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|. Introduction

As an engineering ingtitution, the Accreditation Board for Engineering and Technology (ABET)
has had a powerful influence upon the program devel opment process at the Colorado School of
Mines (CSM) *. Accreditation is one piece of evidence that suggests the quality of CSM’s
engineering programs. All of CSM’s undergraduate engineering programs are ABET accredited.
Current ABET accreditation requirements reflect a philosophical shift that is consistent with the
broader education community 2. In the past, the demonstration of a quality program was
examined through in-direct measures, such as faculty qualifications and student placement
information that are related to student learning. Current requirements place an emphasis upon
the direct demonstration that the program has an impact upon what students know and can do.
Although indirect measures continue to be a portion of the evidential base, they are now
considered to be only a small piece of a broader requirement.

ABET’s shift in assessment emphasis is consistent with recent developmentsin the field of
engineering education®. Curriculum reform in engineering education is underway that stresses
the importance of teamwork, an awareness of both society’ s social and economic concerns, and
an ability to adapt to the changing demands of the next century® > °. Many schools have adapted
their curriculum to include engineering design courses that focus upon the devel opment of these
important skills and that include industrial partners in the curriculum design effort "2 °.

Examination of the literature concerning engineering design provides diverse views of what
engineering design is. For example, the Engineer’s Council for Professional Development has
described design in terms of the processes that are required to optimally “meet a stated
objective” whereas Douglas™ has described design as a creative activity that converts ideas into
“processes for producing new materials.” Pahl and Beitz** consider the integration of technical,
psychological, systematic, and organizational aspects of engineering design as “prerequisites for
the physical realization of solution ideas.” Still others have argued that design includes teamwork
and management skills** 3. Based on these different views of engineering design, Bieniawski**
has argued that design is not typically learned in a classroom setting, but rather through practice.
CSM has responded to this concern in the development of the design stem. The design stem
consists of four courses. freshman EPICS (Engineering Practices Introductory Course Sequence),
sophomore EPICS, Field Session (junior year) and Senior Capstone design. An important
component of each of these courses is the contribution of industrial partners who provide teams
with authentic engineering projects
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Il. Purpose

The purpose of this paper isto describe one of the assessment techniques that are being used in
the evaluation of the Design (EPICS) program at CSM. EPICS comprises the first two required
courses of the design stem. This article describes the process that was used to develop a scoring
rubric for the evaluation of the students' final reports and the results of piloting the effectiveness
of that rubric on the evaluation of the sophomore EPICS course. Brookhart™ has described
scoring rubrics as "descriptive rating scales' that are useful in the evaluation of students’
performances that evolve over an extended period. Over the course of a semester, EPICS
students work in teams to solve problems and develop final reports based on these efforts. Since
the final reports are aresult of students' efforts over an extended period, scoring rubrics are an
appropriate methodology for evaluating the outcome of the students’ performances.

[1. Course Design

Throughout the 15-week courses, Engineering students work in teams of four to six to solve
problems that are solicited from industry and local businesses. Often the projects are humane or
atruistic in nature, such as designing playground equipment for children with disabilities, or
finding new and ingenious designs for solar ovens for African communities. Dealing directly
with their clients, second-year students don't just simulate, but actually take on the professional
roles necessary to implement the design process.

Projects, which are presented to students by industrial partners, reflect the student’ s technical
maturity. All studentsin freshman EPICS work on the same project, which focuses on
conceptual design and application of visualization (graphical) skills. Second-year students are
given a choice from 4 categories of projects covering 12 disciplines, categorized in Figure 1.

Design (EPICS) |1
Project Distribution

Earth Engineering ||Process Engineering| |Product Engineering]| Science & Business

Projects Projects Projects Projects

|| Geology and Geological Chemical Engineering & Engineering 1 Chemistry &
Engineering Petroleum Refining Geochemistry
Geophysics Environmental Science 1 Economics and

& Engineering Business

i Mining Metallurgical and || Mathematical and
Engineering Materials Engineering Computer Sciences
Petroleum i Physics
Engineering

Figure 1. Project Categoriesand Distribution of Disciplines for Design (EPICS) |1

The primary focus for these projectsis data acquisition and processing. Student teams have
achieved national attention (NBC featured our playground equipment for children with
disabilities) and national awards for excellence in design (such as, ASEE competition winners
several yearsin arow).
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Mentored by multi-disciplinary faculty, students experience supervision, management, coaching
and consulting as they take on the challenge of finding solutions to open-ended problems.
EPICS faculty members are paired with other faculty members so that each pair consists of a
technical expert (e.g., scientists or engineers) and a communications expert (e.g., English and
communications instructors). Each EPICS mentor directs four to five teams (20 to 25 students)
and serves the teams as a technical, communication, and teamwork consultant. Although each
faculty member within a pairing assists different student teams, the existence of the pairings
provides each instructor with a resource concerning the portion of the course that extends beyond
his/her own expertise. In sophomore EPICS, the instructional team may or may not include a
communications expert depending on the availability of staff. Both EPICS courses conclude
with the students submitting a written report that describes and supports the team solution to the
respective problem.

IV. Rubric Development

In order to evaluate the quality of the students' final written reports, a scoring rubric (i.e., scoring
method) was developed. The original rubric was designed by Leydens and Thompson®® to be
consistent with the goals and objectives of the EPICS program. The specific student outcomes
that the rubric was designed to assess are:
1. Theteam’s proficiency in understanding the requirements of an external client.
2. Theteam’s proficiency in designing and justifying a feasible solution for a project.
3. Theteam’s proficiency in applying fundamental numerical analysis techniques that
model atechnical system or product.
4. Theteam'’s proficiency to communicate in writing the technical and economical
feasibility of an engineering strategy.

The analytic scoring rubric was designed to evaluate both technical content (objectives 1, 2 and
3) and the effectiveness of the written communication (objective 4) apparent in the final report.
The content portion of this rubric, which is shown in Table |, was reviewed and revised through
the collaborative efforts of engineers and an assessment specialist and covers the areas of
"audience”, "purpose” and "evidence'. The category of "audience” is designed to address
objective 1: Whether the team identifies who the client is and what the client’sneeds are. Thisis
considered an initial and essential step in industry when working with an external client. The
second category, "purpose’, examines the extent to which the teams develop and justify a
feasible solution to the given problem (i.e., objective 2). The "evidence" category addresses the

empirical evidence (i.e., objective 3) that is used to justify the final answer.

The communication portion of this rubric, which is shown in Table Il, was devel oped through
the combined efforts of an English and Communications experts and was reviewed by an
assessment specialist. This portion emphasi zes focus and coherence and assesses objective 4.
"Focus' refers to the organization of the document; "Coherence" emphasizes the details of
written communication (e.g., sentence structure, grammar and spelling).

The scoring rubric was designed to assess a student’ s progress from their freshman year to
graduation. Currently, the rubric is only being used to assess the students' performances in the
EPICS courses; however, there are plans to use the rubric for the evaluation of juniors and
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Tablel. Content Portion of Scoring Rubric Used to Score Final Reportsfrom EPICS Teams

Audience
(CLIENT)

Who isthe client and
what are their needs?
Purpose
(CONCLUSION)

What is the problem and
how can it be solved?

-0-

e Does not identify client
OR
e Clients needs.

e Thedescription of the
nature of the problem to be

solved

AND/OR

e The proposed solution is
missing.

-1-
Needs | mprovement

“Data Dump”
e Specifieswho theclient is
OR
e  Specifieswhat theclient’s
needs are.

e Thenature of the problem to
be solved AND the
proposed solution are
clearly expressed,

BUT

e  Links between the two are
not explicit.

_2-
Adequate

“Partial Synthesis’

e Specifieswho theclient is,
what the client’s needs are,

BUT

e Addresses only asubset of
the client’s needs.

e  Clearly describes the nature
of the problem to be solved,
the proposed solution,

AND

e  Provides some textual
and/or graphical evidence
that supports the proposed
solution.

_3-
M eets Expectationsfor afirst
Draft of a Professional Report

“Synthesis of the Information”

e  Specifieswho theclient is,
what the clients' needs are,

AND

o Clearly addresses all the
clients' needs.

e Clearly describesthe nature
of the problem to be solved,
the proposed solution,

AND

e Usestext and graphicsto
provide a persuasive
argument to adopt the
proposed solution.

Devel opment
(EVIDENCE)

Why is the proposed
solution the ‘best’
solution?

e Document is missing one or
more of the following:
1. Alternative solutions,
2. Major specifications,
AND
3. Information pertinent to
the plan.

e Document identifies each of
the following:
1. Alternative solutions,
2. Major specifications,
AND
3. Information pertinent to
the plan.

e Document shows some links
among the following:

1. Alternative solutions,
2. Major specifications,
AND

3. Information pertinent to

the plan.

e Document provides
persuasive argument that
links the following:

1. Alternative solutions,

2. Magjor specifications,

AND
3. Information pertinent to

the plan.
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Tablell. Written Communication Portion of Scoring Rubric Used to Score Final Reportsfrom EPICS Teams

-0- -1- -2- -3-
Needs I mprovement Adequate M eets Expectationsfor afirst
Draft of a Professional Report
Focus There appears to be no e Organization of documentis | ¢  The document can beeasily | ¢ The document can be easily

(ORGANIZATION)

Isthe organization of the
document effective?

organization of the
document’s contents.

difficult to follow dueto a

combination of the

following:

1. Inadequate transitions

2. Rambling format

3. Insufficient or irrelevant
information

4. Ambiguous graphics

followed. A combination of
the following are apparent

in the document:
1. Basictransitionsare
used,

2. A Structured format is
used,

3. Some supporting
graphics are provided.

followed. A combination of

the following are apparent

in the document:

1. Effectivetransitionsare
used,

2. A professional format is
used,

3. Thegraphicsare
descriptive and clearly
support the document’s

purpose.

Coherence
(CLARITY)

Are the sentences that
comprise the document
clear and effective?

Sentences are difficult to
read and understand.

The document contains
numerous distractionsin
that appear inthe a
combination of the
following forms:
1. Flow inthought
2. Graphical presentations
3. Grammar/

mechanics

The document contains
minimal distractions that
appear in acombination of
the following forms:

1. Flow inthought

2. Graphical presentations
3. Grammar/mechanics

The document is clear and
concise.
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seniorsin the near future. To interpret a group's score without knowledge of ateam’s academic
level could lead to inaccurate and misleading conclusions. The rubric was designed to evaluate
team performance on a progressive basis. Students are anticipated to perform at the two lower
levelsin all categoriesin their freshman year and progress to the top level by their senior year.
An expected future use of this scoring rubric will be to track students progress from the time that
they enter CSM until the time that they graduate.

V. Results

In the academic year of 1998-1999, a random sample of final reports from two cohorts of
sophomore EPICS classes were scored by three faculty members who had been trained in the use
of the final report scoring rubric. The first cohort completed their sophomore EPICS coursein
thefall of 1998 and the second cohort completed their sophomore EPICS course in the spring of
1999. Fourteen reports or 50 percent of the projects were reviewed for the fall and 13 reports or
60 percent of the projects were reviewed for the spring. A mgjor objective of this study wasto
determine whether the developed scoring rubric would provide information that could be used
for the following purposes:

1. To measure the performance of students,

2. Toidentify factors that influence student performance, and

3. Torecommend changes for curriculum improvement.

A total score for each report was determined by summing the resultant scores across the rubric
categories. The maximum possible total score was 15. In order to ensure reliability, three
evaluatorsindividually scored a random sample of five (5) reports. Out of the total score of 15,
discrepancies among the evaluators ranged from 1 to 2 points with an average of 1.2 points. This
suggests that the amount of error in ateam's score that was attributable to the given evaluator
ranged from 6% t013% with an average error of 7%. The evaluators then split up the remaining
reports for review by asingle evaluator.

The distribution of total scoresindicated a difference between the performance of the spring and
fall courses. Based on results presented in
Figure 2, students who completed EPICS
in the fall semester performed better than
did the students who completed this same
course the next spring. The average total
score for the fall was 9.6 whereas the
average total score for the spring was 7.4.
Across both cohorts, the overall average
total score was 8.6.
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In order to determine whether the average
score for the fall and spring cohorts were 5 6 7 8 9 10 11 12 13 14 15

. .. . Total Score
significantly different, a Student t-test was ,
completed.  The results of the t-test Figure 2: Number of Final Reports per Total Score Based on

confirm that the difference was the Proposed Rubric.
statistically significant for o =.1 (t=2.10, p =.05).

9'819'G abed



Determination that the spring cohort performed at a lower level than did the fall cohort raised
concerns that stimulated further analysis. Four factors had the potential of impacting upon these
results: 1) Curriculum, 2) Students, 3) Mentors and 4) Projects.

Since the curriculum remained constant throughout the academic year, it was unlikely to have
been an influencing factor. All sophomore students are required to complete the EPICS course
in their sophomore year and the sophomore class is approximately equally distributed across the
two terms. Students typically select the semester in which they will complete EPICS based on
when this course best fitsinto their schedule. Since schedules very greatly among students, it is
unlikely that the population of students who complete EPICS in the fall were academically
different from the population of students who complete EPICS in the spring.

Faculty for the fall included 10 technical mentors and 3 communications mentors. Eight of the
mentors had previous experience in the program. In the spring, faculty included 9 technical and
3 communications mentors. Seven of the spring mentors had previous experience. The
similarity in the composition of these groups suggests that the composition of faculty was
unlikely to have had an impact on results.

Another potential influencing factor is the nature of the projects that were completed during the
semesters of interest. The fall semester consisted of 12 sections and 27 projects and the spring
semester consisted of 11 sections and 19 projects. The projects for both semesters were solicited
from industry, government and the local communities. These projects fell into the categories
shown in Figure 1. Earth, Process, Product and Science and Economics. As suggested by Table
[1l'in thefall, 26.9%, 19.2%, 46.2%, and 7.7% of the projects could be categorized as Earth,
Process, Product and Science and Economics, respectively. The approximate distribution of
students that will eventually complete degrees within each areaisindicated in the middle
column. A comparison of this estimate with the available fall projects indicates an almost ideal
distribution of projects. In the spring, the bulk of the projects fell into the categories of Earth
(47.6%) and Product (42.9%). Additionally, there were no projects availablein Science and
Economics. Although approximately 10% of the students will eventually major in Science and
Economics, in the spring semester there were no Science and Economics projects from which to
select. In other words, the spring semester students were limited by what projects were available
and had very little opportunity to select a project that was of interest to them.

Tablelll
Distribution of Project for EPIC251 during the 1998/1999 Academic Y ear
Fall Students Spring
Earth 7 projects (26.9%) 17.2% | 10 projects (47.6%)
Process 5 projects (19.2%) 25.2% | 2 projects (9.5%)
Product 12 projects (46.2%) 38.1% | 9projects (42.9%)
Scienceand Economics | 2 projects (7.7%) 10.3% | O projects (0.0%)

Changes necessary to improve the curriculum rely on the results of the assessment method. With
respect to the selection of an assessment method, Prus and Johnson®® suggest that “one overall
truism applies: good method choices produce results useful for program enhancement and poor
method choices are detrimental to the process.” They also suggest that benefits to the program
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be measured in terms of direction (relevance), accuracy, and utility (functions that evaluate and
improve). Benefits to the EPICS program are characterized in this study as the method’ s ability
to identify both the successes and the improvements that need to be made to the EPICS program.
Through the use of a scoring rubric we identified the availability of appropriate projects as a
factor that may impact students' performances in sophomore EPICS. Knowledge of this factor
has stimulated program improvements to be implemented into the curriculum this year.

V1. Conclusions

Knecht'” has argued that improving curriculum is a problem solving exercise and, therefore, is
subject to analysis from an engineering point of view. No matter what processes are assessed,
whether they are chemical facilities or engineering design courses, two major parameters
determine performance: 1) input/output characteristics and 2) factors within the process. This
conceptualization of the assessment process has received further support by Angelo™ who has
argued that it is processes as well asinputs and outputs that serve as a basis for an effective
assessment of academic programs. The ideas of these two scholars are put into action in this
study through the use of a scoring rubric.

The rubric proposed here provides a standardized method for evaluating the quality of teams’
products based on the course learning outcomes. An original expectation of this research was
that sophomore students would perform at approximately a 2" level across the rubric categories.
Thiswould result in atotal score of 10. On average, the students in this study had a total score
of 8.6, slightly lower than anticipated. However, we believe that the use of the scoring rubric
provided a valuable tool for both measuring student performance and stimulating curriculum
improvement.

As aresult of using the proposed scoring rubric, we found that students who completed the
sophomore EPICS course in the spring were performing at alower level than were their peers
who completed the EPICS course in thefall. This stimulated further investigation and the
determination that availability of appropriate projects had an impact upon team performances. In
reaction, corrective measures are now underway to improve the educational experiences of future
EPICS students.

VII. Future Research

Currently, each department and program at CSM isin the process of developing and
implementing an assessment plan (for more information on the CSM Assessment System, see
Moskal®). One challenge that CSM continues to face is the demonstration that students
knowledge changes from the time that they enter CSM until the time that they graduate from
CSM. A typical approach to measuring the impact of a program upon student learning isto
collect baseline data (i.e., information concerning the students knowledge base) when students
enter college and compare this information to data collected when students complete their
degrees. A future goal of thisresearch isto collect the baseline data in freshman EPICS and,
using the proposed scoring rubric, track students' progress throughout the design stem. In other
words, we anticipate using this rubric as a methodology for tracking student progress until the
completion of their degrees.
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