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IMPLEMENTATION AND ASSESSMENT OF A CAPSTONE COURSE
DESIGNED TO ACHIEVE PROGRAM LEARNING OBJECTIVES

Abstract

The view of a capstone course or experience depends on how the education process as whole is
viewed. When an educational program is designed, the learning outcomes can be viewed as the
desired attributes or abilities of the learner at the end of the program. The program itself becomes
the process through which these attributes are achieved. Each designed course in the program is a
sub-process with its learning outcomes incrementally contributing to the final program learning
outcomes. Each course or sub-process is designed for the learner development towards the final
goal state and validated based on the course set criteria or outcomes.

Capstone courses are usually the last phase for development and validation of the program itself.
For this reason capstone courses, concerning the validation aspect, should share the final
validation criteria with the program. As for the development aspect all the efforts during the
course should be driven to close the gap between the learner state entering the course and goal
state at the end of the course as well as the program. In this paper, the implementation and
assessment of this view of a capstone course is studied.

In this study, the course learning objectives are aligned with the Program Educational Objectives
and a set of Performance Indicator is developed. To measure the gaps for each team of students,
in the capstone course, assessment for each Performance Indicator is conducted at the beginning
of the course. These assessments are based on established performance targets and are used as
indicators of the gaps to be closed for each team. These gaps are used to guide and monitor the
activities of each team until the end of the course. At the end of the course, using the same
targets, assessment of each team performance is again conducted to measure the extent of the gap
closure, as well as course and program assessment. To demonstrate the implementation process,
some assessment data and results are discussed.

Introduction

The First National Survey of Senior Seminars and Capstone Courses conducted in 1999
suggested that these courses place the highest priority on culminating learning in the academic
major, and more than 70% require a major project or presentation. While a capstone course was
originally viewed as the "finishing touch" to provide students with the needed information or
skills before graduation®®, another view was developed considering a capstone course as an
opportunity for students to demonstrate that they have achieved the goals for learning established
by their educational institution and major department.* Through careful examination of both
views it is clear that the original view may lead to focusing on knowledge exchange and skills
development with no performance measures and the second view may cause no extra meaningful
knowledge and skills to be developed in the course.’

A recently developed view of the capstone course that allows for the natural integration with the
educational program was presented®, in this view, the program educational outcomes are
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considered as the desired attributes or abilities of the learner at the end of the program. The
program itself is the process through which these attributes are achieved. Each designed course
in the program is a sub-process with its learning outcomes incrementally contributing to the final
program educational outcomes. Each course or sub-process is designed for the learner
development towards the final goal state and validation is conducted based on the course set
criteria or outcomes. While the development is continuous the validation is distributed along the
course duration or increments. In this view, capstone courses are usually the last phase for
development and validation of the program itself. For this reason capstone courses, concerning
the validation aspect, should share the final validation criteria with the program for its
assessment. ®°As for the development aspect all the efforts during the course should be driven to
close the gap between the learner state entering the course and goal state at the end of the course
as well as the program.®

In the following, the integration of a capstone course with a program will be discussed. The
integration of the capstone course with the program was implemented by sharing the same
learning objectives and outcomes.

Capstone Course Implementation

The view of a capstone discussed in refernce® was implemented in an educational program
having following five Program Educational Objectives (PEO’s):

PEO 1: Showing leadership in contributing to the success of their teams

PEO 2: Work collaboratively to synthesize information and formulate, analyze and solve
problems with creative thinking and effective communication.

PEO 3: Make professional decisions with an understanding of their global, economic,
environmental, political and societal implications.

PEO 4: Apply modern tools and methodologies for problem solving, decision making and
design.

PEO 5: Commit to professional and ethical practices, continuous improvement and life-long
learning.

In addition to meeting its own discipline specific outcomes, the program must meet the set of
ABET Student Outcomes shown in Table 1. Simple mapping of the ABET Student Outcomes
and Program Educational Objectives is shown in table 2. From table 2, it is clear that several
outcomes contribute to an educational objective and several educational objectives could be
related to one student outcome.

Guided by the program’s vision during the course design and development phases the Program
Educational Objectives and ABET Student Outcomes are used as the Course Learning
Objectives and Outcomes. All course activities are designed to achieve the program education
objectives and student outcomes based on the needs of each student team in addition to finishing
the capstone project.
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Table 1 - ABET Program Outcomes

An ability to apply knowledge of mathematics, science and engineering.

An ability to design and conduct experiments, as well as to analyze and
interpret data.

An ability to design a system, component, or process to meet desired needs.
An ability to function on multi-disciplinary teams.

An ability to identify, formulate and solve engineering problems.

An understanding of professional and ethical responsibility.

An ability to communicate effectively.

The broad education necessary to understand the impact of engineering
solutions in a global and societal context.

A recognition of the need for, and an ability to engage in life-long learning.

A knowledge of contemporary issues.

K. An ability to use the techniques, skills and modern engineering tools
necessary for engineering practice.
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Table 2 - Mapping between ABET Student Outcomes (SO) and Program Educational Objectives

SO /PEO PEO 1 PEO 2 PEO 3 PEO 4 PEO 5

A X X

B X X

C X X

D X X

E X X

F X X
G X X

H X X
| X
J X X
K X X

During implementation, to achieve the Program Education Objectives, the main drive of the
capstone integration is: to close the gap between the program’s goal and the learners’ state at the
entry point to the course. This gap analysis is formative assessment'? starting at the first week of
the course. The Student Outcomes are assessed using multiple Performance Indicators (PI’s). For
simplicity, in this paper only one P1 is illustrated for each Student Outcome and linked to one
Program Education Objective. These are listed in Table 3-6. To assess each PI, students are
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instructed to develop a plan for executing their selected project and explain the contribution of
each member. Team work is the key PI linked to PEO 1. Students are asked to collaboratively
analyze and formulate the design problem for PI’s linked to PEO 2, but creative thinking is the
P1 provided as the example below. In addition, they elaborate on how and why they arrived at
their decisions and the global, economic, and environmental impacts of these decisions for the
PI’s linked to PEO 3. As for the PI’s for PEO 4 and PEO 5, students are instructed to address
their design approach, the tools, processes, resources, knowledge, and skills needed for project
execution in addition to accounting for all ethical considerations.

The initial reports and presentations for all the teams are assessed during the second week based
on pre established criteria and rubrics. These set of criteria and rubrics are developed for each
Performance Indicators that relates to the one Student Outcomes and linked to one Program
Education Objectives. Rodgers'! provides examples of the analytic rubrics used. The gap for
each team is then determined and planned activities for each team are designed and monitored to
the end of the term.

At the end of the course, using the same targets, criteria, and rubrics the final assessment for each
Performance Indicators is performed for each team. These assessments are performed using
direct assessment methods, based on the final project report and presentation of each team. The
direct assessment methods used include portfolios, performance appraisals and behavioral
observations and the assessment is standardized through the use of the rubrics.

For course/program assessment and continuous improvement the average gain in gap closure for
each linked PEO is estimated. Continuous improvement can be gained on both the course and
program levels. In the following the course assessments methodology and results are discussed.

Capstone Course Assessment Methodology and Results

To achieve the course learning objectives a Performance Index relating to each Performance
Indicators is developed for every team in the class. These Performance Indices are based on
different targets for each performance indicator which relates to the educational objectives at the
time of graduation. These performance indices are developed using the following equation:

Performance Index (PI) = [1- (Target Level -Assessed Level)/ Target Level] x100 (1)

Equation 1 is used to develop the course initial and final Performance Indices for every team in
the class to assess the performance level of each Performance Indicator.

The course Initial Performance Indices (IPI’s) are developed at the beginning of the class.
These indices are indicators for the gap to be closed by each team. These gaps are used to guide
and monitor the activities to the end of the course in order to customize the learning for each
team. The initial class assessment and performance index (IPI) for selected performance
indicators are shown in Table 3 and Table 4 respectively. The final class assessment and
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performance index (FPI) for selected performance indicators are shown in Table 5 and Table 6
respectively.

For assessment and continuous improvement of the course itself the average initial performance
index (IP1) and the average final performance index (FPI) are calculated for each Performance
Indicator as shown in Table 4 and Table 6. The course average initial performance index (IPI)
and the average final performance index (FPI), are used in Figure 1 to graphically demonstrate
the overall class gaps and achievements for each performance indicator.

Table 3 - Capstone Initial Assessment Data

Perceived level is based on the following scale:
. i e IS IS S S A
Low Medium High S S s 3 3 o
— [ — = |+ O
Capstone students demonstrate leadership in developing a 38 (36 |38]38]|37] 37
teamwork plan. (Target Level = 4)
Capstone students demonstrate creative thinking in design. 41| 3.7 |40 | 42|40 | 40
(Target Level = 4.5)
Capstone students understand their professional decision 36 | 35 |37 [35 | 37|36
impacts. (Target Level = 4)
Capstone students apply modern tools for problem solving. 41| 40 |41 (42| 41| 41
(Target Level = 4.5)
Capstone students apply the code of ethics to their project. 35| 34 [35]35|35( 35
(Target Level = 4)
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Table 4 - Capstone Initial Performance Index (IPI)

Perceived Initial Performance Index
— N o <t Lo
E | € E | E|E 2
|8 |8 8|8 |E¢
— [ [ | - O d
Capstone students demonstrate leadership in developing a 95 | 90 95 [ 95| 93 93
teamwork plan. (Target Level = 4)
Capstone students demonstrate creative thinking in design. 90 [ 80 | 88 | 93 | 88 | 88
(Target Level = 4.5)
Capstone students understand their professional decision 90 88 [93 |88 [ 93 | 90
impacts. (Target Level = 4)
Capstone students apply modern tools for problem solving. 92 90 | 92 | 94 | 92 92
(Target Level = 4.5)
Capstone students apply the code of ethics to their project. 88 85 | 88 | 88| 88 | 88
(Target Level = 4)
Table 5 - Capstone Final Assessment Data
Perceived level is based on the following scale:
i ) e IS IS S S 7
Low Medium High s s s S S o
— [ [ [ = O
Capstone students demonstrate leadership in developing a 39 (37 [39]39(38] 38
teamwork plan. (Target Level = 4)
Capstone students demonstrate creative thinking in design. 44 | 40 |43 | 44 |44 | 43
(Target Level =4.5)
Capstone students understand their professional decision 39 [ 37 |39 | 38|39 |38
impacts. (Target Level = 4)
Capstone students apply modern tools for problem solving. 43 | 41 |42 |44 |42 | 42
(Target Level = 4.5)
Capstone students apply the code of ethics to their project. 38| 37 [38]38]|38]|38
(Target Level = 4)
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Table 6 — Capstone Final Performance Index (FPI)

Perceived Final Performance Index <
— o~ ™ <t Lo 5:
IS IS IS S IS 3
8 | 8 8 | 8|8 K
~ [ = | = |- @)
Capstone students demonstrate leadership in developing a 98 | 93 98 [ 98| 95 95
teamwork plan. (Target Level = 4)
Capstone students demonstrate creative thinking in design. 98 89 | 96 | 98 [ 98 96
(Target Level = 4.5)
Capstone students understand their professional decision 98 93 (98 |95 [ 98 95
impacts. (Target Level = 4)
Capstone students apply modern tools for problem solving. 96 92 [ 94 |98 | 94 | 94
(Target Level = 4.5)
Capstone students apply the code of ethics to their project. 95 93 [ 95 | 95 [ 95 95
(Target Level = 4)
Capstone Average .
Initial and Final Performance Index  wure
98
96
94 |
92 H
90 H
88 H
86 H
84
Leadership Creative Thinking Decision Impacts  Problem Solving Ethics

Figure 1 — Capstone Initial and Final Performance Indices
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As shown in Figure 1, by identifying the gap the target areas for improvement and the effort
needed can be focused. For the specific course presented in this work it is clear that some
improvement in each of the PI’s was achieved during the course. From the figure it is also clear
that the highest achievements were in the areas of creative thinking and ethical practices. The
least improvements were in the areas of leadership and problem solving.

To assess the course and program outcomes the mapping of Table 2 was used with the course
final program assessment of Table 6 to estimate the performance index for each ABET Student
outcome as shown in Figure 2. From figure 2, it is clear that the estimated performance index for
each ABET Student outcome is about 95% satisfaction level.

Capstone Average

Outcome Performance Index
120

100

80

60

40

20

Figure 2 — Capstone outcome Performance Indices

To validate the direct assessment of the Performance Indicators a survey was conducted for
graduating seniors in the program. Surveys are considered indirect assessment methods and
should be used in conjunction with direct assessment methods. Alumni survey was not possible
since the implementation has not been in effect for three years yet. The comparison between the
final assessment and the survey results is shown in figure 3.
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Comparison between Senior survey and
. . id Survey
Final Performance Indices L Ep)
120
100
80 H
60
40 H
20 H
0
Leadership Creative Decision Impacts Problem Solving Ethics
Thinking

Figure 3 — Survey vs. Final Performance Indices

As shown in Figure 3 the graduating seniors’ perceived performance is slightly higher than the
direct assessment results except for leadership. This difference is due to the definition of
leadership. For students it usually mean being the “Boss” while in direct assessment of the
course it is defined as service leadership in contributing to the team success.

Conclusion

By sharing the Program Education Objectives and Student Outcomes a capstone course could
have a better integration with the educational program. This integration can be achieved since the
capstone is the final validation of the program. Through successful design, development, and
implementation, a capstone course could play an active role in achieving the program
educational objectives and student outcomes. The key to successful course integration is to
understand the overall program assessment process.

During the course design and development the course the structure should be flexible to include
a variety of activities in addition to the main design projects. These activities should be designed
into an action plan to address the different gaps of learning for each project team. Also, due to
rapid changes in professional practices in terms of knowledge, processes, required skills, and
tools these activities should be updated over time to adjust for the changes in the professional
environment.
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The development of the accurate set of performance gaps for each student team is the key for
successful implementation of an integrated capstone course. It is essential to standardize the
assessment through rubrics. The instructor should observe the ongoing team performance in
order to mentor the students and increase student success. By doing this, the capstone becomes a
more meaningful course for the students’ development.

An integrated capstone course can also provide a meaningful assessment and evaluation for the
program continuous improvement and accreditation. By measuring the achievements for the
performance indicators, the capstone course assessment can be viewed as a significant indicator
for the program assessment, as well. It is a best practice that the set of performance indicators
and rubrics used for identifying the gaps and assessing the course should be developed in
collaboration with the program faculty and stakeholders.
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