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Abstract— Creating an engineering course to meet the
predefined learning objectives requires an appropriate and
effective assessment tool being able to determine the level of
achievement of the learning objectives. The basic tools that are
usually used for assessing knowledge of students in a course
include homework, quizzes, tests/exams, lab reports, oral
presentations, and projects. These basic tools may help to verify
what students are able to do after taking the course; however,
they are hardly used to determine how well the course
achievement addresses each of the selected learning objectives.
The primary purpose of this research is to develop a computer
tool for quantifying the learning and teaching performance of an
engineering course with respect to the selected learning objectives
as well as identifying necessary actions to be taken for improving
the course quality. For this particular project, the ABET
(Accreditation Board of Engineering and Technology)
Engineering Criteria 2000 (also known as eleven ABET
Engineering Outcomes 3A-K) were used as the learning
objectives.

Index Terms— ABET Engineering Criteria, Engineering
Education, Learning Assessment, Learning Performance,
Teaching Performance.

1. INTRODUCTION

The ABET (Accreditation Board of Engineering and
Technology) Engineering Criteria 2000 (also known as eleven
ABET Engineering Outcomes 3A-K) were introduced in the
middle 1990s and have been used to evaluate all American
engineering programs since then [1]. Since the new ABET
accreditation system was first introduced,
researchers/educators have extensively discussed various
methods to assess Outcomes 3a-3k, as shown in Table 1.
Obviously, the potential of the new system to improve
instruction depends strongly on how well engineering faculty
understand it and achieve its specified outcomes. Usually, the
faculty goes through three major activities, when developing a
course to comply with the ABET engineering criteria,
including: planning, instruction, and assessment/evaluation.
Among these activities, assessment usually plays an important
role in the success of the course; as it determines the level of
achievement of the ABET outcomes, which in turn identifies
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necessary actions to be taken for improving the course quality.
The basic tools that are usually used for assessing knowledge of
students in a course include homework, quizzes, tests/exams,
lab reports, oral presentations, and projects. These basic tools
may help to verify what students are able to do after taking the
course; however, they are hardly used to determine how well
the course achievement addresses each of the selected learning
objectives. The primary purpose of this paper is to describe an
electronic tool that was developed to measure the level of
achievement of the ABET engineering outcomes of a civil
engineering and construction course at California State
University at Long Beach. The paper is organized as follows:
(1) the overall assessment process for an engineering class is
briefly described; (2) the basic concept of quality function
deployment (QFD) is explained; and (3) the development of the
proposed assessment tool using QFD method is presented.
Findings and results are discussed, followed by conclusions.

Table 1. ABET Criterion 3 Outcomes

A. an ability to apply the knowledge of mathematics,
science, and engineering.

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

C. an ability to design a system, component, or
process to meet desired needs.

D. an ability to function on multi-disciplinary teams.

E. an ability to identify, formulate, and solve
engineering problems.

F. 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.

I. a recognition of the need for, and an ability to
engage in lifelong learning.

J.  ademonstrated knowledge of contemporary issues.

K. an ability to use the techniques, skills, and modern
engineering tools necessary for engineering
practice.

T Q

II. ASSESSMENT OF STUDENT LEARNING

The basic starting point for assessing student learning
begins with asking two basic questions: 1.) what should
students know and be able to do at the end of the semester?, and
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2.) what evidence will indicate that they have reached these
goals? The basic tools that are often used for assessing
knowledge in a particular course are the student works such as
homework, quizzes, tests/exams, and projects/labs reports.
These basic tools may help to answer the two basic questions
above, however, they are hardly used to determine how well the
course achievement addresses each of the ABET Criterion 3
outcomes. In addition, the teaching performance of instructor
usually impacts the success of a class and should be taken into
consideration when assessing the class achievement. This leads
to a need for a tool that is designed to assess both teaching and
learning performance with respect to predefined learning
objectives. The assessment tool will help the instructor to
collect and analyze data containing information linking student
expectations (i.e. learning objectives or ABET criteria) to a set
of teaching performance metrics that the instructor can then
measure and control. In this particular study, the student
expectations or learning objectives include the eleven ABET
Engineering Criteria 3A-K (see Table 1), whereas the teaching
performance metrics represent the critical factors that most
affect the instructor’s performance. The teaching performance
factors, based upon results of previous research in [2], include
the following factors:

1. Communication skill: The ability of the instructor to
communicate effectively

2. Student focus: The degree of importance that an instructor
places on student relationships and student satisfaction and
the degree of knowledge about student needs or learning
objectives. Examples: displaying a personal interest in
students and their learning, inspiring students to set and
achieve goals which really challenge them, and involving
students in ‘hands-on’ projects such as research, case studies,
or ‘real life’ activities.

3.Knowledge/Expertise: The instructor’s knowledge or
expertise about the subject being taught. Examples:
Capability of making it clear how each topic fit in the course,
explaining course material clearly and concisely, and relating
course material to real life situations

4. Attitude about enhancing student learning: The degree of
encouragement by the instructor so as to maximize learning of
all students with varying learning styles and abilities.
Examples: finding ways to help students answer their own
questions, forming teams or discussion groups to facilitate
learning, encouraging students to use multiple resources (e.g.
data banks, library holdings, outside experts) to improve
understanding, and providing timely and frequent feedback
on tests, reports, projects, etc. to help students improve.

5. Interaction with students: The degree of effectiveness of
the instructor to interact with students in class or outside of
class (office visits, phone calls, emails, etc.). Examples:
Asking students to share ideas and experiences with others
whose backgrounds and viewpoints differ from their own,
introducing stimulating ideas about the subject, and
stimulating students to intellectual effort beyond that required
by most courses.

6. Teaching performance improvement. The attitude of the
instructor  about  continuously improving teaching
performance. Examples: identifying and evaluating student
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satisfaction and class performance results to take appropriate
actions for improving teaching performance.

These teaching performance factors greatly impact the level
of achievement of the class with respect to the learning
objectives (i.e. ABET outcomes). Additionally, one teaching
performance factor may have a greater impact than others and
the different degrees of impact among the factors, in this study,
are referred to as strengths of relationship between the teaching
performance factors and the learning objectives. These
strengths of relationship should be taken into consideration as
measuring the learning and teaching performance of an
engineering class. An appropriate assessment method for such
a measuring task was selected for this particular study, i.e.
Quality Function Deployment (QFD), which is briefly
presented in the following section.

III. QUALITY FUNCTION DEPLOYMENT (QFD)

QFD, also known as the House of Quality, is defined as a
structured methodology and mathematical tool used to identify
and quantify customers' requirements and translate them into
key critical parameters that in turn help a company to prioritize
actions to improve their product or service to meet customers'
expectations [3]. In an education context, the ‘customers’
represent students, the ‘service’ refers to ‘teaching’ or ‘learning
performance’, and the ‘company’ represents the instructor
teaching the course. In a business context, QFD is used for
translating the ‘voice of customer’ through the various phases
of project or service planning, designing, and manufacturing
into a final product. In this education study, the QFD can be
used for translating the “voice of the student’ through the three
stages of the course planning, teaching, and
assessment/evaluation into the learning objectives. In a typical
QFD application, a company or instructor creates and analyzes
a data matrix linking customer or student needs (i.e. learning
objectives) to a set of service or teaching metrics that the
company or instructor can then measure and control. For
further details of a QFD application, readers are referred to [4]
and [5]. In this study, the basic QFD process has been extracted
and modified to develop the process of measuring the level of
learning performance of an engineering class. Basically, the
assessment process include the following steps: first, the
important weight of each learning objective as well as each
teaching performance factor is determined; next, the actual
level of achievement with respect to each learning objective
and teaching performance factor is collected; then, the strength
of relationships between the learning objectives and teaching
performance factors are established; and finally, the learning
performance index can be calculated. The learning
performance index is defined as the ratio of the actual level of
learning performance to the expected or maximum level of
learning performance. In general, the process of evaluating the
learning performance of a class involves five major steps as
follows:

1. Collect data regarding important weights, the actual status,
and strength of relationships of learning objectives and
teaching performance factors.
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2. Calculate point scores in actual condition for each teaching
performance factor with respect to a particular ABET criterion
or learning objective by using the following formula.

(W; x AW)) + (H; x AH})

Actual S;j = x (IRy)
2
Where:
i=1,2,...,n (number of learning objectives)

j=1,2,...,m (number of teaching performance factors)

Actual S;; = point scores in actual condition for the teaching
performance factor j with respect to the ABET outcome i

AW, = the actual status of ABET outcome i
AH; = the actual status of teaching performance factor j
W; = the normalized weight of importance of ABET outcome i

H; = the normalized weight of importance of teaching
performance factor j

IR;; = the strength of the relationships between teaching
performance factor j and learning objective or ABET outcome
1.

Therefore, the actual level of learning performance of the class
with respect to ABET outcome i is given by

m

Actual LP; = ,zlActual S
J =

for 1I<j<m

Similarly, the actual level of learning performance of the class
with respect to teaching performance factor j is computed as
follows:

n
Actual LP; = ,ZlActual Sij for1<i<n
1 =

The actual level of learning/teaching performance (Actual LP)
for the class is calculated as follows:

n m
Actual LP = 1z_:lActual Lp; = jzzllActual LP; (1)

3. Calculate point scores in maximum (expected) condition for
each teaching performance factor with respect to a particular
ABET criterion or learning objective by using the following
formula.

(W; x MW)) + (H;x MH))

Max S = x (IRy)
2
Where:
i=1,2, ..., n (number of learning objectives)

j=1,2,...,m (number of teaching performance factors)
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Max S;; = point scores in maximum condition for the teaching
performance factor j with respect to the ABET outcome i

MW, = the max status of ABET outcome i
MH; = the max status of teaching performance factor j
W; = the normalized weight of importance of ABET outcome i

H; = the normalized weight of importance of teaching

performance factor j

IR;; = the strength of the relationships between teaching
performance factor j and learning objective or ABET outcome
i.

Therefore, the maximum level of learning performance of the
class with respect to ABET outcome i is given by

m
Max LP; = JZ:]Max Si for1I<j<m

Similarly, the maximum level of learning performance of the
class with respect to teaching performance factor j is computed
as follows:

n
Max LP;= 1Z:]Max Sj for1<i<n

The maximum level of learning/teaching performance (Max
LP) for the class is calculated as follows:

n m
Max LP = iZIMax LP, = jleax LP, )

4. Calculate the overall performance index (PIndex) of the class
using equations (1) and (2) as follows:

PIndex = (Actual LP/Max LP)x100% 3)

In addition, the performance index for a particular learning
objective i (PIndex;) or teaching performance factor j (PIndex;)
can be computed as follows:

PIndex; = (Actual LPy/Max LP;)x100%
PIndex; = (Actual LPj/Max LP;)x100%

for 1I<i<n 4)
for1I<j<m 5)

5. Identify the learning objectives that have low performance
indexes. It is obvious that the desirable learning performance
index should be as close to 100% as possible. Consequently,
the learning or teaching performance factors having lower
performance indexes should be well taken care of for
improvement.

IV. DEVELOPMENT OF THE PROPOSED ASSESSMENT TOOL

The proposed assessment tool was developed through three
steps. First, based upon the QFD concept on how to determine
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the service quality performance of an organization, the
reasoning of logics (or algorithms) for calculating the learning
performance index were established. Second, the data structure
of the QFD model was used to develop the user interface for the
proposed computer assessment tool. Basically, the user will be
prompted to enter the information necessary for calculating the
expected level and the actual level of learning/teaching
performance with respect to the ABET criteria. Finally, the
assessing algorithms and the user interface for the proposed
assessment tool were implemented into a computer platform.
Microsoft Visual Basic 6.0 was used for the research
implementation since it is widely used software programs and
the development of the prototype can be easily beta tested and
demonstrated to users. The proposed assessment tool was
designed to measure the overall performance index of an
engineering class and was named PIndex (Performance Index).
PIndex was used to evaluate learning/teaching performance of
several classes at the Department of Civil Engineering and
Construction Engineering Management at California State
University, Long Beach (CSULB). Below is an example input
and output of PIndex for an engineering class: CE 130 —
Surveying and Mapping at CSULB. The assessment process in
PIndex can be summarized as follows:

First, the instructor is prompted to define the learning
objectives of the class. In this example, ABET Engineering
Criteria A, B, C, D, E, and K were selected (see Figure 1).

PIndex software

PINDEX

@ 2007 Define Learning Objectives

Below are the eleven ABET Outcomes 3A-3k. Flease select all the
ones that apply to your course:

<l

A, an ability to apply the knowledge of mathematics, science, and
engineering.

. an ahility to design and conduct experiments, as well as to analyze
and interpret data.

. an ahility to design a systemn, component, or pracess to meet desired

needs.

an ability to function on multi-disciplinary teams.

< %
o @

T
T o T Mmoo

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 glabal and societal context.

. arecognition of the need far, and an ability to engage in lifelong
learning

. ademonstrated knowledge of conternporary issues.

an ahility to use the technigues, skills, and modern engineeting tools

necessary far engineering practice.
Back

<71 1 71717

P

Check All Un Check

Figure 1. Define Learning Objectives

Second, the data about the importance weights of the
learning objectives as well as the teaching performance factors
are input (see Figures 2 and 3). These importance weights were
reported from students and senior professors. Also, the
strengths of relationship between the teaching performance
factors and the learning objectives which were given by senior
professors are entered.
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Third, the grades of student works (i.e. homework, quizzes,
tests/exams, lab reports, projects) that were averaged as
percentages are entered. Figure 4 shows an example of input
data about the level of achievement of three student works with
respect to the learning objectives A, B, C, D, E, and K, which is
measured as percentages. The zero percentage for learning
objective D indicates that the homework had no relevance with
this learning objective.

PIndex software

PINDEX INPUT DATA

@
2007 [IMPORTANCE RATING OF THE LEARNING DBJECTIVES)

FPlease input the importance rating of the learning objectives:

(Uging a scale of 1 to 10, where 1 represents notimporant' and 10

‘extremely impartant)
Rating Learning Objectives

A_ an ability to apply the knowledge of mathematics, science, and engineering.

B. an ability to desigh and conduct experiments, as well az to analyze and interpret
lata.

C. an ability to design a system, component, of process to mest desired needs.
D an ability to function on multi-disciplinary teams.

E. an ability to idertify, formulate, and solve engineering problems.

K_ an ability to use the techniques, skills, and modem engineering tools necessam
for enginesning practice.

Back Continue

Figure 2. Importance Weights of Learning Objectives

PIndex software
PINDEX INPUT DATA
& 2007 [IMPORTANCE RATING OF THE TEACHING

PERFORMANCE FACTDRS]

Please inputthe importance rating of teaching petformance factors
{using a scale of 1 to 10, where 1 represents nat important' and 10
‘extrernely impaortant’

Teaching Performance Factors

Rating
Communication zkill [ie. the ability of the instiuctor to communicate
effectively]

a7 Student focus [i.e. the degree of importance that an instructor places on
student relationships and student satisfaction and the degree of knowledge
about student needs or leaming objectives]

919| Knowledge/Expertise [ie the instructor's knowledge/expertise about the
subject being taught)

71| Attitude about enhancing student learning [ie. the degree of
encouragement by the instructor so as to maximize leaming of all students with
warping learning styles and abilities]

Interaction (i.e. the degree of effectiveness of the instructor to interact with
students in class or outside of class]

T hil f imp! [i.e. the attitude of the instructar
about continuously improving teaching performance]

Back

Figure 3. Importance Weights of Teaching Performance
Factors
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Finally, the overall learning performance index of the class
can be determined using equations (1), (2), and (3) and is
presented in the assessment report (Figure 9). In the final
assessment report, the learning objectives or teaching
performance factors that have low performance indexes are
displayed so that the instructor is aware of the weakness and
should take appropriate actions for improving quality of future
classes. In addition, the performance index of the class with
respect to each learning objectives (i.e. ABET criteria) as well
as each teaching performance factor can also be computed by
using the equations (4) and (5), respectively, as shown in
Figures 6 and 7. Figure 8 shows the level of achievement of
student works with respect to the learning objectives.
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oy ASSESSMENT RESULTS

PIndex v.s Learning Objectives |

Class Work Performance

Plndex v.s Teaching Perfor

:: A Repaort |

Depattrmet:
Course name:
Semester:
Instructor:

Civil Engineering _Construction Ergr.
DEF 80 - Swrveying Mapping

Sprieg 2007

T H Nguysan

PINDEX INFUT DATA
@ 2007

[STUDENT WORKS: HOMEWORK)

Pleasze enter the averaged grade percentages of homework with respect to leaming objectives
For the learning objectives that are not related to the homewaork, the percentages are zero

Teaching
Performance
Factors

Teaching performance improvement, 79,677 |

Interaction: 80 287 ‘

Attitude about enhancing student ; 73.74% |

Fnowledge/E spertise lzarning: 84.887% |

Student focus: B0.16% |

Commurication skill 80.23% ‘

Stuclent work Learning Objectives that were addressed in the student work,
A B. C. D. E. K.

Homework # 1 90% | 0% | 90% [ 20% [ 87% | 89%

Homework # 2 0% 90% | 88% | 85% | 89% | 90%

Homework # 3 S0% | BOx | &7 | 87% | 88% | 90%

Performance Index (%)

Restart | Back | Exi

Save to file Print

Figure 6. PIndex v.s. Teaching Performance Factors

Back Continue

PIndex software [E3)

PINDEX
® 2007

ASSESSMENT RESULTS

Figure 4. Input Data for Student Works

Plndex v.s Learning Ohjectives | |

Class Work Performance |

PIndex v.s Teaching Performance |

Assessment Report |

Department:
Course name:

Semester:
Instractar:

Chvil Engineering _Construction Engr
R 80 - Surveying Mapping
Spring 2007

T H Nguyen

S ASSESSMENT RESULTS

‘ Plndex v.s Learning Objectives |

Class Work Performance |

PIndex v.s Teaching Perfurmance|

Assessment Report |

Learning g

BE.E4% |

Department.  Chul Engineering Cownsiruction Engr
Course name:  ©8F80 - Surveving Mapping
Semester: Spring 2007
Instructor: T H Nguyen
Learning B517% |
ObjectivesE. 85.05% |
D. 86.55% |
C 83.59%
B. 83.81%
A 54.92% |

Performance Index (%)

Save to file Print

Hestart | Back ‘ Exit |

Figure 5. PIndex v.s. Learning Objectives
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ObjectivesE.
D. 39.08% ‘

89.43% |

C 89 85% |
B. 7.B5%
A, B7.85%

Class Work Performance (%)

Save to file Print

Restart | Back | E xit |

Figure 7. Class Work PIndex v.s. Learning Objectives

V. CONCLUSION

The assessment of an engineering course with respect to
student expectations or learning objectives is a necessary
activity for enhancing the course quality. While traditional
assessment tools such as homework, quizzes, tests, exams, lab
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reports, oral presentations, and projects may be used as
evidences of the overall student achievements with respect to
the learning objectives, they do not address the level of
performance of each individual learning objective as well as the
instructor’s teaching performance. This study made use of
ABET Engineering 3A-K Outcomes as learning objectives of
an engineering class to be measured. Also, the most critical
factors that impact teaching performance of an instructor were
evaluated together with the learning objectives. These factors
include communication skill, student focus,
knowledge/expertise, attitude about enhancing student
learning, interaction with students, and teaching performance
improvement. In this paper, an electronic assessment tool was
developed in the computer platform of Microsoft Visual Basic
6.0. The tool can be used to measure the learning performance
index as the level of the achievement with respect to the
learning objectives of an engineering class, which indicate the
strength as well as the weakness of the class so that appropriate
actions will be taken for enhancing quality of future classes.
The assessment method employs the concept of quality
function deployment (QFD), a technique to measure the
customer service quality of an organization, and applies it to
academia by linking students expectations (i.e. learning
objectives) and teaching performance of an instructor. The
assessment method can be used as a template for developing
similar tools to measure learning and teaching performance of
any course other than engineering courses.
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PINDEX
& 2007 ASSESSMENT REFORT

PIndex v.s Learning Objectives ‘ Class Work Performance |
Pindex v.s Teaching Performance ‘ ‘ Assessment Report |

Depattment Civil Enginesring _Construchion Engr
Course natme:  OF-F80 - Sumveying Mapping
Semester Spring 2007

Instructot: T H Nguyen

Learning Objectives:

Overall Performance Index of the Class = 81.17%

Thus performance mdex mdicates the level of acluevement of the class with
respect to the leaming objectrves. It 15 obvious that the desirable learning
performance index should be as close to 100%% as possible
Recommendations:

The following learning objectives have low performance indexes and need to have -
appropriate actions for improvement

. an ability to design a system, component, or process to meet desired needs. [83.59 % |
E. an ability to design and conduct experiments, as well az to analyze and interpret data,
[63.81%)

The following teaching performance factors have low perfomance indexes and need to
have appropriate actions for improvement

T4. Attitude about enhancing student learming [79.74 % |

TE. Tesching perfformance impraverment [79.67 % |

Save to file Print Restart ‘ Back | Exit |

Figure 8. Final Assessment Report
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