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Structuring a System Design Laboratory Course to
Facilitate Outcomes Assessment
ABSTRACT
Assessment and evaluation of student learning are key components of a successful educational
program. An effective assessment process must produce useful data that are both summative and
formative, the former to determine levels to which student outcomes are being attained, and the
latter to identify specific areas for program improvement. In addition, the assessment process
must be efficient, to ensure sustainability. This paper discusses how the junior-level embedded
systems design laboratory course in the electrical and computer engineering programs has been
structured to provide a significant system design experience, while providing opportunities for
students to demonstrate, and for faculty to assess, achievement of six of the eleven student
outcomes defined for their respective programs, including both technical and professional skills.
Several program improvements resulting from this assessment process are also be discussed.

I. Introduction
Assessment and evaluation of student learning are key components of a successful educational
program. As defined by ABET, “student outcomes describe what students are expected to know
and be able to do by the time of graduation.” [1] An effective assessment process must produce
useful data that are both summative and formative, the former to determine levels to which
student outcomes are being attained, and the latter to identify specific areas for program
improvement [2,3]. In addition, the assessment process must be efficient, to ensure sustainability.
The program must identify or create opportunities to assess each of its student outcomes at one
or more points in the program, where students are expected to have attained, and should be able
to demonstrate that outcome at an acceptable level.
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The junior-level embedded systems design laboratory courses [4] in the electrical engineering
(EE) and computer engineering (CPE) programs have been structured to provide a significant
system design experience, while providing opportunities for students to demonstrate, and for
faculty to assess, achievement of six of the eleven student outcomes defined for their respective
programs, including both technical and professional skills. These courses serve as prerequisites
for the senior-level capstone design course. The EE course is ELEC 3040, “Electrical System
Design Lab”, and the CPE course is ELEC 3050, “Embedded System Design Lab”. The system
design projects in these courses require students to apply knowledge gained across the breadth of
earlier courses, including the ability to design systems containing both hardware and software. In
addition, there is significant emphasis on interpersonal skills needed for professional practice,
including written and oral communication, documenting engineering work, multidisciplinary
teamwork, and engineering ethics. The EE and CPE courses were originally taught separately.
However, three years ago it was determined that the two courses had evolved to where they had
similar goals, projects, and outcome assessments. Therefore, the decision was made to combine
these into a single course, in which EE students are normally paired with CPE students in twoperson teams. The separate course listings have been maintained, due to the different prerequisite

structures of the EE and CPE curricula. For example, EE students study control systems while
CPE students study software design and operating systems.
The next section will provide an overview of the course projects. The remaining sections will
discuss how course requirements and assignments have been structured to facilitate program
assessment within the normal course grading process.
II. Course Projects
The course is structured around the design of an embedded system, typically a microcontrollerbased speed controller for a dc motor, pictured in Figure 1. A typical 14-week lab schedule is
given in Figure 2. Each week begins with a common introductory session on Monday, after
which students prepare initial designs in their engineering notebooks. Experiments are conducted
later in the week in lab sections of 12 students, with students working in two-person teams.
Reports and lab notebooks are submitted on Friday.
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Speed
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Computer

Figure 1. Motor speed controller system designed in ELEC 3040/3050

Weel 1. Software development and debugging with CodeWarrior for the MC9SC128 “DragonFly12
Plus” module; EEBOARD platform; engineering documentation.
Weel 2. Parallel inputs/outputs; C program design and debug
Weel 3. System debugging with test instruments (oscilloscope, logic analyzer)
Weel 4. Interrupt setup and service routines in C
Weel 5. Keypad parallel I/O interface
Weel 6. Real-time operation with programmable interval timer and interrupts.
Weel 7. PWM waveform generation with the programmable interval timer or PWM generator.
Weel 8. BJT switch to drive a dc motor
Weel 9. Motor speed sensing: tachometer frequency counting.
Weel 10. Motor speed sensing: tachometer amplitude measurement.
Weel 11. Motor characterization (step response).
Weel 12. Monday session: Engineering ethics. Lab - Work on feedback controller.
Weel 13. Monday session: Effective communication. Lab - Continue work on feedback controller.
Weel 14. Monday session: Course evaluation. Lab - Final Project presentations and demos.
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Figure 2. Project schedule for the 14-week lab course.

Lab projects have been structured to lead students through the system design process, with
design projects and experiments becoming more open-ended as the semester progresses. The first
six weeks are devoted to learning the development environment, system debugging methods, and
embedded system design concepts, such as input/output, interrupts and timers. Over the next four
weeks, the system shown in Figure 1 is developed. The motor is driven by an amplified PWM
signal, with motor speed measured from a tachometer signal. Students experiment with multiple
methods for generating the PWM signal and measuring motor speed, and select what they
determine to be the best approaches for their final design. In the last few weeks, students must
design experiments to characterize their motor, design a feedback controller that meets a set of
given performance constraints, and then demonstrate that their design meets these constraints.
The development environment includes a Freescale MC9S12C32 microcontroller, mounted on
the 40-pin DIP “DragonFly12-Plus” module from EVBPlus.com, Freescale’s CodeWarrior
Integrated Development Environment, USB Background Debug Module, and a Digilent
Electronics Explorer Board (EEBOARD), which integrates breadboard, power supply, and
instrumentation. Each team of two students is provided with a kit that contains their EEBOARD
and related components. Detailed information on the lab projects and development environment,
including weekly presentations, are available on the course web site [4].
III. Assessing Student Outcomes
The eleven student outcomes of the EE and CPE programs are essentially identical, and are
based on ABET Criterion 3 (a)-(k) and the IEEE program criterion [1]. These outcomes are listed
on the two program web sites [5,6]. While the knowledge and skills defined in most of these
outcomes are exercised in this system design lab, the ECE Curriculum and Assessment
Committee (ECAC) determined that achievement of the following five student outcomes should
be effectively demonstrated and assessed in this course.
Outcome 3. Ability to design an electrical component or system (including hardware and
software elements) to meet desired needs.
Outcome 5. Ability to design and conduct experiments to acquire needed data, and to analyze
and interpret data to solve engineering problems.
Outcome 7. Ability to function as a member of a multidisciplinary team in the solution of
engineering problems.
Outcome 8. Proficiency in communicating ideas and information orally and in writing.
Outcome 10. Understanding of ethical responsibility and professional integrity issues related
to the practice of electrical (computer) engineering.
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To ensure that achievement of outcomes by students in both the EE and CPE programs is
adequately assessed and evaluated, all assessment data is separated by major prior to evaluation.
To determine levels of achievement and provide formative assessment data, performance
indicators and rubrics have been designed for each student outcome by the ECAC. These were

based on notes and examples presented in the IDEAL workshop [2] and other resources provided
on the ABET web site [3], and are available on the ECE Department web site [6]. The rubrics for
the outcomes listed above are also included in the Appendix. The ECAC annually identifies one
or more key courses in which selected outcomes should be demonstrated and assessed, and
provides instructors with the rubric forms. For example, this course is the primary place in the
curriculum for assessment of Outcomes 5 and 10, while Outcomes 3, 7 and 8 are also assessed in
the capstone design project course. Instructors apply the rubrics to selected student work and
submit a summary of their assessment data to the ECAC for evaluation and determination of
potential program improvements. The use of ECAC-defined rubrics ensures uniformity of the
assessment process across all courses and instructors.
In the ELEC 3040/3050 course, to maximize the efficiency and effectiveness of the assessment
process, the rubrics for each performance indicator are applied as part of the regular course
grading process, rather than as separate assessment activities, with each student outcome
contributing to the course grade. All rubrics are provided to the students in advance, on the
course web site, so they are aware of the knowledge and skills they are expected to demonstrate,
and how they will be evaluated. After assessment has been completed, the data are summarized
for the ECAC, and the assessment forms are given to the students to provide feedback they can
use for improvement.
When this assessment process was first adopted, it was noted that some outcomes were difficult
to assess from the student work. In many cases, it was difficult to identify where to assess certain
performance indicators, leading to results that were not as meaningful as they should have been.
Consequently, the course instructors made some relatively simple changes to course assignments
to ensure that students provide evidence of achievement of each of the desired performance
indicators. This serves both to facilitate assessment and to emphasize to the students what they
are expected to know and be able to do. The following sections describe how this has been done
in ELEC 3040/3050.
IV. Course assignments and assessment
In the past few years, Auburn University has emphasized writing across the curriculum. Each
program in the university has been required to submit a plan for writing within the major
courses, with students expected to gain writing experience in several formats. To this end, a
variety of writing activities have been designed for ELEC 3040/3050, both to ensure that each
student demonstrates the ability to communicate in writing and that each student provides
evidence of achievement of the other outcomes to be assessed in the course. Since the intent is to
measure individual student achievement of outcomes, all writing assignments are individual,
rather than team efforts, even though projects are done in teams. These assignments, and the
corresponding outcomes assessment activities, are as follows.
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1. Engineering notebook: As might be expected in professional practice, each student is
required to maintain a record of all lab-related activities in an engineering notebook,
including notes, designs, experiments, results, etc. The notebooks are collected every two
weeks and evaluated by graduate teaching assistants, who provide constructive feedback.

2. Bi-weekly memos: Two-page memos summarize each team’s progress over a two-week
period. Every student writes a memo in the first week, allowing the instructors to provide
constructive feedback that can be applied to future writing. Subsequently, the two students
alternate writing the bi-weekly memo for their team.
3. Midterm report: This is a more substantial report that describes some aspect of the system
design project, including the design itself and at least one experiment performed to evaluate
the design. Ideally, we would like students to submit a draft paper and then revise it to
incorporate instructor feedback. Since there is insufficient time at the end of the semester to
do this for the final report, the midterm report is used as an opportunity for instructors to
provide feedback to students on their writing, which they are then expected to incorporate
into their final reports.
4. Final report: With students having received significant instructor feedback on multiple
writing assignments throughout the semester, including the midterm report, the final report is
used for assessment of three student outcomes. In addition to writing skills (Student Outcome
8), students are expected to provide evidence of their ability to design a system (Student
Outcome 3), and to conduct experiments, and analyze and interpret data (Student Outcome
5). Therefore, the final report is graded using the performance indicators and rubrics for these
three outcomes, provided in the Appendix. These rubrics are posted on the course web site,
so students know in advance what is expected. The sum of the scores for all performance
indicators for these three outcomes make up the final report grade, with the results also
submitted to the ECAC as part of the program assessment process. The marked up reports
and all assessment forms are returned to the students as feedback to be used in future work.
The rubrics are applied as follows.
Outcome 8: Writing is assessed using the written communication rubric in the Appendix.
Six performance indicators are assessed by both instructors, who mark the appropriate
columns on the rubric form. These scores determine the writing component of the final
report grade.

•

Outcome 3: System Design Ability. In the midterm and final reports, students must
discuss some element of their system design, addressing the five performance indicators
on the design rubric provided in the Appendix. Specifically, they must discuss how they
created the design to meet the given requirements, how they dealt with constraints, and
how they constructed, tested, and evaluated their design. Informal feedback was provided
on the midterm report. After studying the final report, instructors rate each of the
performance indicators on the design rubric form. These scores determine the design
component of the final report grade.

•

Outcome 5: Experimentation and Data Analysis Abilities. In the midterm and final
reports, students must discuss how they designed and conducted an experiment to
evaluate the design discussed in the first part of the report, present experimental results,
evaluate the results, and provide some conclusions. After reading the final report, the
experimentation rubric form in the Appendix is marked by the instructors, with the scores
determining the experimentation component of the final report grade.
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•

5. Engineering ethics case study paper (Student Outcome 10): This is assigned after a classroom
discussion of engineering ethics, following the last technical presentation of the semester and
while students are working on their final feedback control system designs. Each student is
required to find, read, and prepare a four-page paper on an engineering ethics case study
from an IEEE, ASEE, or similar journal or conference article. In this paper, students are
expected to address the performance indicators on the ethics rubric form in the Appendix,
demonstrating that they can identify an ethical dilemma, explain the dilemma, suggest
possible solutions to the dilemma, and relate the ethical dilemma to the IEEE Code of Ethics.
6. Final Project Presentation (Student Outcome 8): In the final week of the semester, each team
makes an oral presentation of their final design, with students expected to speak equal
amounts of time. The oral communication rubric in the Appendix is marked separately for
each student by two course instructors and a graduate teaching assistant, assessing five
performance indicators. The presentation grade is calculated from the average score on the
three forms, with all forms returned to the students as feedback for future improvement, and
with the results forwarded to the ECAC as part of the program assessment process.
7. Multidisciplinary Teamwork (Student Outcome 7): The teamwork component of the course
grade is based on two evaluations. One is an assessment of teamwork by the graduate
teaching assistants, who observe the teams in their sections from week to week. The second
is a peer and self-evaluation by each student, using the teamwork assessment rubric form in
the Appendix. The scores from these forms are summarized and submitted to the ECAC as
part of the program assessment process.
V. Results and Conclusions
The adoption of the assessment procedure described above has yielded a number of benefits.
First, the assessment process has been made more efficient by incorporating program assessment
into the regular course grading process. Second, the assessment has become more effective by
having students organize their reports to present evidence of achievement of each performance
indicator defined for each student outcome. Providing the rubrics to the students at the beginning
of the course has made them better informed of the skills and knowledge they are expected to
demonstrate. This, in turn, has resulted in improved overall performance in the course.
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For example, assessment data indicated that students were not achieving acceptable levels of
performance on Student Outcome 5. Assessment scores were lower than desired on three of the
four performance indicators: “ability to design experiments”, “ability to analyze data”, and
“ability to interpret data”. We found it common for many students to make such statements as
“the design worked great”, with little or no supporting data. In some cases, experiments were not
being designed to gather appropriate data, whereas in other cases, data was gathered but not
effectively presented, analyzed and/or interpreted. In response to these assessment results, the
instructors decided to allocate time in two lecture sessions to discuss these issues. Then, in the
midterm and final reports, in addition to describing a design, students are now required to

describe an experiment they designed and conducted during their design process, including
presentation, analysis and interpretation of experimental data. To help them understand what was
expected, students were provided the rubrics in the appendix, the performance indicators were
explained, and the students were told that these would be used in grading their reports. The
instructors provide feedback on the midterm report so they can improve both their processes and
their discussions for the final report. As a result, assessment results have improved, indicating
that students are now doing a better job of designing experiments to collect appropriate data to
demonstrate characteristics of a designed system, and are doing better at comparing experimental
data to expected results and/or required performance parameters.
Improved performance has also been observed in written reports, both because of the feedback
that is provided throughout the semester and because students are paying closer attention to the
performance indicators being measured in their writing. This improvement has also been noted
in the writing assessment results for the subsequent senior capstone design course.
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APPENDIX – STUDENT OUTCOMES RUBRICS USED IN ELEC 3040/3050
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