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Abstract  
The engineering programs at Sultan Qaboos University are accredited by the Engineering Accreditation 
Commission (EAC) of the Accreditation Board for Engineering and Technology (ABET) since 2008. This 
year, the programs will undergo a third accreditation assessment using revised ABET Criterion 3 
(Student Outcome) and Criterion 5 (Curriculum) which are in effect for the 2019-20 evaluation cycle. 
This paper outlines the Quality Assurance system for academic programs at Sultan Qaboos University 
and illustrates how its civil engineering program has made the transition from the previous criteria to the 
revised criteria. A mapping is made between the old and new Criterion 3. New performance indicators 
and measurement of attainment of the student outcomes are developed for the whole curriculum. A 
mapping of the curriculum with the outcomes is also made to ensure full coverage of the student 
outcomes by the time of graduation. The paper illustrates the experience of the program with the 
transition process to the new ABET Criteria. 

1 INTRODUCTION 
Ensuring quality in education is very important worldwide. This is more apparent in higher education 
where institutions are required to have their different colleges and academic programs accredited by 
recognized accreditation agencies. The process of accreditation of programs is becoming a common 
practice in many colleges and universities around the world. Program accreditation brings many benefits 
to the institutions and the society. For example, through the accreditation process, academic programs 
will be aligned with the university mission and objectives as well as the effectiveness of academic 
programs in achieving student outcomes will be appraised. It is an opportunity for the institution and its 
academic programs to assess their objectives and operations with the ultimate goal of continuous 
improvement. It will also ensure compliance with national and international educational standards and 
assure the public of the its graduates’ competence and qualifications. 

1.1 Quality assurance at Sultan Qaboos University 
Sultan Qaboos University has been committed to quality and excellence since its inception in 1986. 
In addition to a process of systematic periodic review of its academic program by external reviewers, 
many of its colleges and programs have been accredited by recognized international accrediting 
agencies. Table-1 lists the different international accrediting agencies that have accredited the 
colleges and the academic programs. 

All eight programs offered by the college of engineering at Sultan Qaboos University were accredited 
by ABET in 2008 and 2014 [1, 2]. ABET is the main organization in the USA that accredits, through 
its specialized accreditation commissions, educational programs in applied science and natural 
sciences (ANSAC), computing (CAC), engineering EAC), and engineering technology (ETAC). This 
accreditation is an assurance that the engineering program meets the quality standards established 
by various professions. Currently, ABET accredits 4,005 programs at 793 colleges and universities in 
32 countries [3]. The ABET accreditation process is formal and is granted after certain minimum 
criteria and procedures are met by the institution and verified by an ABET visiting team. All eight 
programs in the College will undergo a third accreditation visit in November 2019. All programs are 
currently completing the writings of their confidential Self Study Reports for final submission to ABET 
before July 1st. 

1.2 ABET Criteria and the Assessment Process 
The General ABET include students (Criterion 1), program educational objectives (Criterion 2), 
student outcomes (Criterion 3), continuous improvement (Criterion 4), curriculum (Criterion 5), faculty 
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(Criterion 6), facilities(Criterion 7), institutional support (Criterion 8) and Program criteria (Criterion 9). 
To comply with the criteria, and to improve the quality of education, a continuous assessment process 
must be developed and implemented in the program [2]. The process includes a structured 
methodology for establishing educational objectives and outcomes at the program (student outcome 
SO) and course levels (course learning outcome CLO), development of required assessment and 
evaluation instruments, identification of key institutional practices that need to be aligned with 
assessment practices, and training programs to help instil the mind-set of the new criteria in all 
concerned parties. 

Table 1. Quality Assurance at SQU 

COLLEGE ACCREDITING AGENCY 

Engineering Engineering Accreditation Commission (EAC) All eight programs of ABET Inc. 

Medicine & Health 
Science 

Association for Medical Education in the Eastern Mediterranean Region (AMEEMR) 
in cooperation with the World Federation for Medical Education (WFME) 

Economic & Political 
Science 

The European Foundation for Management Development (EQUIS) 

Education National Council for Accreditation of Teacher Education (NCATE) 

Arts & Social 
Sciences 

Agency for Quality Assurance through Accreditation of Study Programmes (AQAS), 
Accreditation Agency for Health and Social Sciences (AHPGS), Chartered Institute 
of Library and Information Professional (CILIP) 

Science Accreditation Agency for Study Programs in Engineering, Informatics, Natural 
Sciences, and Mathematics (ASIIN e. V.), Canadian Society for Chemistry (CSC), 
The Geological Society, London (GSL), Computing Accreditation Commission 
(CAC) of ABET Inc. 

Nursing Accreditation Commission for Education in Nursing (ACEN) 

Program educational objectives (PEO) are broad statements that describe the career and professional 
accomplishments that the program is preparing graduates to achieve [3].  

Student outcomes (SO) are narrower statements that describe what students are expected to know and 
be able to do by the time of graduation [3]. ABET has changed the familiar eleven (a) to (k) student 
outcomes in Criterion 3 for the first time since their inceptions in year 2000 to new student outcomes (1) 
to (7) which are to be implemented with effect from the 2019-2020 accreditation cycle. The new ABET 
SO (1) to ((7) are stated below [4]: 

1 an ability to identify, formulate, and solve complex engineering problems by applying principles 
of engineering, science, and mathematics.  

2 an ability to apply engineering design to produce solutions that meet specified needs with 
consideration of public health, safety, and welfare, as well as global, cultural, social, 
environmental, and economic factors.  

3 an ability to communicate effectively with a range of audiences. 
4 an ability to recognize ethical and professional responsibilities in engineering situations and make 

informed judgments, which must consider the impact of engineering solutions in global, economic, 
environmental, and societal contexts. 

5 an ability to function effectively on a team whose members together provide leadership, create a 
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives.  

6 an ability to develop and conduct appropriate experimentation, analyse and interpret data, and 
use engineering judgment to draw conclusions.  

7 an ability to acquire and apply new knowledge as needed, using appropriate learning strategies. 

The old student outcomes in Criterion 3 are outcomes (a) through (k) plus any additional outcomes that 
may be articulated by the program.  
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a) an ability to apply knowledge of mathematics, science, and engineering,  
b) an ability to design and conduct experiments, as well as to analyse and interpret data,  
c) an ability to design a system, component, or process to meet desired needs within realistic 

constraints such as economic, environmental, social, political, ethical, health and safety, 
manufacturability, and sustainability,  

d) an ability to function on multidisciplinary 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, 
k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering 

practice. 

Attainment of these outcomes prepares graduates to enter the professional practice of engineering 
and indicates that the graduates are equipped to achieve the PEO. A mapping (relationship) of SO to 
PEO is established.    

As part of criteria 2 (PEO), 3 (SO), 4 (Continuous Improvement) and 5 (Curriculum), ABET requires that 
each engineering program applying for accreditation must have the following: 

a) Published program educational objectives that are consistent with the mission of the institution 
and a systematically utilized process for their periodic reviews involving program constituencies. 

b) A curriculum and a process that ensures the achievement of these objectives. 
c) Regular use of appropriate, documented processes for assessing and evaluating the extent to 

which the student outcomes are being attained and use of results to improve the effectiveness of 
the program. 

The new student outcomes are in principle a restructuring of the old counterparts. The number of 
outcomes has been reduced from eleven to seven by merging certain attributes that are very closely 
linked, for example old SO (a) and (e) that deal with understanding and application of engineering, 
science and mathematics is merged in SO (1) that considers the application of the fields in solving 
complex engineering problems. Certain outcomes that are implicit in engineering education were 
removed, for example, old SO (i) related to the need for lifelong learning is replaced by SO (7) 
requiring the students to acquire and apply new knowledge as needed using appropriate learning 
strategies, making it more specific. Also, SO (k) which requires students to use the techniques, skills, 
and modern engineering tools necessary for engineering practice has also been eliminated and has 
been moved to Criterion 5 (Curriculum) where utilizing modern engineering tools is included in the 
description of Engineering Science.  Design of experiments has been removed from student outcome 
(b) and replaced by new SO (6) requiring students to develop and conduct appropriate 
experimentation and use engineering judgement which is more reasonable for the civil engineering 
curriculum. In order to simplifying the assessment process and to eliminate duplications SO (a) and 
SO (e) were combined to SO (1). SOs (f), (h), and (i) were combined into new SO (4). ABET has 
provided a useful mapping between the old and the newly introduced SOs [5]. 

The Civil Engineering Program at SQU has adopted the same seven student outcomes of ABET 
without any alteration as it is more appropriate. To assess the degree to which courses in the 
curriculum support the attainment of each student outcome, a mapping of courses to SO is prepared 
as shown in Table 2. It was not difficult to map the curriculum to new student outcomes, owing to the 
mapping available between the two set of outcomes.  To measure the degree of attainment of the 
Student Outcomes, direct and indirect methods have been used. The direct assessment measures 
the students’ performance in their courses by targeting quizzes, midterms, finals, projects, 
experiments and presentations. Performance indicators and appropriate rubrics were developed and 
used for this purpose. Indirect measure of attainment of SO is through surveys of faculty, industry 
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members who hire the graduates, or students themselves asking their opinion or perception on the 
attainment of SO or even their perception on the importance of the SO.   

2 MAPPING OF CURRICULUM TO STUDENT OUTCOMES 
The degree plan for Civil Engineering at the Sultan Qaboos University has 136 credits, which include 
14 courses (32 credits) that are college requirements and 15+11 courses (44+30 credits), which are 
department + program requirements. The student outcomes were mapped to department and/or 
program required courses. Courses that  are taken up by all students without the departmental elective 
courses are therefore  considered for the mapping between the curriculum and student outcomes. 
Table.2 shows the coverage of the student outcomes in the courses. The coverage is either full and/or 
partial as the mapping was developed based on performance indicators, however, coverage of each 
performance indicator and therefore student outcome has been ensured at least in two courses.  

Table 2. Coverage of Student Outcomes in Civil Engineering Curriculum  

Code Course Title 
Student Outcomes 

(1) (2) (3) (4) (5) (6) (7) 
CIVL2401 Professional Practice and Ethics    Ö   Ö 

CIVL3036 Structures I Ö       

CIVL3056 Surveying Ö  Ö  Ö   

CIVL3066 Engineering Hydrology   Ö   Ö Ö 

CIVL3076 Transportation Engineering   Ö    Ö 

CIVL3086 Mechanics of Materials Ö       

CIVL3096 Construction Materials     Ö Ö  

CIVL3106 Geotechnical Engineering   Ö   Ö  

CIVL4016 Structures-II Ö       

CIVL4036 Highway Engineering   Ö  Ö Ö  

CIVl4046 Fluid Mechanics   Ö   Ö  

CIVL4136 Environmental Engineering Ö  Ö Ö  Ö Ö 

CIVL4146 Hydraulics Ö  Ö   Ö  

CIVL4206 Concrete Design Ö Ö      

CIVL4216 Steelwork Design Ö Ö      

CIVL4226 Foundation Engineering Ö       

CIVL5146 Numerical Methods Ö      Ö 

CIVL5204 Engineering Economics   Ö  Ö  Ö 

CIVL5336 Construction Management   Ö  Ö  Ö 

CIVL5995 Project-I Ö Ö Ö  Ö   

CIVL5996 Project-II Ö Ö Ö Ö Ö  Ö 

ENGR3006 Industrial Training-I   Ö  Ö   

   12 4 13 3 8 7 8 

3 PERFORMANCE INDICATORS AND RUBRICS 
Performance Indicators (PI) which are narrower and more specific statements of the student outcome 
have been developed in order to facilitate the assessment of the student outcomes. In previous ABET 
accreditation cycle, the program has developed Performance Indicators for the old SO (a) to (k). Many 
of these performance indicators were found to be directly applicable for (1) – (7) and therefore reused 
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with some modifications. For the SO (1) to (7), 24 PIs were developed and assessed in appropriate 
components in each targeted course using grade-based assessment whenever appropriate, however, 
assessment was also carried out using rubrics for SO like (3) and (5). For consistency across the 
different courses in the curriculum, rubrics were developed for each performance indicator after 
dividing each PI into further categories. A sample of the performance indicators and their rubric 
categories for the SO (1) are shown in Table-3. 

Table 3. Performance Indicators and Rubrics for Student Outcome (1) 

Performance Indicators (PI)  Rubrics Categories 

1.1. Identify and formulate complex 
Civil Engineering problem. 

1.1.1. The complex problem is identified into components. 
1.1.2. Define the variables involved in the problem. 
1.1.3. Describe an appropriate methodology to solve the problem. 

1.2. Solve well-formulated complex 
problem in Civil Engineering using 
principles of engineering and 
mathematics. 

1.2.1. Identify the equations and/or relations based on principles of 
engineering and mathematics relevant to the formulated problems. 
1.2.2. Solve the identified equations and/or relations using principles of 
engineering and mathematics. 

1.3. Solve well-formulated complex 
problem in Civil Engineering using 
principles of engineering and science. 

1.3.1. Identify the equations and/or relations based on principles of 
engineering and science relevant to the formulated problems. 
1.3.2. Solve the identified equations and/or relations using principles of 
engineering and science. 

4 ASSESSMENT PROCESS  
In an assessment cycle (Fig. 1), the process consists of selection of courses from the course vs student 
outcome matrix shown in Table-2 for assessment of the performance indicators. The capstone design 
projects (Project-I and II) are always the most suitable courses that cover most PIs and are therefore 
more relevant sources of measurement of student attainment of the SOs.  It has also been decided that 
at least two sample courses are collected for each PI. Instructors for the courses are required to use the 
PIs from collected evidence of students work such as quizzes, tests, exams, lab reports, project reports, 
essay reports, and presentations in front of faculty, jury members and members of industrial advisory 
board. After completion of assessment, the results and recommendations are summarized by the 
accreditation committee and forwarded to focus groups for feedback on instructors’ recommendations 
and comments. The accreditation committee finalizes SO-based and courses-based recommendations 
and presents them to department board for approval. The SO based recommendations are then 
forwarded to all faculty to be addressed in all the courses. The assessment cycle is then repeated to 
collect new data. Assessment includes both the direct method from the student’s actual work and indirect 
method using student surveys in individual courses as well as exit surveys when students graduate. All 
the faculty members are involved in the assessment activities.  

Until the end of year 2018, the department has been following an assessment plan of 2 cycles using the 
previous SOs (a) to (k), Cycles I lasted from 2014 to 2016 with the assessment done in 2016. Cycle II 
lasted from 2017 to end of 2018 with the assessment carried out in fall 2018. , The results and findings 
of cycle-I were discussed, summarized and finalized by the accreditation committee and 
recommendations were made for the cycle-II. 
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Figure 1. Assessment process for Student Outcomes in a single cycle 

5 SUMMARY OF ASSESSMENT RESULTS  
The Civil Engineering Program at SQU is going to be assessed using the new criteria 2019-2020 in the 
coming ABET evaluation visit. Since the assessment data from the first two cycles consisted of the old 
SOs (a) – (k), the mapping between the previous SOs and the newly revised SOs published by ABET 
[5] has been used to represent the assessment results (as much as possible), in terms of the new criteria 
(1) to (7). The department decided that at least 70% of the students should either meet or exceed 
expectation. A student scoring  ³ 60% or a level 3 in rubrics is considered meeting expectations while 
 ³ 80% or level 4 is exceeding expectations. For continuous improvement, it was considered that student 
outcomes that either do not satisfy the criterion of 70 % need to be addressed immediately. In Cycle-I 
none of the student outcomes results was below 70 %, Student Outcome (3) results were exceeded the 
target of 70% marginally. Therefore, appropriate recommendations were made for improving this 
outcome. As a result, in Cycle-II all SOs satisfied the requirements. The department has also decided 
to totally use the new SO (1) to (7) in its assessment during spring 2019 (Cycle-III) in order to 
demonstrate its readiness to transit to the new criteria. It was also found that the Capstone design 
(Project II) is the most appropriate course where most of the new SOs can be covered and assessed. 
In addition, three other courses for the assessment of SO (3), (4), (6) and (7) are going to be utilized in 
Cycle-III. The target of achievement for all the SOs is kept the same (70%) as in the previous 
assessment cycles. 

6 CONCLUSIONS  
The paper has outlined the quality assurance and accreditation system at Sultan Qaboos University. 
Engineering programs are going to be subjected to their second or third accreditation visit by ABET 
using the new 2019 criteria. The paper has illustrated the experience of the civil engineering program in 
student outcome assessment using the new Student Outcome (1) to (7). The mapping, by ABET [5], of 
the old and the new SOs has facilitated the assessment results of Student Outcomes (a) to (k) to be 
presented as Student Outcome (1) to (7). Minor modifications in assessment were required in 
representing the assessment results into the new SO (1) to (7).  

Sample core courses covering Performance Indicators 
of a Student Outcome

Core Course 1 Core Course 2 Core Course 3  ---
Project I and Project II (Capstone) 

Assessment Results (Course Instructors)
• Direct  (Course Components, e.g. Tests, Quizzes, 

Lab. Reports etc.)
• Indirect (Course Report, Student Exit Survey)

Evaluation of Assessment Results (Accreditation 
Committee)
• Quality Control of the Assessment Data 
• Analysis of Assessment Data
• Analysis of Exit Survey
•  Review Course reports and compile the  

recommendations for improvement

Feedback related to Student Outcomes 
to all the faculty (Accreditation 

Committee) 

Feedback not directly related to Student 
Outcomes (CE Department Board)

Final Compilation of Recommendations  (CE Department 
Board)
• Review and Revision of Recommendations.
• Discussion about other actions to improve CE Program.
• Approval of recommendations for improvement.

Focus Groups:
• Quality Control of the Assessment Data 
• Analysis of Assessment Data.
• Review Course reports and compile the  recommendations for improvement
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