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Abstract—This paper describes current teaching practices in
the area of data science and engineering at Uppsala University,
from the high level relationships between different courses to
detailed lecturing methods and examination approaches. Specifici-
ties of discipline-based education in this area are also highlighted.

I. INTRODUCTION

Data management is a foundational aspect of Computer
Science and Engineering. While database systems have al-
ways been part of IT curricula, the importance of data-
centered courses has increased in time thanks to the higher
availability of large and commercially valuable datasets like
the ones generated by Web 2.0 and more recently Social
Media applications. This has led to the emergence of a new
professional figure capable of dealing with all the phases of a
data management process, from its collection to its long term
storage and analysis. This figure is often referred to as data
scientist, but is more accurately described as data scientist and
engineer to emphasize the strong engineering skills needed to
deal with large amounts of data. As a consequence, several
universities have recently developed specific educational plans,
including master programs'?3.

Education in data science and engineering has some speci-
ficities if compared with other areas of IT. While the diver-
sification of student populations is a well-know challenge of
modern academic education [1], and I am not addressing this
general problem in this paper, it is worth mentioning that
some data management courses (and in particular introductory
courses on databases) are affected to a higher degree by
this factor. In Uppsala, these courses have been designed to
be delivered to a very wide range of students, spanning a
number of disciplines from Science and Technology to the
Humanities. This, together with increasingly more frequent
multi-cultural classrooms, determines very heterogenous stu-
dent backgrounds, student levels and expectations, requiring
a strong usage of multiple lecturing styles, types of content
and additional learning resources. In addition, a data scientists
must go beyond the technical aspects of data management.
While non-technical topics can be addressed in other courses,
it is important to keep a broad perspective also inside courses
more focused on IT and systems.

Given the vitality of the area, it is difficult to present a well-
consolidated view of it. Education, not only the data-centered

Ihttp://datascience.berkeley.edu
Zhttp://www.cmu.edu/graduate/data-science
3http://www.sobigdata.it/master/bigdata

52

one, is continuously evolving, for multiple reasons: to include
recent technological innovations; to react to societal chal-
lenges defining social priorities, e.g., an increased sensibility
towards green computing, or an increased preference towards
algorithmic features like privacy preservation; to experiment
new methods, both in lecturing and assessment; to increase
the amount and quality of the material made available to the
students; to motivate and engage the course staff; to adapt to
changes in the student profiles; to adapt to changes in the study
programs involving related courses. Therefore, the following
should not be intended as a static or dogmatic picture, but as
a short-term liquid plan which will continuously change.

To put the content of the paper into the right context, I will
first provide a brief overview of the different courses in the
data management area. Then, details and examples concerning
lecturing methods, role of labs and practical exercises, de-
velopment of non-technological competences and examination
approaches will be presented focusing on two of the courses:
Database Design I and Data Mining 1.

II. CORE COURSES IN DATA SCIENCE AND ENGINEERING

It is difficult to draw clear boundaries between courses
belonging or not to the area of data science and engineering.
Therefore, I will focus on a set of courses that for histor-
ical reasons have been strictly linked together, indicated in
gray in Figure 1. Arrows indicate logical prerequisites. The
basic course in the area, Database Design I, covers relational
database management systems. From the figure, it can be no-
ticed how this course does not directly depend on other courses
providing basic knowledge about technology, e.g., computer
architectures (even if formally it requires free credits in Math-
ematics and Computer Science, including basic programming).
This is a result of the aforementioned heterogenous student
population, including the need to serve study programs like
Biotechnology where students lack a strong background in IT.
Therefore, the material about database systems has been split
among this course (all about designing and using relational
database systems) and the Database Design II course, where
the internals of the systems are studied together with other
database models. In this way, the requirements for deeper
knowledge in Computer Science and Information Technology
only apply to the Database Design II course, which is typically
chosen only by those people wanting to focus on these
aspects. The Data Mining I and II courses are structured in
a similar way, where the former focuses on relational data
and the latter on other kinds of data or advanced algorithms.
Advanced Database and Data Mining courses are very related
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Fig. 1. Course relationships

and expected to interact with other courses, covering aspects
like parallel computing (e.g., how to execute data mining
algorithms on a large scale) and Machine Learning (providing
alternative algorithms to solve common problems).

As database systems are often a fundamental component
of more complex information management systems, they are
also used inside project courses where the knowledge coming
from these and other courses is integrated and applied to solve
real of realistic problems.

III. TEACHING METHODS

Teaching, as well as the course organization, is also influ-
enced by the heterogeneity of students attending the courses.
This requires a broad repertoire of teaching methods and
principles to be applied, summarized in this section.

A. Planning

Course planning starts long time in advance before the
course begins, normally a few months. Apart from basic
bureaucratic needs like planning the number and type of ac-
tivities and allocating the corresponding resources, like rooms
and mentometers (clickers), the course staff is selected and
involved in the course preparation. In addition to informal
interactions with the course assistants, several structured meet-
ings are held: before the course, to agree on its structure,
plan all the dates, activities and assign responsibilities, after
each course assignment has been released, to discuss potential
solutions and agree on homogenous evaluation criteria, after
student submissions, to correct part of the assignments together
(again, to achieve a uniform evaluation), and after the course,
to get feedback and plan future actions. Motivation, and feeling
like being an important part of a well organized educational
project, is very important for the engagement of the course
assistants.

B. Anatomy of a lecture

Lectures still represent a large portion of many courses,
even if more labs and practical activities are being added,
because of the importance of teaching the conceptual and
theoretical bases of data management.

The first part of each lecture (or related set of lectures)
often follows a common structure. Lectures normally start
recalling the big picture, that is, the general plan for the course
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introduced during the first lecture, and showing what part of
this plan corresponds to the current lecture. Signposting [2,
pg. 704] is also used abundantly later on. Then, the Intended
Learning Outcomes of the lecture are briefly discussed. While
this is typically considered an important part of a lecture,
the beginning may not be the best time to present them,
because they can be difficult to understand before seeing the
corresponding content, and they can also risk to ruin the
story of the lecture, in case the lecturer wants to keep some
suspense about the solutions proposed later. Therefore, the
students are often reminded to go back to them after the
lecture as a guideline for their study. They are of course also
recalled at the end of the lecture, while wrapping up. Finally,
all lectures include an initial motivation of the content, to
convince the students that is it worth paying attention to it. This
can be done in different ways, either by providing references
to the real world, anecdotes, or by involving the students in
activities and/or discussions where they realize themselves the
importance of the topic.

Here are some examples. If the objective is to show
the importance of relational database management systems,
one thing is to tell the students that these systems are very
widespread. Another potentially more effective way is to ask
them to think of a typical activity, for example buying a Ferrari
on eBay, and trying to find how many relational systems
they have used at the end. In this way, the course content
becomes linked to the students’ everyday life. If the objective
is to understand the importance of integrity constraints to
guarantee the quality of the data, one thing is to say that they
are important. Another more effective way is to give some
data to the students and ask them to vandalize it, making it
inconsistent, to highlight how most of their actions would not
be allowed by a well-designed database.

The main material is then presented, when possible in
multiple different ways. For example, to explain how a Normal
Form®* works, its intuition is provided, then its formal definition
is stated, then the students experiment themselves with it
on an in-class exercise, they discuss some of their different
solutions, the main outcomes of the exercise and discussion
are summarized, and students answer one or two quizzes using
clickers. The main objective is to provide different kinds of
students with their preferred way of learning.

Learning styles do not only involve preferred types of
activities to learn, but also preferred senses. For example,
many questions are given in the think-share-pair format, where
students are first asked to think of an answer individually
(so that impulsive repliers give time to students who need to
internally elaborate the concept to do so), then people have an
opportunity to talk about it, and (if necessary) to discuss about
it. As stated by a student in a recent course evaluation:

[...] all the different ways of learning were in the
lectures. Some people learn best by hearing, some
by discussions, some by acting, see and move. All
these tecniques were covered! :D [SIC]

Apart from the importance of using different approaches to
accommodate different learning styles, this also creates some
variety which may prevent the students from getting bored.

4A Normal Form is a set of formal requirements that some data must satisfy
so that specific types of data inconsistencies cannot occur



9) Would you like having more 1-minute breaks during the lectures?

0 [ [E— [E— [E—
Not at all Very much

14: Did you find the 1-minute breaks useful? Answers: 56
Answer options: Median: 5 Mean: 4.1/5
gﬁh[;(:rnol know/not relevant/do not wish to 2 responses | 4% .
1. No, not at all 4responses 7% [
2. 4responses 7% [
3. responses  14% [N
4. 6responses  11% [N
5. Yes, to a high degree 32 responses 57% [N

Fig. 2. Evaluation of 1-minute breaks without and with explanation to the
students (respectively, course on indexing disk-based data, Aarhus University,
Denmark, 2011, and Database Design I, Uppsala University, Sweden, 2013)

Two important teaching tools used in multiple contexts are
mentometers (aka clickers) and silence.

[...] clickers [...] keeps up the interest. I also like
the 1 minute breaks.

Clickers are used to perform different kinds of activities.
Their main role is in supporting continuous assessment (quan-
titative polls), so that after expressing some concepts it is
possible for the teacher to check if the concept has been
understood and either continue or go back to the material,
depending on the number of correct answers. This has also the
positive side-effect of raising the attention level, which is the
first step in a successful learning process — where successful is
related to the ability to retain the learned information in time
[3]. Another typical usage concerns those cases where it is
not possible to identify one single correct answer (qualitative
polls). In these cases, the answers typically polarize on two
or more alternatives, from which it is then easier to start a
discussion asking the different groups of students to support
their opinions. Another may be not very interesting but prac-
tically useful usage is during tutorials, where students provide
feedback regarding their advancement (e.g., clicking on the
last task number they have solved) and the teacher can know
when to proceed, or when to provide feedback in case part of
the class gets stuck at some specific place.

Silence is also an important part of the lectures. It is some-
times used in a structured form, introducing one or two one-
minute breaks during each 45-minute lecturing session where
students can stretch, relax, talk, think, etc. According to my
student evaluations, this is appreciated by most students if the
reasons behind it have been explained to them — specifically,
the attention curve and their efficient participation. Otherwise,
there can be students liking it (just because they feel good)
and other students not liking it intellectually, because they
think that this reduces the amount of information the teacher
can transfer to them. It is thus important to briefly explain to
them that this is not how students generally learn, as suggested
by the final evaluations in Figure 2. In addition, silence can
be useful as a rhetorical tool, to create tension, or to recall
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attention, or to give students time to consolidate what has just
been presented.

The different teaching tools briefly described so far are then
packaged into more homogeneous macro-types of educational
sessions matching the different kinds of content taught during
the course. Five main kinds are currently used, from the larger
pool of options in [2]:

1)  Traditional lecturing: some topics require detailed
explanations. As an example, the explanation of how
specific scheduling algorithms support the concur-
rent execution of multiple programs manipulating
the same data (transactions). While long lecturing
time is preferably avoided, and mixed with some of
the aforementioned activities, some 15-minute-long
lecturing blocks may sometimes be the best way to
teach some content.

Example-based: the two lectures on conceptual data
modeling are made of a single 4-hour-long modeling
example, where student groups receive a paper with
the specification of a reality to turn into a diagram.
The example is split into small tasks, preceded by
a very short introduction to the components of the
diagram needed for the specific task.
Tutorials/Flipped classrooms: this is used for ex-
ample in the lectures about SQLS. The difference
with the previous macro-type is that here exercises
are solved based on previous knowledge, acquired
through brief lecturing sessions or at home by in-
dividual study, which is then applied and tested.
In Example-based sessions knowledge is acquired
during the session.

Labs: some topics do not require any lecturing effort
at all, and are thus addressed by asking students to
solve practical tasks in the labs. These have gained
more importance during the evolution of the courses,
and in some cases they can become the single strategy
adopted in a whole course [4].

Assignments: These tasks, often executed partially
independently and partially under the supervision of
an assistant, are at the same time examinations and
opportunities to practice previously seen content, or
to complement it. More details on assignments are
provided in the next subsection.

2)

3)

4)

5)

Finally, multiple sessions are aggregated to address larger
chunks of the courses. As an example, the course section on
database conceptual modeling is composed of two lectures
(where diagrams, concept and methodology are introduced,
example-based, 4 hours), some individual study time on pro-
vided exercises with solutions (around 2 to 4 hours recom-
mended), a more complex real assignment (around 10 expected
hours of group work) plus the corresponding feedback meet-
ings and discussions with a tutor.

C. Labs and practical assignments

Two types of assignments are currently used. One to learn
the concepts, made of simple tasks designed to guide the stu-
dents step by step, and one presenting some real (or realistic)

5The language used, among other things, to extract information from a
relational database



tasks, to develop the students’ ability to independently apply
their knowledge. The latter is of great importance in data-
centered courses.

Focusing again on the database conceptual modeling exam-
ple, two recently used assignments of the second type consisted
in modeling respectively a database for the European Patent
Office, storing information about the patenting process, and
the European Protein Data Bank, storing information about the
structure of proteins and the corresponding scientific literature.
As said, the objective is to test the students’ knowledge on
a realistic scenario, to prepare them to deal with the real
world. Differently from typical academic examples used to
learn conceptual modeling constructs, real specifications can
contain redundant, vague or even inconsistent information,
they can refer to a topic students’ are not familiar with and
be long and complex. Therefore, a traditional presentation of
conceptual modeling can be insufficient and misleading. This
has been verified multiple times at a later stage of education,
where students successfully passing a Database Design course
found it difficult to apply those concepts during their master’s
thesis projects.

The other kind of assignment is typically designed to fit
one 2-hour lab and in some cases it replaces material previ-
ously part of a lecture, e.g., embedding SQL in programming
languages (which does not contain particularly challenging
knowledge needing an explanation by the teacher).

Assignments are performed in groups, partially because of
resource management — so that each group can get enough
support by its tutor, partly to take advantage of the positive
effects of the social context on learning, an aspect that is
also exploited during active classrooms and has been long
recognized in the pedagogical literature [5].

D. Examination

The assessment of data management courses has been
strongly influenced by outcome-based education (OBE) [7].
The written exam of the Database Design I course is cur-
rently based on learning outcomes, where tasks belong to
two categories: pass, concerning practical abilities of solving
basic problems in the different areas of knowledge of database
systems, including conceptual modeling, relational modeling,
normalization and SQL, and advanced, requiring the solu-
tion of more complex practical problems and also involving
theoretical knowledge. A combination of different types of
questions is used depending on the tested knowledge [6]:
open questions, practical tasks and multiple-choice questions.
Passing questions are important to ensure that a student passing
the exam is able to solve basic problems in all the most
important steps of database design and management.

However, this type of examination alone is limited, partic-
ularly in this domain. Constructive alignment [1], which is a
type of outcome-based education, seems to be a fashionable
asset of educated teachers nowadays, but it can be easily
misused. Data management courses are designed to prepare
the students for life, not to pass the exam. Life will seldom
present the same challenges found in the course syllabi, and
also involves high-level competences not easily described by
a simple verifiable learning outcome. Instead of just aligning
the exam to the course content (which is also done, to some
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extent) I personally prefer to motivate the students to learn
because they like the topic, and to give them some tasks related
to the course that they were not specifically trained to solve.
Technically, this can also be called constructive alignment, but
it is a less precise version of it partially giving up the need
to test a clear set of outcomes and trying to put the students
in a less structured context. It is worth noticing that critiques
to the general principles behind OBE abound, apart from my
personal point of view [8], and in my personal opinion they
are particularly relevant in the context of data management
education.

Two typical examples of more complex and not-so-aligned
examinations are the aforementioned conceptual modeling
assignment, and the data mining project, where students are
given some real, large data with almost no directions, and are
asked to do something with it applying their knowledge of data
mining.

As an example, a group of students from the last edition
of the Data Mining I course tried to classify the risk of
post-traumatic stress disorder in veterans of the US army,
starting from census data provided with no further explanation
or requirements. This kind of activity went far beyond the
simple application of Data Mining algorithms, connecting data
analysis with societal issues, reasoning about different kinds
of knowledge that can be hidden in the data, keeping a view
over a big picture, and also applying a number of tools and
concepts learned in other courses, like the usage of a relational
database to store and pre-process the data.

IV. CONCLUSION

To conclude this brief description of how data science
and engineering is taught at Uppsala University, providing a
certainly partial but hopefully insightful presentation of our
current educational practices, I would like to summarize some
characterizing aspects of teaching this discipline. The large
student variety, higher than in other IT courses, leads to strong
requirements in the course dependencies, so that each course
can fit its intended audience. The discipline also requires a
delicate balance of theory and practice, and necessitates to
include experiences involving real (or at least realistic) tasks.
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Abstract— although ethical understanding and its following is
essential for every member of a society it becomes more crucial
for professionals in general and Computing Professionals in
specific. Recent literature has many reports on the misuse of ICT
and the unethical or misconduct of Computing Professionals. The
work tries to identify the specific reasons why Ethics Education is
essential for Computing Professionals. After reviewing models
and factors of ethical development in general, the work proposes
an integrated ethical development approach to be incorporated in
the Computing Education Curriculum. The approach on one
hand emphasizes the value based ethical development of students
to enhance the personality and the values are generic in nature
and would need the judgment of the individual in application. On
the other hand it suggests course specific case-based contents to
be taught to the student to prepare them for the agile issues
specifically arising in the technical areas. The work would also
propose the establishment of a National Centre for Ethics in

Computing at Al Baha University.
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l. INTRODUCTION

The objective of the professional education is to produce
graduates who are competent in their profession and would use
their competence for the welfare of the society. While we teach
for competence at the professional education level we ignore
ethical development of the graduates. It is strong ethical
development which will compel the professionals not to be
selfish rather to use their competence for the welfare of the
society in general.

The paper discusses the importance of ethics for computer
professionals. Then it highlights some of the misconducts
commonly committed by the computer professionals. It also
describes some of the possible misconducts which may not be
visible to the general community.

An outline of the Integrated Ethical Development Approach
is presented. The approach suggests incorporating ethics at two
levels in the curriculum for computing professionals at higher
education. One is to include explicit contents on various ethical
values in the courses. The values selected should be in
accordance of the priorities of the local social setup. Secondly
to incorporate the technical domain specific ethical issues as
examples and case-based in the respective subjects. The
approach is also suggesting on defining and adopting policies
for the academic institutions to enhance the ethical
development of Computing Professionals.
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1. ETHICS AND COMPUTING PROFESSIONALS

Understanding of ethical values is more important for
Computer professionals [4] and unethical behaviour of
computer professional bear drastic results [13]. Therefore,
many works like [14] strongly suggests research in ethics in CS
education.

Importance and relevance of ethical development can be
looked into in the context of the following three concerns.

A. Wide span of Application

Computers have a wide span of applications compared to
other professionals like medical doctor, engineer etc who
would mostly be engaged in a specific field. A computer
professional has a variety of fields to work in, from hospitals,
constructions, banks, general administration to industries of all
types. Whereas understanding of code of ethics may be
useful/helpful/sufficient for other professionals, it may be
difficult to comprehend the roles a computer professional have
to play in a single code of ethics [15]. Rather the usefulness of
Code of Ethics has been questioned by many studies even in
other professions [16].

B. Enormous Growth with Unprecedented Speed

The growth of ICT has been enormous in a short span of
time. A relatively slow pace of development has given other
professionals a time to understand the social and ethical
dimension of their technology/profession. While in ICT
sometimes new developments bewilder even the experienced
professional on ethical decision making [2].

C. Lesser Interaction with Humans

Perhaps the most important aspect of computer
professionals is their lesser interaction with humans. Most of
other professionals interact regularly with people. Their
unethical behavior or attitude can be observed easily and
quickly. A remedial action or a shielding effect can be adopted.
As computer professional work mostly with or through
computers, their unethical behavior or attitude may go
unnoticed long before it may be remediated or shielded from.

I11. CASES OF MISCONDUCT OF COMPUTING

PROFESSIONALS
"We live in a time when our understanding of the role of the

teacher and the power of Values Education are coalescing.
No longer is Values Education on the periphery of a



curriculum that enshrines the central roles to be played by
the teacher and the school in our society.” Terry Lovat [22]

Various studies show that the ethical development of our
students and graduates are declining [1], [8]-[11], [22]-[24],
[31]. Technological development is making ethical issues more
prominent [2]. Keeping in view the situation UN and UNESCO
has to start special "Ethics Education Program™ [25], [26]. The
European Universities and other European association had to
arrange a conference to put a declaration on the ethical
development in higher education [2], [27], [30]. The
establishment of Code of Ethics by almost all professional
bodies is also an indication that there has been violation [38].

It is common to see computer professional violating ethical
values in their professional work. Data and privacy violation is
quite frequent. Literature [1], [4] reports many such cases.
Similarly misuse of authority is also reported frequently.
Similar cases which may be visible to the commons are many.
Let's look into the situations which are less observable to the
non-technical people. Many of them can appear in the software
development and related activities.

Software development is a creative activity like poetry and
painting etc. In spite of different techniques for measuring the
productivity of a developer [4] the time frame given and used
by the software developer depends to a greater extent on the
moral attitude of the developer whether he is wasting time or
really putting all his efforts.

Software engineering literature is full of cases of the
failures of software projects. It has been reported that up to
24% of software projects are abandoned [21]. Does software
developer feel the same guilt would be felt by other engineers
and developer if they had the same high rate of failures?

Software patches or corrections are common even in quite
popular software after releases. Does the software developer
feel the moral obligation not to deliver product until full
satisfaction that the product is free from any faults and that the
product will be up to the satisfaction of customer?

Customer are pushed to buy new version of software
although the existing software more than enough for my needs.
The push for the new version maybe because the company
released unfinished product just to beat the competitors or
maybe wants the customers to pay again for the software or
maybe they are stopping others to develop further components
for the software. Is it ethical to release a software whereas it is
known that new features will be added soon?

The size of the software is increasing exponentially from
early times of kilobytes to gigabytes. How much of the source
code in the software is rubbish -leftover of various tests and
unused statements.

Similarly we all witness that using a computer continuously
for long time the hard disk accumulates rubbish left by the
software executed each time. Whose moral responsibility it is
that this rubbish should not be created and should be cleaned
on the termination of the software?
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ETHICS EDUCATION IS ESSENTIAL FOR
COMPUTING

If we look to the various professional programs, in general,
they emphasize two aspects of graduates and professionals, i.e.,
to be technically competent and beneficial to the society.
Benefit to the society is associated with the understanding and
binding of ethical values [17], [18]. If we look to the curricula
of Computer Science programs, 90% of courses are targeting
technical competence and managerial issues [19]. ACM/IEEE
curriculum Task Force is recognizing the importance of ethics
and has defined a Knowledge Area "Social & Professional
Issues” [19]. Still it is too little as compared to the important
role ethics play in the professional life of Computer
Professionals. Our education system is not ready to take care of
the deficiency of ethical development [20]. In general very
little is given and taught to persuade the student how to use the
technical competence for the benefit of the society. It would be
perhaps enough to teach a course on professional ethics if the
assumption that the basic ethical development of the student
has been done at the earlier stage of student's life was correct
[18]. As already mentioned that has not been there. In such a
situation, does a course on- ethics, professional ethics, or code
of ethics suffices the job [16]?

Therefore, the work suggests that although the requirement
is general but specially for computer students we need to
provide more understanding of ethics [3], [4] not only on
professional ethics but ethics in general or human ethics.

V.

V. MODELS AND FACTORS FOR ETHICAL DEVELOPMENT

Ethics is the formalism of interaction and norms in a
society. Societies develop ethical values to let the members
cooperate for a smooth and happy social environment [29].
How do members of the society learn and adopt those values?
The sources can be divided into three main categories i.e., the
family & friends, members of the society/community in
general, and the formal education. The role of these sources has
been changing in the near past drastically regarding the ethical
development.

The first learning place is the family for every child. The
basic moral values are learned by example and explicit "told
off" from the family. Mother, father and siblings play a major
role in the moral development of child. Next comes the friends
and near relatives with whom the child interacts. These
interactions and give & take mold the character of the child [1].

When the child grows and goes out of home he learns from
the people around in the community. What he sees on the road,
in the shopping malls, in the play grounds and in the
community centers like places of worships is absorbed by the
child. These interactions shape the ethical values of the child
[11].

The third source is the formal education systems. From the
KG to the university what the student is being taught about the
ethical values and the importance of the binding to these
values. In the formal education main role is played by the
character and attitude of the teacher [22], while contents of the



material being taught and the environment & policies of the
institution are the other major factor.

Now let's look into the status of the three sources of ethical
development.

Family systems are breaking and have reduced to only
mother, father and siblings. Parents don't have time for the
children. It's becoming rare to see the family sitting together.
Everyone is busy with their own gadgets. As indicated by [23]
children are not learning values at home & schools and they
don't understand ethical issues.

The societies are becoming individualistic and not only
interactions are reducing but guiding and prohibiting of a child
is disappearing from the society [31]. Modern communities
play minimal role in the character development of a child and
even do not feel responsible for that.

Although one of the objectives of education is character
building [22], [31] unfortunately formal education has almost
no contents for ethical development. The college and university
level perhaps feel it's not their domain [18]. At the early ages of
child also unfortunately the moral lessons and stories are
disappearing (rather disappeared) from schools and even pre-
school teaching material [28]. Some studies [1] indicate that
some moral values even deteriorate with the university level
education.

In general, apart from various other factors, the
disappearance of ethics can be attributed to the Scientific
Approach [25], Economic Push [18], Quick Outcome and
Diminishing Family Systems [28].

Therefore, none of the basic sources of ethics and character
development is playing their role adequately [28]. In such a
situation when the students/graduates are not developed in the
basic ethical values. Teaching them just a course in
professional ethics or teaching them a professional code of
ethics cannot bring the ethical understanding and binding
required for the welfare of the society [16].

VI. Focus oF oUR WORK

The work is not concerned only about the Technoethics or
the Professional Ethics. Both of them have their own place and
importance. With the changing world, advances in technology,
emergence of newer professions, and new professional issues,
definitely there is a need for the enhancement and
understanding of all these ethical values [29]. But the issue is
will it work when we have not prepared the foundation for it.
Graduates lacking the basic ethical values, would they value
these lessons in professional ethics or the spirit of code of
ethics [16]? The study is emphasizing that understanding of
basic ethics has to be inculcated in the computing professionals
[3]. Ideal would be that the younger generations are equipped
with ethical values from the childhood at home, community
and schools. But in the absence of that the last hope remains
with the professional education. As suggested by many
researchers [16] ethics can still be instilled at the adult age and
in undergraduate programs. Lovat [22] explains the "Double
Helix Effect” of education and ethics, if we can instill ethics in
the student it will improve the technical competence or learning
of the student as well. The computing curriculum has to take
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care of ethical development. Although technical competence is
important, covering of all contemporary topics are necessary
but graduates lacking ethical values become useless to the
society [1]. Their competence may be useful for themselves but
at times may become even dangerous for the society.

One concerning issue is, what are basic ethics? As already
discussed many of these are dependent on ethnic beliefs and
local community traditions etc [15]. But still we can identify
universal basic ethical values [3]. Colby [18] has derived the
basic values from various codes of ethics. Similarly Ali [1]
identifies the ethical values concerning the academic
environment. In fact the variations are mostly in the extent or
emphases and in the details. One community gives more
importance to one value than another. These can still be left to
the local environment.

VII.

A. Ethics at Higher Education Level

The work is recognizing the importance of ethical
development for computing professionals and also the fact that
the factors which could play a role in the ethical development
of the student have not played their role efficiently. Now this is
the last step before the student would become a professional
and join the practical life of society as a professional.
Therefore, as suggested by [22], [33] and [34] it is strongly
recommended to use this opportunity and incorporate ethical
development as an explicit effort in to the curriculum at higher
education levels. There is a chance that it may be more
effective because the students/professional have more mature
minds and appreciate this effort.

INTEGRATED ETHICAL DEVELOPMENT APPROACH

B. Complete Personality Development

The work is emphasizing on the complete personality
development. It is not opting for academic ethics i.e., not to
copy, plagiarize etc. nor for just professional ethics. These are
auxiliary issues and would be effective only when a proper
base is present. The target is to produce graduate who
understand and practice the basic ethical values. The ethical
values which the society upholds recognize and stand for.

C. Integrated Support for Ethics

The ethical development has to be integrated into almost all
the courses offered to the students and through an ethically
conducive environment of the academic institution. The ethical
values should be spread over various courses. Some can be in
terms of relevance and some even at random. The academic
institutions should adopt policies where they high the ethical
values they are concerned about [36], [37]. Teachers should be
trained to observe and evaluate students for ethical
development beside the technical knowledge they impart. It is
even suggested that Ethical development and its performance
should be included in the formal evaluation system.

D. Values Development with Specific Technical Domain
Apllication

The ethical development at the professional level should be
in two categories as suggested by [29] i.e., ethical values and
subject specific technical domain understanding of ethical
issues. The ethical values should be selected according to the
social setup. These values can be incorporated into various



technical and other subjects, explicitly mentioned as the
particular value [16].

Majority of the professional subjects have their own ethical
issues. They should be treated inside the respective technical
domain, for example the ethics of software design, ethics of
programming, ethics of databases, and ethics of network
administration. Subject specific understanding of ethical issues
and applications should be taught through case studies and
examples.

VIII. CONCLUSIONS

In this work a case has been presented that understanding of
ethical values and their binding is very important for all
professionals in general but it becomes more critical for
computing professionals because their interactions are mostly
with machines and the visibility of unethical behavior is lesser
and delayed. At the same time the technology is changing so
fast that everyday computing professional are faced with new
ethical issues. For the prosperous and happy development of
society ethical behavior play a major role. It is also shown that
teaching a course only on professional ethics or code of ethics
is not very useful, because the students are lacking the basic
understanding of ethics. The early life sources of inculcation of
ethical values from the family, community and early education
is diminishing because of economic pressures and other social
changes. The work is proposing an Integrated Ethical
Approach where the undergraduate curricula of computing
should take care of this deficiency. They should incorporate
explicit contents on ethical values in various subjects. At the
same time the technical subjects should have respective
examples and cases of handling ethical issues specific to the
domain. The work is also suggesting the academic institutions
of computing profession should come up with special policies
to make the institutions environment conducive to ethical
development of the computing professionals.

At the end it is proposed that Al Baha University should
step forward and establish a National Centre for Ethics in
Computing Profession. The university will not only become a
leader in the region but the only one in the world. It is proposed
that the centre will continue further on the various issues of
Ethics in Computing.
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