 Assessment traits and decision criteria in the
C i t i
omparson to Instructor Outcome demonstration phase
previous works - - .
Evaluating Primarv Traits Measuring Decision
Idea generation WB Process Elements y Tool Criterion
Variety Elimination of WB Process Val Title Instructor Outcome
; alue
unnecessary ideas Contribution Instructor Outcome
Problem findi WB P -
Motive roblem andine rocess Useful Operation Instructor Outcome
N ; B P sefulness —
ecessity W rocess Practicality Instructor Outcome
Possibili P B
ossibility WB rocess . Aesthetics Instructor Outcome
Feasibility Effectiveness WB Process Design ;
Function Instructor Outcome
ketch WB P -
Sketc rocess . Content, Attitude,
Presentation . Instructor Outcome
Delivery

Table 1, Table 2, and Table 3 show the assessment traits
and decision criteria for each team in three phases
respectively. In the team evaluation, the evaluation elements

Journal of Engineering Education Research, 22(2), 2019

Self-assessment is measured in a 3 point Likert scale.
In terms of their effort spent on the project, they have the
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following three options to choose from: I did not put a lot
of effort on the project, I put a lot of effort on the project,
I put much more effort on the project than my group members.
In terms of their individual responsibilities on the project,
they have the following three options to choose from: I did
not fulfill my responsibility on the project, I fulfilled my
responsibility on the project, I fulfilled my responsibility and
helped peer team members on the project.

Table 4 Individual assessment traits and decision criteria

Evaluatin; . . . Decision
& Primary Traits | Measuring Tool .
Elements Criterion
. Idea, Design,
Peer evaluation & Student Outcome
Completeness
Self- Role,
o Student Outcome
assessment Contribution
Overall Subjective Process/
. Instructor
success evaluation Outcome

2. Inspired rubrics from ICE approach

Every coursework requires a fair grading policy to assess
its course work. Midterm and final exams as well as
assignments are general measurements taken to achieve this
goal. However, some engineering design courses in the
ABEEK program have no written exams in South Korea.
Instead, the courses are evaluated solely based on the
student’s team project activity scores. Thus, an effective
assessment method to evaluate team project based capstone
design courses should implement a fair team grading policy.
Every instructor has his or her own marking criteria and
standards. However, many of the grading elements tend to
be very subjective because the rubrics are unclear. Having
clear and descriptive rubrics allows instructors to make the
evaluation process consistent and fair, demonstrate their
expectations from the students taking the course, and help
team teachers or teaching assistants grade student works
in a consistent manner (Kim, 2016). A method called Primary
Trait Analysis (PTA) could be used to assess student
achievements or the portfolio of student achievements that
includes written, oral, assembled, and fabricated work.
Walvoord and Anderson demonstrated how teachers could
use PTA inside their class to make criteria and standards
clear to themselves and to their students (Walvoord &
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Anderson, 1998).

Nine creative elements in Fig. 1 are transformed into
primary traits for team project capstone design course.
Novelty element is composed of three traits; difference,
keywords, and comparison to previous works. Each trait
has three level descriptive statements called rubrics. Each
rubric is inspired from the ICE theory (Young & Wilson,
2000). According to this criterion, the first trait, difference
has “enumerate existing ideas” is considered fair (Ideas
level), “converge existing ideas” is considered good
(Connections level), and “make an innovative idea” is
considered excellent (Extensions level) (Kim, 2016). Newly
introduced Motive element in this work is composed of two
traits: problem finding and necessity. The problem finding
trait represents that “students present problems
subjectively” in the fair level, “students objectively present
problems” in the good level, and “students present problems
and its improvements together” in the excellent level. Other
evaluating elements in Table 1, Table 2, and Table 3 also
have rubrics assigned in three levels.

On the other hand, three additional evaluating elements
such as peer evaluation, self-assessment, and overall
success by subjective evaluation are proposed to assess
the team’s collaborative work. Three level rubrics of the
presentation element has already been described in the
previous work (Kim, 2016). Students did peer evaluation
by first examining other team’s idea, design scheme, and
completion, then choosing a team that they thought did the
best and another team that they thought needed improvement,
and writing down reasons for why they chose those two
respective teams. Based on the quality of the write up, the
students are evaluated for their critical thinking ability in
three levels as outlined above. For the self-assessment
portion, students are evaluated again in three levels based
on individual proposal, their weekly individual progress
reports and self-assessment list. Finally overall success has
each instructor’s subjective evaluation from the beginning
of performed project to the ending phase.

IV. Capstone Design Course Syllabus

Capstone design course is an engineering design class
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that opens in the first semester for 4th year students. In
the first three weeks of class, students learn about the theory
behind capstone design project and are introduced to the
grading criteria of the course. In the very first week, every
student registered in the course writes a 12 week team project
proposal in 1-2 report pages and submits them to the
instructor. The best 25% of the proposals are selected by
the instructor based on their excellence. The remaining 75%
of the students join the selected 25% of the students voluntarily
to form a team of four. Occasionally, depending on the student’s
situation or subject, 3 or 5 students become a team. A 12
week team project will be divided into half (6 weeks). Students
will give out two presentations; one after 6 weeks, and the
final presentation after 12 weeks (Kim, 2016).

For 5 weeks from week 4 to 8, students brainstorm together
by performing each of their assigned tasks within their team.
Additionally, they meet up with the instructor once a week
for help and assistance on the project. Here, students are
required to submit their individual progress reports along
with the team workbooks. The instructor will then examine
the progress of the project by reading each team workbook
during his/her weekly appointment with the students.
Individual progress reports will be used to assess each
individual separately after weekly meeting with each team
is over. There is no TA to help out during class, hence
all the inquiries and assessments were handled by the
instructor (Kim, 2016).

In the beginning of the term project, team workbook and
individual report guideline were given to the students as
guidance to help the students distinguish between team
workbook and individual progress report. Many students are
confused about the differences between these two reports
and we explain them as follows.

Team workbook guideline: It is a weekly report outlining
the purpose and the direction of progress of the project
written collaboratively as a team by based on the each of
the team member’s individual progress reports. Each
workbook should be submitted in 3 to 5 pages in length.
Individual progress report guideline: After everyone is
assigned in their individual tasks during team meeting, each
team member writes his/her own work and role in the team
for a week on their individual progress report. The report
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should be written in 1 to 2 pages (Kim, 2016).

Some students questioned the necessity of individual
reports when they also have team reports to hand in. Both
reports are necessary for the capstone design course,
however, as team reports outline what the team did as a
whole whereas individual reports outline what each individual
did for the project. The importance of individual reports
was emphasized to students as a way to eliminate unfair
grading from being in bad group.

By week 9, every team must present the progress of their
project and what they expect to achieve from the project
to the entire class. Instructor will evaluate the progress of
the team project based on the rubrics given in Section 3.

From week 10 to 14, students will fulfill the project based
on their team workbooks and prepare the final demonstration.
Once a week appointment with the instructor to check up
on the project will continue through these weeks. On week
15, final presentation of the project will be done and everyone
must attend and present their project in teams and
demonstrate the outcome of the project. The same
examination process will occur for the final presentation
as did for mid-presentation in week 9 (Kim, 2016).

During the author’s capstone design course in 2016 spring
semester, 8 team projects were developed. An example of
a prototype developed by a team is an Automatic Sun Visor
(ASV), a tool that automatically operates sun visors based
on the intensity of the light. This prototype is an example
of using the SIT attribute dependency tool. Typical sun visors
are manually operated by human. In this prototype model,
an illuminance sensor detects the intensity of the sunlight,
in which the Arduino determines when it is necessary to
propel the motor and determine the angle in which the sun
should be blocked using a sun visor. The motive for the
project was to prevent the inconvenience of having to
manually switch on the visor when the view of the driver
is obstructed. During the brainstorming stage, the team
members studied automobile companies in Korea to
determine if there were any companies who patented the
idea, and verified that there were no cars released to the
market with an ASV. The prototype is novel in that it uses
an Arduino to operate the visor. In the building phase, the
Arduino was used to turn on the sun visor when the lux
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value of sunlight glared on to the human's eye exceeded
a certain value. When the lux value was lower than the certain
value, then the Arduino was put into a standby mode while
continuously determining the lux value. While in the standby
phase, if the recalculated lux value remains low, then the
sun visor is moved back to its original position. Fig. 2
illustrates the above steps in more detail showing the

completed product attached to the vehicle.

.‘Arduino

motor o7 "B
controller Ng N

Detecting
whether the
sun visor is
open or not

ASV layout

Fig. 2 Key features of completed prototype and attachment
to vehicle

The prototyped ASV automatically calculates the amount
of light and turns on the motor that signals the sun visor
to block incoming light. The adjustment switch has two buttons
to control the position of the sun visor to accommodate for
drivers with varying heights. The sun visor automatically
shuts down when the vehicle is in the shade or when sunlight
is blocked off completely. The prototype senses the darkness
of the outside atmosphere using its luminance sensor, and
prevents the sun visor from malfunctioning due to a sudden
introduction of light coming from oncoming vehicles. The
team who created this prototype overall received an excellent
grade for exceeding the expectations of the nine components
of creativity, the members’ collaborative efforts on creating
the prototype and completing the project on time. However,
the four members of the team each received a different
grade overall (two A+’s, one A’s, and one B+’s) after taking
individual assessment marks into consideration. The midterm
and final scores of A+ students and A and B+ students
were the same because they were team scores. However,
there was a difference between the scores of individual
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assessment marks including weekly personal report,
individual proposal, and self-assessment list. Therefore,
different credits were assigned. Other example cases can
be found in Table 10. This outcome of this team is a good
example how effective the new grading scheme is in fair
assessment of students.

V. Class Survey and Fair Grading Analysis

Student surveys were conducted after the final
presentations of the course in 2014, 2015, and 2016.
Thirty-one students participated in the survey in 2016.
Table 5 shows the means of the survey questions with the
modified CPOA framework based assessment in 2016. Each
answer has 5 scales such as 1(= Strongly Disagree), 2(=
Disagree), 3(= Neutral), 4(= Agree), and 5(= Strongly Agree).
Out of the 10 questions asked, the first 9 questions had
been used to know the response of the students. Question
10 was excluded because it asks for improvements for a
class composed of short subjective comments and opinions.

Students responded with an average score of 3.87 for
Question 6 (the research’s main question) and responded
with a higher score than Question 7 and 8, which asked
whether either the individual or team-oriented components
of the assessment needed to be weighed more heavily or
not. The study also had a lower standard deviation for
Question 6 than Question 7 and 8. This shows that the students
gave a positive feedback for the new assessment method.

Lastly, further comments and opinions regarding the
improvement of future classes have been collected. Some
people enjoyed working as a team in completing a term project.
Others said the project was completed successfully by
effectively cooperating with other team members. One
student suggested that they prefer the old evaluation schema
of being assessed purely based on the outcome of the final
project. However, the old method did not portray fair grading
schema for each individual as it failed to account for the
individual's effort put towards the project.

We additionally give Table 6 comparing the results of the
previous work (Kim, 2016), which had a high proportion of
team evaluation, and Table 5, which is a survey of this work
with an increased proportion of individual evaluations.

o
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Table 5 Statistics for the survey taken after final
presentation

No Question items Avg. Std.

Do you think that the creative engineering design

class is  proceeding as intended? 3.94 1.08

Was phased project progression method
2 | (brainstorming, development, demo 4.00 0.88
presentation) appropriate?

Do vou think that the intermediate presentation
3 |rating scale (novelty, variety, motive, 3.71 0.81
feasibility, presentation) is appropriate?

Do you think the development process
4 | evaluation scale (resource, effort) is 3.71 0.92
appropriate?

Do you think the demo  presentation rating
5 |scale (value, usefulness, design, presentation, | 3.94 0.88
peer evaluation) is appropriate?

Do you think the current way of conducting
personal assessments with individual progress
6 |reports, attendance and self-assessment, and | 3.87 0.94
conducting team evaluations with intermediate
and final presentations is reasonable?

Do you think it is desirable to strengthen the
proportion of individual activity-oriented
evaluations, such as filing personal progress
reports?

3.77 | 097

Do you think it is desirable to strengthen the
8 | weighting of the team-oriented evaluation, such | 3.42 1.01
as team report writing and team presentation?

Do you think the class experience will help you
9 | participate in the post-employment team 3.81 0.93
project?

A comparison of the surveys in Table 6 reveals that the
agreement rate on the evaluation criteria of the proposed
team evaluation and the individual evaluation is improved
through questionnaires 2, 3, 4 and 5. In addition, through
the questionnaire items 6 and 7, we can see that students
preferred the proposed work with an increased proportion
of individual assessment. Therefore, it can be confirmed that
this work is consistent with the research goal of strengthening
the individual assessment while preventing the unreasonable
evaluation structure in which the credit is determined
according to the team to which the student belongs.

According to the results of the survey, the proposed modified
CPOA framework based assessment model showcases an
example of assessing a capstone design course with a focus
in two different criteria: creativity and outcome. The new
model has an individual component to the original assessment
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method, which was based solely on team reports and team
meetings. The new model puts an emphasis on the use of
individual progress reports to take each of the team member’s
individual efforts into account and prevents individuals from
getting a biased mark based on the quality of their group
members. Although this new assessment model requires more
effort and time for the instructor, it is a more objective method
of assessment that increased the satisfaction rate of course
for the instructor as well as the students taking the course.

Table 6 Statistical comparison of survey in 2014 and 2016

No Question items 2014 | 2016
Was phased project progression method
1 | (brainstorming, development, demo 4.09 4.00

presentation) appropriate?

Do you think that the intermediate presentation
2 | rating scale (novelty, variety, motive, 3.63 3.71
feasibility, presentation) is appropriate?

Do you think the development process
3 |evaluation scale (resource, effort) is 3.38 3.71
appropriate?

Do you think the demo presentation rating
4 | scale (value, usefulness, design, presentation, | 3.81 3.94
peer evaluation) is appropriate?

Do you think the current way of conducting
personal assessments with individual progress
5 |reports, attendance and self-assessment, and | 3.78 3.87
conducting team evaluations with intermediate
and final presentations is reasonable?

Do you think it is desirable to strengthen the
proportion of individual activity-oriented

6 . . 3.28 3.77
evaluations, such as filing personal progress
reports?
Do you think it is desirable to strengthen the
reighti f th -ori luati
7 weighting of the team-oriented evaluation, 391 349

such as team report writing and team
presentation?

D. University has a rule for weighing the grading scheme
into four categories: 30% for midterm, 30% for final, 20%
for reports, and 20% for attendance. The study’s suggested
evaluation method has 3 major components: midterm
(team-based), and individual
(individual). To meet the

university's criteria, the individual portion of the grading

(team-based), final
reports/self-assessment

scheme was considered to be the reports category. The

suggested evaluation method excluded attendance as one
of the components because getting marks for attending the
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lecture did not seem to align with the research’s purpose
of introducing a fair evaluation method.

After evaluating class students’ individual grades, the
Cronbach’s alpha coefficient was 0.822 for the 2014 student
class. The correlation matrix for the 3 grading components
is shown in Table 7. As shown in Table 7, the Pearson
correlation coefficient in relation to grade was highest for
the final being 0.830. Report represents individual in Table
7, Table 8, and Table 9.

Table 7 Correlation matrix for 3 grading components in

2014 class
Factor Midterm Final Report Grade
Midterm 1.000 0.573 0.380 0.770
Final 0.573 1.000 0.443 0.830
Individual 0.380 0.443 1.000 0.795
Grade 0.770 0.830 0.795 1.000

For the 2015 class and the 2016 class, the Cronbach’s
alpha coefficient for each was 0.800 and 0.774. The correlation
matrix for the 3 grading components for both years is outlined
in Table 8 and Table 9 respectively. For both years, the
Pearson correlation coefficient in relation to grade was highest
for the individual, at 0.955 and 0.881 respectively. This is
because in 2014 when the suggested CPOA framework was
first introduced, there was a higher weight on the Final portion.
This is perhaps the result of increasing the emphasis for
fair assessment based on effort and outcome.

Table 8 Correlation matrix for 3 grading components in

2015 class
Factor Midterm Final Report Grade
Midterm 1.000 0.438 0.591 0.754
Final 0.438 1.000 0.565 0.699
Individual 0.591 0.565 1.000 0.955
Grade 0.754 0.699 0.955 1.000

In the 2016 class of capstone design course, there are
31 students who conducted 8 team projects. This work shows
the final grade of the students in Table 10 after applying
the newly proposed evaluation method. Students may receive
a poor grade even when the team were in did very well
overall, or they may manage to get an excellent grade even
if their team did not do very well. For example, not every
student in team T1 and team T5 received an A+ grade in
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the end even though the team grade received was an A+. A
student in team T8 managed to pull of an A even when he/she
did not achieve an A grade for the team portion of the assessment.
The results further prove that the proposed evaluation method
1s more effective in evaluating students fairly as the method
not only accounts for the team portion of the grading but also
accounts for the individual portion as well.

Table 9 Correlation matrix for 3 grading components in

2016 class
Factor Midterm Final Report Grade
Midterm 1.000 0.364 0.447 0.716
Final 0.364 1.000 0.254 0.574
Individual 0.447 0.254 1.000 0.881
Grade 0.716 0.574 0.881 1.000

Table 10 Individual grading for each team in 2016 class

Team St#l St#2 St#3 St#4 St#d

T1 A+ A+ A B+

T2 A A B+

T3 A+ A A B+

T4 B+ B+ B+ B+

T5 A+ A+ A+ A+ B
T6 B+ B+ B+ B

T7 A+ A+ A+

T8 A B+ B+ B+

VI. Conclusion

In this research, we presented a new team project based
assessment method, modified Creative Process and Outcome
Assessment (mCPOA), for creative engineering design
course. This work has several features that distinguish itself
other than the previous works. By identifying the nine
creativity assessment elements from surveying many related
works, we categorized them into three phases based on the
project’s progression to propose a new assessment
framework called mCPOA. This framework has special
feature considering not only the outcome assessment of the
project but also the assessment of creative process. Then
we derived the primary traits from each assessment element
and categorized them into three level rubrics: fair, good,
and excellent. Lastly, the proposed assessment method was
implemented into a capstone design course for senior
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students and the effectiveness of the method was surveyed
after final presentation. It also suggested that the class has
been beneficial to students as they will have experienced
working cooperatively in a team. In particular, the proposed
method aims to overcome the limit of students assessed
purely on how well their team performs as opposed to how
well they individually perform. As outlined in Section 5. Class
survey and fair grading analysis, the proposed assessment
method received positive feedback from the students and
had a high Pearson correlation coefficient in the Individual
portion of the grading schema. This verifies that the proposed
assessment method should be used for project-based
capstone design course evaluation.

In the future, it is necessary to shorten the brainstorming
phase by two weeks and to increase the building stage by
two weeks to lead to more robust project implementation.
In also, there is a need to cooperate with other researchers
who instruct similar courses and to apply the proposed team
project based assessment principle to different subjects to
proliferate team project based education. Although the
proposed research has conducted three phases of team
evaluation (brainstorming, development, and demonstration),
it 1s also necessary to consider the study of procedural
evaluation within the stage.

This research was supported by the Daegu University
Research Grant, 2017.
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