
 

ISSN 2231-3842 (Print)        ISSN 2277-8691 (Online) 

 

 

INTERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY (Volume 6 , Issue 1)  | 
 

Role of Engineering Design in Enhancing ABET 

Outcomes of Engineering Programs 

at Taif University

Al-Badrawy A. Abo Al-Nasr 

Department of Mechanical Engineering, College of Engineering,  

Taif University,  
Taif, SAUDI ARABIA 

albadrawye@gmail.com 
 

Abstract-Engineering Design is an introductory course in the 

curriculumof all engineering disciplines in many of engineering 

programs worldwide. The objective of this course is to enhance 
students’ soft skills through understanding of the learning 
materials and to motivate students to improve self-learning 
skills.ProgramOutcomes (POs) are strong indicators for their 
ability to understand curriculum content materials at both 
levels;Course and Program. Active Learning Approaches (ALAs) 
are used as a learning culture for this course.Systematic 
assessment of student achievement in engineering design is an 

important part of program curriculum and vital to accreditation 
of engineering programs. Direct and indirect measures assess 
and evaluate the level of outcomes attainment throughout the 
course of the educational process. These relate to the skills, 
knowledge, and behaviors that students acquire through their 
progress in the program.One of the main vehicles of this study is 
survey that is conducted to students regarding the level of their 
satisfaction in achieving Course Learning Outcomes (CLOs). 

Analysis of the survey results along with the students’ grades will 
be employed as a basis for continuous improvement in teaching 
and learning practices in engineering programs at Taif 
University.The indications are that the students enjoy the course 
and they have become more positive to the gained skills and 
realize their importance. Addition results and discussionsof the 
role played by engineering design in enhancing soft skills, in the 
engineering programs, will be presented. 

Keywords-engineering design; active learning; soft skill; 
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I. INTRODUCTION 

In an effort to maintain and improve the quality of 
engineering education offered by its programs, the College 
of Engineering at Taif University, SA, initiated external 
evaluation conducted by Accreditation Board for 
Engineering and Technology (ABET) [1].Engineering 
programs seek to achieve higher levels of soft and 
professional skills of their graduates through an ongoing 
process involve a periodical assessment and continuous 
improvement process. A well-knownway of ensuring and 
demonstrating the high quality of engineering education is 
through evaluation carried out by accreditation bodies like 
ABET. Internationally, ABET has been considered as one 

of the highly respected bodies that administer this process 
[2,3]. Outcomes assessment process, based on ABET 
Criteria, focuses on what the students learned and what 
they actually can do at the time of graduation. Palomba and 
Banta [4] define outcomes assessment process as: a 
systematic collection, review, and use of information about 
educational programs undertaken for the purpose of 
improving student learning and development. 
Consequently, a continuous improvement process must be 
built and run in place [1]. 

In last decades, Engineering Design was introduced in 
the first year to the curriculum as a required course for all 
engineering programs worldwide. The course was 
introduced basically to enhance students’ soft skills 
through understanding the learning materials and 
motivatingstudents to improve self-learning skills. The 
importance of soft skills in engineering education has been 
raised by faculty and industry. Backlund and Sjunnesson 
[5] argue that engineers’ technical ability is just a small 
part of the skills needed to be successful in practice and 
engineering students are not trained for professional 
cooperation that require e.g. colleagues understanding, 
empathy, and self-criticism. Active Learning 
Approaches(ALAs) was used as a learning culture for this 
course in which incorporates active learning, teams, 
problem solving and quality principles (e.g., continuous 
improvement, engineering, and re-engineering). This style 
is quite different from the styles generally encountered by 
most students.Active learning is defined generally as any 
instructional method that engages students in the learning 
process in which the whole educational process centered 
on the student. It requires students to do meaningful 
learning activities and think about what they are doing [6]. 
While this could include traditional learning activities such 
as homework, in practice, it refers to activities that are 
introduced into the classroom. In general, the core 
elements of active learning are student activities and 
engagement in the whole process. ALAs are often 
contrasted to the traditional educational process where 
information flow, usually, has one way starting from the 
instructor and ending at the students. 
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On the other side, systematic assessment [3] of student 
achievement in engineering design is an important part of 
program curriculum and vital for improving and 
accrediting engineering programs. 

Programs with design distributed along the curriculum 
and with significant numbers of students face special 
challenges in assessing students' design capabilities and 
providing meaningful feedback to improve the design 
learning [7]. 

This paper aims at assessing the role played by 
engineering design in enhancing soft skills in the 
engineering programs at Taif University, SA. A continuous 
improvement process has been developed and appliedto the 
learning process of engineering design course. The paper 
presents the results of an assessment process that supports 
design credits, feedback for improvement of design 
education, and evaluation of program success in design 
education.  

II. CONCEPTS OF ENGINEERING DESIGN 

The goal of engineering design is to learn, practice and 
apply Engineering Method that may be defined as “The use 
of heuristics to cause the best change in a poorly 
understood situation by using the available resources” 
[8].Introducing the engineering design into curricula of 
engineering programs isessential to produce graduates 
prepared to understand and practice engineering design 
skills in entry-level engineering positions in successful 
companies or organizations. The engineering design skills 
can be summarized as: Self-Regulation, Problem Solving, 
Effective Communication,Working in Team, Quality and 
Modeling[5,9,10]. The student should not expect to learn 
much discipline-specific knowledge. Engineering design 
typically comprises activities between the identification of 
technical needs and the delivery of a produced artifact to 
meet these needs. The course materialsare of use to all 
engineering disciplines; thus the studentshould expect to 
focus on the process of problem-solving and to develop 
confidence in his abilities to solve problems.There must be 
a design project in which the students learn, work together 
and share their skills and knowledge in order to achieve 
engineering design goals. Lumsdaine et al [9] have 
identified twelve steps as a part of the engineering design 
process. Davis etal[7]have identified six types of activities 
that comprise the design process.Hence, engineering 
design can be described as a process that engages students 
in a creative effort toward producing a design product that 
meets stated requirements. The designed product may be 
an item, process, or system and this process is always 
iterative to improve design products. 

As mentioned, ALAsare used for learning the 
materials of this course.In the beginning, most students 
find an active learning classroom different; some students 
embrace it immediately; many students try the method 
without really being convinced; a few students find the 
approach disturbing[6]. For resolving such a situation, the 

instructors make more effort to: a) help the skeptic to see 
enough of the rationale and tools to at least be willing to 
try the methods, b) help the willing, but unconvinced, be 
more comfortable with the methods and to value this 
learning culture, and c) help the believers engage their 
classmates in this process [7]. Needless to mention that 
creating an active classroom where none has existed before 
is fairly difficult situation. It is one thing to agree 
philosophically with the research data [7,11] that extol the 
virtues of active learning.It is an entirely different matter to 
integrate active learning into a value structure: changing 
habits learned and enhanced over a lifetime is difficult not 
only for faculty members but also for students. This 
transition is not totally completed and may never be 
complete. This is essential to help both faculty and students 
focus on the important issues and continually remind all 
the participants that our goal is student success in the 
learning process and engineering curriculum. Key design 
skills to be addressed will be identified so those students 
who enter an engineering program will be able to build on 
those competencies as they participate in design activities 
through the remainder of their engineering program [10]. 

Engineering design in College of Engineering at Taif 
University has been offered to support the learning of 
design and assessment processes. The design learning 
domain was defined in three dimensions that are 
fundamental to team-based engineering design: a) design 
process, that includes; defining, performing, and managing 
steps to create and deliver a technological product that 
meets or may exceeds client expectations, b) Teamwork, 
which includes; organizing and managing the activities and 
resources of group of students to achieve results beyond 
what can be done individually, and c) design 
communication,that may also include; managing and 
exchanging information needed to support effective design 
[5]. Students must master these three dimensions to be 
successful in achieving engineering design learning 
outcomes. 

III. LEARNING PYRAMID DIAGRAM 

The schematic draw in Fig. 1illustrates different 
learning modes in learning pyramid [12].Learning pyramid 
argues that more active modalities are better for long-term 
learning: we remember10% of what we read, 20% of what 
we watch and hear, 30% of what we demonstrate…etc., up 
to 90% of what we teach others [2].Certainly, as seen, 
some mental activities are better for learning than others. 
Although the philosophy on which the learning pyramid 
has been built makes sense in most cases; it still faces 
some criticisms [12].  
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Fig. 1.Learning Pyramid (Adapted from National Training Laboratories 
Bethel, Maine, USA) 

These criticisms can be summarized, for example as; it 

provides a general rule that cannot be applied to all of 

learning situations which vary according to the age and 

nature of learners, subject type, learning materials and the 

person who provides the learning process. Despite of 
criticisms directed to the learning pyramid, it still strongly 

exists in the research community and there is no suitable 

and acceptable alternative that may take its place. In active 

learning sessions, all the mentioned modules are applied 

and special attention is given to those at base of the 

pyramid. If we were to draw any conclusion, it would be 

that these methods be thought as a continuous and 

connected chain in opposed to a hierarchy steps. Needless 

to mention that learning is an ongoing process and this will 

not preclude that further learning will take place with more 

direct methods. 

IV. OUTCOMES AND ASSESSMENT 

A. Program Outcomes (POs) According to ABET 

The outcomes of engineering program must describe 
knowledge, skills and attributesof the students at the time 
of graduation. The council of Mechanical Engineering 
(ME) department formulated the outcomes of its program 
to be closely aligned to ABET Criterion 3; outcomes(a) 
to(k), shownin Appendix (A)[13]. It is planned to 
periodically evaluate the POs and revise them if needed in 
order to continuously improve their compatibility with the 
program objectives and their achievability. This study 
focuses only on specific POs from (c) to (i). Also, ME 
program was selected as an example; meanwhile the other 
programs, in College of Engineering, have the same 
assessment methodology. 

B.Assessment of CLOs and POs 

This section concerns with the adoption of a 
methodology for checking, evaluating and continuously 
improving ME program. Engineering design course is one 

of the college requirements and ME program offersit to 
students of all programs. The process used for continuous 
improvement of our programs is basically based on an 
application of the methodology known as “Plan-Do-Check-
Act” (PDCA) [3]. The outcomes assessment process 
includes the following five main procedures; [4,14]: a) 
Definethe course objectives and its CLOs,b) alignthe 
curriculum with the adopted program outcomes, c) identify 
the instruments and measures to assess learning outcomes, 
d) collect, analyze, and disseminate the assessment 
information, and finally, e) using assessment information 
for continuous improvement including documentation of 
the assessment process.The whole process should mainly 
answer the questions that may be considered another form 
of the above five steps, stated as:1)what will the students 
learn and how they will learn it in our programs?, 2)how 
will we know the students have learned it or not?, and 
3)what will we do if the students have not learned it? 
[14,15]. 

An assessment program has been constructed by Excel 
to estimate the number of frequencies of student’s 
ratingonCLOs andPOs in the survey,seen in Appendix 
(B),in addition to make a comparison with the results of 
exams and other activities. The results of the assessment 
represent the average grades of 85 students and the results 
of 61 responses to the survey.These numbers were taken, 
randomly,from individualsto represent the students’ 
population. It is important to mention that the students in 
this study represent all the engineering programs in the 
college. Direct assessment, here, means the student grades 
resulted from all students’ activities in/out of classes. Also, 
indirect assessment reflects primarily on the surveys that 
measure the extent of students’ satisfaction with POs, 
CLOs and the learning materials.It is worth to mention 
here that satisfactory level means the percentage of 
students that achieved 60% of the total mark. This 
percentage was chosen to express on the Staff satisfaction 
on the students attainment.  

V. RESULTS AND DISCUSSIONS 

The results of direct and indirect assessments of the 
students’attainment and the average score of students 
achieved satisfactory levels of CLOs and POs are 
presented and discussed. As shown, Fig. 2.a presentsa 
comparison of the results of entry and exit surveys, for the 
students’ attainment of CLOs. Obviously,there is a high 
progress in the percentage of students’ attainmentof CLOs 
after learning the course materials, in a comparison with 
the results of the entry survey. Fig. 2.b shows a comparison 
of the results of entry and exit surveys for the average 
percentage of students achieving satisfactory levels of 
CLOs. These results showed that the average percentage of 
student achieving satisfactory level of CLOs have 
increased between 2 to 3.5 times of that in the entry 
survey. 

Do and Say 

Say (have a 

conversation) 

Watch and Listen 

Watch or Listen 

Listen 

Read 

Demonstrate 

Practice by Doing 

Teach Others / Immediate Use 90 % 

5 % 

10 % 

20 % 

30 % 

50 % 

75 % 

Discussion Group 

Demonstration 

Audio – Visual 

Reading 

Lecture 

Passive Teaching 
Methods 

Cooperative 
Learning 
Methods 

Average 
Retention Rate  

11



 

ISSN 2231-3842 (Print)        ISSN 2277-8691 (Online) 

 

 

INTERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY (Volume 6 , Issue 1)  | 
 

 

Fig. 2.a. Comparison of results entry and exit surveys of percentage of 
students’ attainment of CLOs. 

 

Fig. 2.b. Comparison of results of entry and exit surveys for percentage of 
students’ achievement of satisfactory levels of CLOs. 

Fig. 3.a shows the percentage of average score per 
POs, estimated from exit survey. As seen, the lowest 
attainment of students of the POs is at least 80% and the 
maximum is 87.5%. Fig. 3.b shows the percentage of 
students achieving satisfactory levels of POs, estimated 
from exit survey. The results of these two charts exhibited 
that the students’ attainment of POs and the percentage 
students achieving satisfactory levels is quite acceptable 
through applying ALAs for learning engineering design 
materials. 

 

Fig. 3.a. Percentage of average score per POs, estimated from exit survey. 

 

Fig. 3.b. Percentage of students achieving satisfactory levels, estimated 
from exit survey 

Fig. 4.a and Fig. 4.b show the percentage of average 
score per POs and the percentage of students achieving 
satisfactory levels, estimated from corresponding CLOs, 
respectively. The students’ attainment of POs is entirely 
acceptable but in case of percentage of students achieving 
satisfactory levels of POs, the outcomes f) and h) showed 

the lowest values (67% and 69%). These two outcomes 
are; f) An understanding of professional and ethical 
responsibility, and h) The broad education necessary to 
understand the impact of engineering solutions in a global,- 
economic, environmental, and societal context. Attention 
should be given to these two outcomes in next run of 
teaching and assessment of engineering design. Although 
the reasons for this short-comes are not known, it may 
attribute to the focus of staff on other outcomes that may 
draw the students’ attention away and hence lower the 
percentage of students achieving satisfactory levels of 
these two. 

 

Fig. 4.a. Percentage of average score per POs, estimated from 
corresponding CLOs. 
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Fig. 4.b. Percentage of students achieving satisfactory levels, estimated 

from corresponding CLOs. 

Fig. 5.a shows the results of direct estimate of average 
score of students’ attainment per CLOs. As shown in the 
histogram that the students’ attainmentof all CLOs has 
achieved very acceptable level. The minimum level of 
students’ attainment is close to 79% which is quite enough 
for CLOs attainment. Fig. 5.b presents the percentage of 
students achieving satisfactory levels for each CLO. As 
shown in the histogram, all the results of direct estimate of 
students achieving satisfactory levels of CLO are close to 
98.8%, except for CLO_10 reached 100%. 

 

Fig. 5.a. Percentage of average score per CLO estimated from direct 
assessment. 

 

Fig. 5.b. Percentage of students achieved satisfactory level for each CLO, 

estimated from direct assessment. 

Fig. 6.a shows a histogram of the results of direct and 
indirect assessments of average score of students’ 
attainment per POs. As shown, there is not only a high 
degree of the attainment of the outcomes but also a high 
agreement between direct and indirect measurements. Fig. 
6.b shows a histogram of the results of direct and indirect 
assessments of direct and indirect assessments of 
percentage students achieving satisfactory levels of POs. 
As shown, although the two assessment methods of POs 
are independent and they were measured by two different 
methods, they exhibited somehow a high degree of POs 
achievement. Also, a high degree of agreement between 
direct and indirect assessment is obtained.  

 

Fig. 6.a. Percentage of average score per PO: direct and indirect 
assessments. 

 

Fig. 6.b. Percentage of students achieved satisfactory level of POs: direct 
and indirect assessments. 

Once students achieved the objectives of engineering 
design, the foundation of design process is built and they 
are ready to burnish them by studying other specific design 
courses in their engineering programs. It will be beneficial 
for the assessment to increase the satisfaction level of 
engineering design Staff on students’ attainment up to 70% 
in order to get more reliable results. This procedure may 
tighten the assessment a little and, hence, more findings 
may show up as a result. This information is useful for 
feedback to both students and faculty to improve student 
learning of design. Over time, assessment information can 
be used to benchmark achievement and to establish 
targeted performance levels for students in related degree 
programs. 
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VI. CONCLUSIONS 

Based on this study the following conclusions can be 
drawn: 

1. Introducing of Engineering Design to engineering 
curricula of College of Engineering, Taif University, 
SA, has made a significant contribution in learning and 
attainment of soft skills for the students in early 
learning stage.Employing active learning techniques 
have added significant value to the whole process.  

2. All CLOs and POs were attained with high level of 
achievement and the percentage of students achieving 
satisfaction levels is significantly high. Both direct and 
indirect assessments are in a good agreement in terms 
of estimating percentage of students’ attainment of POs 
and CLOs.Meanwhile, attention should be given in the 
next run, of teaching and assessment of engineering 
design, to the outcomes (f) and (h). 

3. It will be useful for the assessment to increase the 
satisfaction level of engineering design staff on 
students’attainment up to 70% in order to get more 
reliable results.  

4. After one assessment cycle, the indications are that the 
majority of the students enjoyed the course and they 
have become more positive towards soft skills and 
realized their importance.  
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APPENDIX A 

Sample of the outcomes of an Engineering Program are: At 
the time of graduation, the graduated students of our students will 
have: 

a) An ability to apply 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 within realistic constraints, 
d) An ability to function on teams, 
e) An ability to identify, formulate, and solve engineering 

problems, 
f) An understanding of professional and ethical responsibility, 
g) An ability to communicate effectively, 
h) The broad education necessary to understand the impact of 

engineering solutions in a global,- economic, environmental, 
and societal context, 

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

j) A knowledge of contemporary issues, and 
k) An ability to use the techniques, skills, and modern 

engineering tools necessary for engineering practice. 

These outcomes are very like those of ABET outcomes for 

engineering programs as in Engineering Criteria developed by 
Engineering Commission.  
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APPENDIX B 

 
Date:  .. /.. / 2016 

Course Title  Introduction to Engineering Design Course Code: ME 226-2 

Program offering the course Mechanical Engineering Program Semester:   Spring 

Course Instructors Engineering Design Team* Year: 2016 

 

Notes :- 
1. The purpose of this survey is to help us to improve your education. All questions are related to the course itself not the instructor. 

The Program Outcomes, POs, and Course Learning Outcomes, CLOs, as stated in the Course Syllabus are listed below.  
2. Using the following Scale of Rating: A = Strongly Agree, B = Agree, C = Neutral, D = Disagree, E = Strongly Disagree; please 

tick the appropriate choice with each of the following statements. 
 

POs Questions regarding the Program Outcomes, POs. This course improved my ability to do the 

following: 

Scale of Rating 

A B C D E 

PO (c) Ability to design a system, component, or process to meet desired needs.      

PO (d) An Ability to function on multidisciplinary teams.      

PO (e) An ability to identify, formulate, and solve engineering problems.      

PO (f) Understanding of professional and ethical responsibility.      

PO (g) Ability to communicate effectively.      

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

     

PO (i) Recognition of the need for, and an ability to engage in life-long learning.      

 

CLOs Questions regarding the Course Learning Outcomes, CLOs. In this course, I acquired the following: 

CLO_1 develop and exhibit the behaviors associated with taking personal responsibility in an active learning 
environment and  practice elements of active learning as well as apply active learning techniques such as 

Engineering Journal, Process Check 

     

CLO_2 explain quality, costumer, expectations, and process as well as demonstrate the ability to meet customer 
expectations 

     

CLO_3 develop team norms and use effective team tools such as team agenda, minutes and process check. also, 
Boogle method, affinity process, deployment flowchart, multi-voting ..etc. 

     

CLO_4 Apply the engineering design process in various industrial or social problems      

CLO 5 explain problem definition techniques such as exploring the problem, present state/desired state, Dunker 
diagram, statement restatement, KT Problem Analysis and apply them on semester design project. 

     

CLO_6 explain and apply problem solving strategies such as using heuristic, perceiving problems, potential 
problem, real problem, etc. Osborn’s Checklist, random stimulation, fishbone diagram as well as apply 
them on semester project. 

     

CLO_7 explain situation analysis, problem analysis, decision analysis, potential problem analysis and apply these 

techniques on semester design project.  

     

CLO_8 Demonstrate the fundamentals of organizing and presenting technical work using modern engineering tools 
in their written and oral presentations 

     

CLO_9 explain planning components such as Gantt chart, deployment chart and critical path management and 
apply them on semester design project. 

     

CLO_10 Use organization techniques such as book keeping (Design Notebook), using checklist, etc.      

CLO_11 search and collect information and rearrange it for a given topic      

CLO_12 explain ethical issues, safety considerations, and environmental, social and cultural impact and evaluate 
them on semester design project. 

     

Your comments are very useful to us in improving this course.  Please provide them below.   
………………………………………………………………………………………………………..……………………………………………

…………………………………………… 
………………………………………………………………………………………………………..……………………………………………

…………………………………………… 

 

Student Course Evaluation Survey 
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