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Abstract—Assessment and evaluation of Program
Educational Objectives (PEOs) and Student Outcomes
(SOs) is a challenging task. In this paper, we present a
unified framework, which has been developed over a
period of more than eight years, for the systematic
assessment and evaluation of PEOs and SOs. The
proposed framework is based on a balance sampling
approach that thoroughly covers PEO/SO assessment and
evaluation and also minimizes human effort. This
framework is general but to prove its effectiveness, we
present a case study where this framework is successfully
adopted by our undergraduate computer science program
in the department of computer science at King Abdulaziz
University, Jeddah. The robustness of the proposed
framework is ascertained by an independent evaluation
by ABET who awarded us full six years accreditation
without any comments or concerns. The most significant
value of our proposed framework is that it provides a
balanced sampling mechanism for assessment and
evaluations of PEOs/SOs that can be adapted by any
program seeking ABET accreditation.

Index Terms—Program  Educational  Obijectives,
Learning Outcomes, Outcome Assessment, Outcome
Attainment, Assessment Tools, ABET Evaluation

|. INTRODUCTION

One of the primary concerns of any educational
institution or program is quality assurance mechanism.
Quality assurance of a program mainly depends on
effective assessment and evaluation processes pertaining
to monitoring students' performance [1, 2, 3, 4,5, 6, 7, 8].
In recent years, the focus of accreditation processes of
educational programs has been shifted towards outcome-
based assessment and evaluation. This departure first
required to identify a set of characteristics for which an
educational program intends to prepare its students. One
of the world's leading accreditation body, Accreditation
Board for Engineering and Technology (ABET) [9]
requires two primary criteria pertaining to developing
such characteristics in graduates of a program. In ABET
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terminology; they are Program Educational Objectives
(PEOs) and Student Outcomes (SOs). In ABET parlance,
PEOs are "broad statements that describe what graduates
are expected to attain within a few years of graduation”,
whereas SOs describe "what students are expected to
know and be able to do by the time of graduation. These
relate to the knowledge, skills, and behaviors that
students acquire as they progress through the program™.
Both PEOs and SOs require a robust mechanism for their
successful evaluation [10] and they must be guaranteed to
be attained in a meaningful manner [11, 12]. In our
undergraduate computer science program, we have
adopted the eleven well-known a-k ABET SOs and also
defined PEOs (details follow). Out of these eleven
outcomes, a, b, ¢, i, j and k are related to technical skills,
while d-h cover soft skills [13, 14]. Generally, it has been
observed that the soft-skills related SOs especially those
pertaining to life-long learning are difficult to assess as
compared to technical-skills related SOs [15].

This paper proposes a unified framework for
systematic assessment and evaluation of PEOs and SOs,
which has been implemented in the faculty of computing
and information technology (FCIT), King Abdulaziz
University, Saudi Arabia. The effectiveness of this
framework is ascertained by ABET as our program got
full six years accreditation (2013-2019) and then retained
it for another six years (2019-2025) without any
comments or concerns.

Il. PROCESS FOR REVIEW OF THE PROGRAM
EDUCATIONAL OBJECTIVES

At FCIT, a formal process for formulating and
reviewing of the PEOs is in place. The process used to
periodically review the PEOs so that they remain
consistent with the university mission, the different
constituents’ needs, and the ABET-CAC criteria is
depicted in Fig. 1. The salient elements of this process
are briefly described in the following. The program
faculty reviews the PEOs and may produce a draft for
new PEOs formulation under the following
circumstances:
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Fig. 1. stablishment and review process of PEOs

¢ A change in the university mission.

¢ A request for change coming from members of one
or more of the program’s main constituencies.

e A change in the ABET-CAC criteria affecting the
PEOs.

e A change in the vision of national and international
professional societies regarding computing-related
practices.

e Aside from such circumstances, a periodic major
review of the PEOs is conducted every three to
four years.

Any changes in the PEOs are subject to a formal
approval through the department and college councils.
The above process has been applied in the establishment
of our current PEOs. Our PEOs cover three classic
objectives: professional practice expectations (PEO-1,
below), societal context, i.e., how graduates fit or fulfil
their expected role in society (PEO-2), and the
academic/professional growth (PEO-3). The PEO are
stated as follows (which are publicly available at the
department website'):

PEO-1: Have a successful career in the practice of
computer science and related applications built on their

1

https://computing.kau.edu.sa/Content.aspx?Site_ID=611&Ing=EN&cid
=241346
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understanding of formal and applied methods for
problem-solving, design of secure and dependable
computer systems, and development of effective software
systems and algorithmic applications.

PEO-2: Advance in responsibility and leadership and
contribute as active partners in the economic growth and
the sustainable development of the Saudi society.

PEO-3: Engage in professional development and/or
graduate studies to pursue flexible career paths amid
future technological changes.

I1l. RELATIONSHIP OF PROGRAM COURSES AND
OUTCOMES

Each program outcome is assessed within the
academic program. Achievement of SOs can lead to the
achievement of the PEOs and are a necessary condition
for achieving the PEOs. The results of the SOs
assessment and evaluation are thus applied to improve
the program. SOs of our program are the measureable
effects of curriculum which delivers the content to satisfy,
in the larger context, the PEOs. As such, the SOs are
closely related to the overarching PEOs, therefore, SOs
are carefully mapped to the PEOs. In addition, courses
are also mapped to SOs, where these mappings are
identified by teams of instructors who have designed the
course. As mentioned earlier, SOs are relatively broad
statements, therefore, each course has identified and
articulated using Bloom's taxonomy [16] around 15
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specific, measureable course learning outcomes (CLOs).
This is a constructive alignment [17, 18] of CLOs,
learning activities, assessment tools and SOs. This
process of course-SO mapping is carried out for each
course. This mapping helps us in the assessment and
evaluation of SOs because the exam questions are
directly mapped to these specific CLOs instead of SOs,
which are rather broad statements and hence difficult to
assess directly. Whereas it is easy for all of the CLOs to
be evaluated, we identified a sampling mechanism
whereby a subset of the five CLOs called high value
(henceforth, HVCLOs) are used for reported-assessment
purposes. In addition, instead of exhaustively reporting
on all assessment tools, a subset of 2-4 tools have been
identified for each course that can give reasonable
coverage of all the targeted HVCLOs (and hence SOs).
These data from the HVCLOs are reported in the end of
semester reports, which are written by the concerned
course teams to drive the continuous improvement
process. Any actions for the improvement of course
performances are thus based on these data.

IV. PROPOSED FRAMEWORK

An appropriate assessment and evaluation scheme is
necessary for the successful attainment of the SOs [19].
In ABET terminology; "assessment is one or more

Assessment Tools

processes that identify, collect, and prepare data to
evaluate the attainment of student outcomes whereas
evaluation is one or more processes for interpreting the
data and evidence accumulated through assessment
processes”. We use various processes to assess the extent
to which SOs are being attained.

The processes of collecting data for both PEOs and
SOs are generic as depicted in Fig. 2. SOs have direct
and indirect methods of collecting data. For the
objectives, indirect assessment is carried out through
surveys of alumni and employers, and feedback from
members of the industrial advisory board. Indirect
assessment of objectives can also be “mildly” inferred
from their mappings with the outcomes. On the other
hand, direct assessment of the outcomes usually relies on
the course work which includes final exam, midterm tests,
quizzes, homework, laboratory works, assignments,
practical, projects, presentations, class interaction, etc.
The indirect assessment of the outcomes is based on
several surveys such as student course evaluation surveys,
exit surveys, faculty evaluations, and feedback from
Industrial Advisory Board. For SOs, these data are
gathered in every semester, whereas the surveys for
PEOs remain open for a period of three years. The
collected data are carefully analysed to inform the
continuous improvement process in the program.

ffrrmeessmssssmssssasnssnsnssnsnssnnnssnnnssnnnnsnnnnnnnnnnnnns  AIZEFEMIENLT 10015 iuaeccsasccsasccsasecsasessasessassssassssansssnnnssnnnsnnnns -
Emplayer Alumni Industrial Advisory Student Exit Faculty
Surveys Surveys Committee Feedback Surveys Surveys Surveys Exams
Indirect Indirect Direct
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PEQ= l 50=
I — — — —
Assessment Aszessment

Evaluation Pracess
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Fig. 2. Assessment and evaluation framework

V. RESULTS ANALYSIS

Here we present as a case study the results of our
direct assessment of SOs to demonstrate the effectiveness
of our framework. The SO data have been obtained only
from the twenty-four core/mandatory courses, which are
offered in our program. Collectively, in all these courses,
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there were ca. 300 students, which makes a reasonable
sample size to draw meaningful conclusions from the
data. As mentioned above, SOs are mapped to PEOs,
therefore, an attainment of SOs would imply attainment
of the relevant PEO as well. We define that an SO is
achieved if at least 80% students attain at least 60% score.
We follow the same assessment and evaluation process in
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every semester to gather SO attainment scores. However,
for the sake of simplicity, a sample of the SO attainment
data for recently completed two semesters is presented
here. For a given SO, the SO attainment scores for all the
contributing courses are averaged which results in the
overall attainment for that SO. For instance, SO 'a' is

G F

assessed in 12 different courses, therefore, the attainment
of this SO is averaged over 12 courses; similarly, mutatis
mutandis for other courses. Fig. 3-4 show the SO
attainment scores thus computed for the two previous
semesters.

i Program Average

=l Attainment Target

Fig. 3. Fall 2017 Results
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Fig. 4. Spring 2018 Results

It is clear from Fig. 3-4 that overall all the SOs have
successfully been achieved. The assessment results may
give the impression that practically all outcomes have
attained their threshold levels. Whereas this might be true
on the program level, it is not necessarily true on the
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course levels. In fact, when our accreditation committee
closely examined each course, in different courses
attainment levels remained below the preset threshold
value. Such shortcomings are further examined by the
course instructors where recommendations for remedies
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and improvements are suggested. In the subsequent
semester, the suggested corrective measures are
incorporated and set the stage for the assessments, which
are the driving force for the continuous improvement and

a salient feature of our assessment and evaluation scheme.

VI. DISCUSSION

Developing an appropriate framework to assess and
evaluate students' learning is a continuous improvement
process. Different assessment and evaluation processes
can be implemented to monitor students' performance.
The challenge is that mostly these assessment and
evaluation processes are very gruelling and need
intensive data gathering [20]. In this study, a robust
assessment and evaluation framework is presented, which
intends to enhance students outcome-based learning. As a
case study, an ABET-accredited undergraduate computer
science program is presented in which this framework
has successfully been implemented.

Arguably, no assessment and evaluation plan could be
optimal [21]; every plan may have its own advantages
and disadvantages. To cover all aspects of students'
learning and their attainment thus need a comprehensive
analysis of data gathered through different assessment
tools. On the one hand, reporting on very few assessment
tools could be risky as this may not shed light on
different aspects of outcome attainment. Whereas, an
exhaustive approach whereby data from all assessment
tools could be reported is, arguably, very time consuming
and laborious activity. The main feature of our proposed
framework is that we devised an appropriate sampling
scheme which tradeoffs the two extremes. We suggest a
sampling of assessment tools, and also encourage a
sampling of CLOs. Our students and faculty surveys
suggest that such sampling generally works well for both
students and faculty members. Moreover, employers'
survey results are also encouraging wherein employers
showed better confidence on our graduates after
implementation of the proposed framework. The value of
the study thus presented here is that it may encourage the
other similar programs; especially those seeking ABET
accreditation, to adapt the same framework.

Some interesting questions came to fore during this
study. For example, we noticed students' grade
achievements do not necessarily corroborate with their
outcome achievement. We observed many cases where
students are getting high passing grades but they fail in
attaining an HVCLO/SO. Another important question
arises: Whether quality is assured when a program gets
accreditation from a world leading-accreditation body for
that program, or accreditation places extra pressures,
which may be detrimental or counterproductive for the
larger cause of an institution to enforce or enhance
quality assurance? Accreditation is a checks and balance
for quality assurance. Students' direct-assessment results
indicate that accreditation contributed positively in
enhancing students' performance, whereas students and
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faculty survey results indicate otherwise. In the latter,
data reveal that various processes pertaining to quality
assurance have been generally streamlined, however,
such processes place extra burden on faculty thereby
lacking their focus on innovation and teaching freedom.
Faculty generally believe that the assessment-centric
accreditation processes are very time consuming: most of
their precious time is consumed in planning, reports
writing, preparing assessment questionnaires, data
gathering, and data analysis. Such laborious processes
generally offer little opportunities to faculty members to
devote time to their research, for example.

An independent evaluation from ABET confirms the
utility of our proposed framework. However, it could be
still little early to make a final conclusion about the
worth and application of this framework unless it is
evaluated over a longer period of time. Availability of
more assessment may inform further enhancements to the
existing framework.

VII. CONCLUSION AND FUTURE WORK

In this paper, we presented a unified framework for
systematic assessment and evaluation of PEOs (program
educational objectives) and SOs (student outcomes) for
our computer science program. The proposed framework
is informed by our assessment and evaluation data for a
period of more than eight years. Moreover, experiences
and feedback from different stakeholders, including
students, faculty members, and industrial advisory board
also informed the design of the framework. The proposed
framework is fully implemented and its effectiveness is
also thoroughly examined. One of the salient features of
the proposed framework is our sampling plan for
assessment and evaluation of SOs, which has been
carried out both at CLO-level sampling and sampling in
the assessment tools. The efficacy of the framework is
duly ascertained by ABET: first, our program got full
six-years ABET accreditation in 2013 and then it retained
this accreditation for six more years in 2019. The results
indicate that the proposed assessment and evaluation
framework is robust, especially for those programs,
which are seeking ABET accreditation.

In future, we intend to enhance the assessment and
evaluation plan for soft-skills related SOs. In our existing
framework, we use similar tools to assess technical and
soft skills, which may not be worthwhile. It has generally
been observed that, where technical skills are easy to
assess, soft skills are difficult to assess [22, 23]. To this
end, more innovative methods will be explored to assess
and evaluate soft skills in a more systematic manner.
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