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Cognitive-behavioral treatment of depressive
disorder: review of the case
Amela Abidovic-Mackovic
Centre of mental Health, Zavidovici, Bosnia and Herzegovina.

Abstract
The article shows cognitive-behavioral therapy
of depressive disorder. Cognitive-behavioral treatment of depression is highly structural, practical
and successful intervention which treats depression through finding out of behaviour and patterns
of thoughts which cause depression. Interventions
which are generally used in the treatment of depression involve planning of the chart of activities, prediction of joy and gradual tasks, training
of social skills and assertiveness, consolidation,
asking about and changing of negative automatic
thoughts, assumptions and schemata, deduction
and changing of plans, examination of disfunctional thoughts connected with despair. Some of
techniques used in this case are: abdominal breathing, keeping a diary of activities with notes of programme of activity and mood in a week, planning
of programme in a week: prediction of pleasure
and achievements, self-observation of food taking
in and making of plan for meals, psychoeducation,
cognitive restructuring, reduction of self-critic and
increase of self-respect, then construction of affirmation and writing them down.
Key words: depression, behavioral theory,
cognitive theory, cognitive-behavioral therapy
1. Introduction
The author Harrrington [1] distincts depression
as isolated symptom which can be a part of normal
scope of human emotional reactions, which many
people experience at some time of their life; then
depression as syndrome which is usually defined as
combination of depressive mood with certain joined
symptoms. Depression as disorder of mood (lat. depressio – push, press, bulge inward or oppress) is
the most common psychological disorder today, and
its main characteristics are deprssive mood, loss of
interest and joy in almost all activities, strenghten
tiredness, psychomotorical agitation, feeling of quilt
Volume 12 / Number 2 / 2017

and decreased self-respect, disorder of sleep and appetite, and loss of concetration. The symptoms may
become chronic and lead to significant loss of person’s ability to take care of himself/herself. In the
worst case depression can lead to suicidal ideas and
attempt to commite suicide [2].
1.1. Clinical picture of depression
There are two main symptoms of depressive
episode: depressive mood or sadness and/or significant decrease of joy or interest for mostof other
activities, and this include the fact that the symptoms have to be present in the period of at least two
weeks. Depression causes deep suffering of ill people, and most of the experts agree that it belongs to
the most painful life experiences for man today [3].
Other key symptom of depressive episode is
significant decrease of joy or interest in almost
all activities (apathy). This symptom is almost always present, at least to some extent.
Persons usually describe it as feeling of loss
of interest for their hobbies or that they don’t feel
pleasure anymore in activities which created pleasure for them earlier.
Beside two key symptoms, Diagnostic and
statistical manual for mental illness quote seven
more symptoms, beside two mentioned, which belong in Criterion A for establishment of diagnosis
of depressive episode [4].
Although we have clearly selected clinical charasteristcs of depression, large number of persons
who have depression never get help. Researches of
the authors Pratt and Brody (2008) show that 76%
of persons with moderate depression and 61% of
persons with hard depression never get help [5].
1.2. Theory of depression
Theoretical models which show the origin of depression can be sort out in two main categories psy87
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chosocial and biological models. Biological models
are based on biochemical and genetic researches,
and psychosocial models include psychoanalytic,
behavioral and cognitive explanation, and understanding of influence of social environment (interpersonal models and theories of life stress).
Behavioral theory of depression
Behavioral theories are based on cognitions that
depressive behaviour appears at the places where
existed inadequate and insufficient stimuli which
lead to the feeling of life without love and rejection, and as result of this we have creation of bad
picture about ourselves, and that represents the essence of depressive behaviour [6]. In the frame of
behavioral theory of depression two theories are
going to be mentioned:
– Theory of social skills by Peter Lewinsohn
and
– Theory of self-control by Lynn Rehm
Theory of social skills by Peter Lewinsohn
The author Lewinsohn [7] connected insufficient source of reinforcement and phenomenon of
depression. They think that the low level of positive reinforcement from the environment is critical ancident for appearance of depression. Positive
reinforcement has to follow behaviouror it will be
lost and the person becomes passive. Low level of
reinforcement is also connected with the feeling
of disphoria which is actually essential in the appearance of depression. The second reason of depression can be in the presence of great number of
punishing experiences. The punishing experiences
can be directly or indirectly connected with the lack
of personal investments, activities and the feeling
of pleasure in the future, and this at the end leads
to appearance of depression. Lack of positive reinforcemrnt affects at appearance of few symptoms
of depression; loss of positive sexual experience,
reduced social interaction, pleasure activities, and
competent abilities. Punishing experiences are connected with next groups of depressive symptoms:
instability of marriage, problems at work and larger
number of negative reactions from other people [8].
Theory of self-control by Lynn Rehm
The theory of self-control by Rehm [8] directed to unsuitable ways of confrontation with
88

stress, especially on the field of self-observation,
self-evaluation and self-confirmation. The wrong
evaluation of depressive person directs attention
to negative events and wrong evaluation of own
achivements which result with self-infliction, stating of unreal aims and by realization of short-term
consequences of man’s behaviour. The treatment
of depression by theory of self-control is realised
with stress about generated deficits in self-regulation: self-observation/selective directions on
negative events, self-evaluation/strict standard
and self-confirmation/excessive self-infliction –
hypercriticality and feeling of quilt.
Cognitive theories of depression
Cognitive theroies of depression are directed
to self-disastrous thought processes of depressive person. Cognitive processes have key role in
emotional behaviour. According to some theories
of depression, thoughts and believes are considered as important factors which cause emotional
conditions or affect them. In the frame of cognitive theories of depression we’re going to mention
theory by the author [9].
Cognitive theory of Aaron Beck
An important contemporary theory, in which
thought processes have casual role in depression,
is theory by Aaron Beck [9]. Depressive persons
have thinking which is biased aimed at negative
interpretations.
According to Beck in the childhood and adolescence period depressive persons get negative
schema because of loss of parents, constant series
of tragical happenings, social rejection from peers,
teacher’s reproofs or depressive attitude of parents
[10]. These negative schemata later become their
believes about themselves and the world around
them. Negative schemata or believes, which exist
at depressive person are activated every time when
they are in some new situations which remind him/
her on circumstances under which the schema was
learned. Negative schemata, together with cognitive
distorsions, reflect negative triad: negative thoughts
about yourself, about the world and the future. Main
cognitive distortions of depressive person are: personalization-interpretation of events by egocentric/
subjective way; need for comparation with others;
polarizated opinion/ dichotomic-opinion in terms
Volume 12 / Number 2 / 2017
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„ everything or nothing“; selective extract/ mental
filters – it is taken only individual details in each
situation and after that it is formed generalization
and taken negative conclusions based on that detail,
these generalization and conclusions are relevant for
man’s own value; outrageous generalization – one or
smaller number of events are taken as proof which is
used for creation of general conclusion about man’s
own behaviour/value/happiness; arbitrary extract –
creation of conclusion about events/experience, although there are no evidence which can affirm that
conclusions or they are completely opossite to the
proof [5]. Some other cognitive distorsions like:
cataclysm, emotional conclusion, outrageous exaggerating/remission; reading of thoughts, statements
should and have to and tunnel viewing are also
known. Beck and sur. showed that depression and
certain forms of thinking are in corelation, but nothing is known about specific casual connection. It is
possible that depression causes negative thoughts,
but it is also possible that negative thoughts cause
depression [9].
2. Study of the case according to KB model
2.1. Introduction
Treatment of the person who has depression is
implemented by guidelines from the book Plans
of treatment and interventions for depression and
anxious disorder [5]
Client: The client is 45 years old, he finished
secondary school, profession forestry technician,
unemployed today, he has never had a job. He
lives with his parents.
Main complaint: The client came because
psychiatrist suggested that because of depressive
symptoms. His main complaints are: apathy, loss
of interest, hopelessness, lethargy, disinterest,
problems with sleep, loss of appetite. He often
thinks about illnesses, and he is afraid that he can
get some hard disease, until now he had several
physician’s examinations because he was afraid (
test results are mostly proper ).
Time frame: the problems he has the client explained as „ extension“ to anxious problems which
he had before. He said that in 2004 he had had his
first panic attack, which wake him up and he was
very terrified and scared for his life. Next panic attac
Volume 12 / Number 2 / 2017

happened while he was travelling to Sarajevo. Last
panic attac he connects with the situation when his
mother went to have a surgery in the hospital. Beside this, the client says that in 2011 and in 2012 he
had as he said obsessive thoughts, which disturbed
his car driving, standing by the road etc., while
he denies presence of obsessive thoughts today.
Thoughts which he has now are: „ I am weak, alone
and miserable“, „ I feel bad and can’t do anything“,
„I’m apathetic“, „I’m weak and powerless“, „ I’m
incompetent and worthless“, „ I’m ill and depressive“, „ I have strong symptoms of depresion“, „ I
can’t work because I’m ill and weak“, „ other people
bother me and they waste my energy“. Because of
all these things the client spents great part of the day
in his bed, he gets up from his bed at noon because
he believes it can help him to have a rest, he doesn’t
go to noon’s socializing with his friend as he did
before, and he especially avoids going out at night,
he doesn’t look for job and he doesn’t show any
interest to work, he doesn’t read books because he
doesn’t have concetration, he avoids to ride a bike.
His only activities lately are connected with late getting up from his bed, breakfast, making the bed, going to physician’s examination, lying, the Internet,
relaxation and communication with his parents. Further about physiological problems he emphasizes
heavines in his body, fatigue, quick tiredness, loss of
strenght, loss of weight, choking in his chest.
Disponating factor: After his brother’s death,
the client was mostly too protected, when he was
under stress he often relied on his parents, primarily his mother. When he returned home from
abroad he didn’t manage to fit into new environment, to find a job, he became occupied with illnesses and that caused concern of his parents in
addition. A few friends with who he was in contact
found a job and got married, and he stayed alone,
that was the moment when he started to develop
negative opinion about himself, based on the fact
that he is weak and incompetent.
Moderator influences: The client stays in bed
till late hours with hope to have a good rest and
more strenght for the following day with that
kind of behaviour. He trys to reduce his activities
to minimum to save his energy. It helps when his
friend calles him to have a coffee because then he
doesn’t think about problem, it also helps when
he drives his frient to another town, when he talks
89
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with his parents who understand him and try to resolve the problem together with him. However, all
these activities he can do only for a short time, because when he does them longer he becomes tired.
Maintenance factors
Behavioral: when he is tired healso has the
feeling of sadness and hopelessness, whenever he
can he goes to his room, lies on the bed, trys to
sleep and to find answers for next questions „ why
is this happening to me, when I’m going to be better, for how long this is going to last, when will the
pills have an effect, is this therapy good for me at
all, maybe I need another therapy etc.“.
Cognitive: Thoughts which predict that maybe
it will never be better, that only treatment in the
hospital can help him, that he will become so unwilling and tough that one day he won’t be able to
get up from his bed, and that the therapy will never
start to have an effect.
Affective: Expressed sadness, grief and anxiousness because of the mood collapse.
Avodiance: he avoids to do everything concerned with physical activity, because he believes
that in that case he will lose strenght, he avoids

more often and longer meetings, going out to have
a coffee, visiting of his friends and relatives, and
doing some household jobs.
Confrontations: He seeks to visite psychiatrist
regulary, to take therapy and to be informed about
antidepressants.
Mental condition: depresive, anxious
2.2. Plan of the tretment
Applied therapy interventions are bihevioral
(abdominal breathing,and progressive muscular
relaxation, keeping a diary of activities with notes
of programme of activities and moods in a week,
planning of programme in a week: prediction of
pleasure and achievements, planning of pleasant
activities, behavioral experiment, enforcement of
survey, technique of the most terrible event, exposure, development of statements for overcoming, „ cards for facing“) and cognitive (psychoeducation, cognitive restructuration – work with
negative automatic toughts, modification of mediate rules basic belief, training of social skills and
treatment of insomnia). Table 1 shows the aims of
treatment with applied interventions.

Table 1. Aims of treatment and interventions
Aims

Interventions

Reduce the symptoms of depression
Psychieducation, cognitive restructuration, examination of rea(decrease the feeling of hopelessness, de- sons for hopelessness, examination of evidence for and against that,
jected and disinterest, BDI-II is less than 10 development of adaptive answers, behavioral experiment, technique
during one month)
of survey, technique of the most terrible event, schedule of activities
Elimination of behaviour of avodiance
(staying in bed, in the house, in the room,
silence...)
Changing of believes about dangerous
from depressive symptoms
Changing of rules/ assumptions /
believes
To visit family with his mother and to
stay till the end
To improve the hygiene of sleeping
(sleep 7-8 hours )
To increase number of pleasant activities (go out with friends more often, ride a
bike, read books, contact with relatives)
To increase number of social contacts
(three in a week)
90

Making a hierarchy of situations which are scary and situations
of avoiding, exposing in vivo, refocusing/ distractions, coping cards
Psychoeducation, cognitive restructuration, behavioral experiments
Cognitive restructuration, exposition, training of
assertiveness,examination of self-critical thoughts, self-rewarding,
creation and use of positive affirmation
Exposition, refocusing, coping cards, techniques of relaxation
Relaxation, plan of treatment for insomnia
Planning of endorsement, schedule of activities, gradual tasks
Training of social skills, exposition, planning of endorsement,
schedule of activities
Volume 12 / Number 2 / 2017
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3. Results of treatment
The aims which are set, except the one to
find a job, are accomplished in a period of three
months, and a meeting every week. The patient
went to sleep around 11 p.m. and woke up at 7
a.m. He woke up several times during the night
but he went to sleep again. When he woke up himself he wouldn’t stayin bed anymore but got up
immediately and started with morning activities.
He increased the number of pleasant activities:
he spent time with his friends in the noon, and he
started to go out in the evening usually on weekend, he visited other towns, he drove his mother
to nearby town and visited family with her, and
he didn’t avoid family meetings, his appetite was
better and he had three meals a day, he got some
weight – two kilograms, he wrote his biography
and applied to find a job and by himself asked to
talk with one director about the job. He started to
read novels, and he managed to watch the whole
movie. Now you’re going to see Table 2. which
shows patterns of new believes.
4. Conclusion
The aims of the treatment which are accomplished by usage of the cognitive-behavioral therapy result in important and visible changes in behaviour, mood and cognitions of the client, which
are seen in improvement of general levels of functionality and motivation for further expositions
to situations of avodiances. During the treatment

it was necessary for the client to take prescribed
pharmacotherapy, and that helped in the process
of treatment. Application of behavioral methods
affected on decrease of avodiance and facing
with stressful and difficult situations, and cognitive methods provided restructuration of negative
believes and forming of new more functional believes. In the case of new depressive disorder or
similar comorbid conditions standard cognitivebehavioral treatment should be adjusted to the client and it should involve additional psychotherapy
interventions.
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Table 2. Result of cognitive restructuration
Old believs

Before

Now

I’m weak and powerless

100%

30%

I’m incompetent.

100%

50%

I’m ill man.

80%

50%

Others are better than me.

90%

40%
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New believes
Depression makes me powerless. As I
work on myself I’ll surely be stronger and
more powerful
I am competent and I accept myself the
way I am, sometimes I failed but that is
normal.
Sometimes we can feel pain but that
doesn’t mean that I’m very ill.
Nobody is always strong and we all have
something what we don’t have, something what we can’t accomplish. I have to
work harder to succeed, and that doesn’t
mean I won’t manage that.

Now
100%

70%
80%
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Analyzing the digital practices of university
students to improve learning
Marta Lopez-Costa
Department of Theory and History of Education, University of Barcelona, Barcelona, Spain.

Abstract
Not all young people have high digital technology competences, and they do not use them to
do the same activities and practices on the Internet. Students recognize that its use in classrooms
in higher education is much more restrictive and
traditional [1][2][3]. New student profiles and the
features of a digital society have prompted a need
to change educational approaches so that they are
more focused and adapted to students and their
learning. For this reason, it is necessary to listen to
what students say about their Internet practices in
both a personal and academic context.
The main goal of this paper is to analyze student practices and digital spaces requiring participation on the Internet, where technology acts as an
intermediary for the university student’s learning,
and how it impacts higher education. The “Day
Experience Method” [4], has been applied in order to obtain data from students that are related
to their online activities in different contexts (academic, personal and professional). The analysis of
the results provides us with a good foundation on
which to build proposals that will improve teaching and learning practices at university.
Key words: Digital practices, higher education, Day Experience Method, Internet participation, digital education
1. Introduction
The high levels of online participation of young
people and their regular use of smartphones, has
led us to assume that they have high digital capabilities. However, the literature [1][2][3] shows
us that this assumption should not be generalized.
Not all young people have high ICT (Information
and Communication Technology) competences.
Besides, outside of the classroom, students are
recognized as being average and expert users of
the Internet with objectives of communication, soVolume 12 / Number 2 / 2017

cial interaction and finding information [5][6]. At
the same time, they recognize that there is a much
more restrictive and traditional use within tertiary
classroom environments. There is a big gap between students’ informal use of technologies and
their use within the university [7].
The new student profiles and the characteristics
of a digital society have prompted a need to change
educational approaches for others that are more focused and adapted on student learning. Moreover,
educational institutions haven’t integrated the digital technologies alongside emergent educational approaches, and elements like ubiquity, open access
and participation in the communities [8]. Some studies have suggested different educational strategies to
promote deep learning such as engaging students in
research activities. Many of the conclusions concerning this research show us that when teachers focus
on students and their learning, students then tend to
approach their studies in a more in-depth way.
The main goal of this article is to analyze student practices and participatory digital forums on
the Internet, where technology acts as an intermediary for university student learning, and how it
impacts higher education.
The first analysis of the use of ICT among
youths [9][10][11][12] defined the high frequency
of ICT use by young people and assigned a number of features and digital skills throughout this
generation. This research attempts to analyze how
young people use ICT and their digital skills, taking into account only the variable generation.
Recently researchers [1][2][3] have shown that
just because they are frequently online and using
specific digital tools, like Facebook, not all young
people have acquired the same level of digital skills.
Having access to an Internet connection does not
translate to all young people having the same digital
skills. In short, being born in the digital age does
not guarantee a high level, and appropriate use, of
ICT in all contexts (both social and professional).
93
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Young people use social networks with great
frequency, specifically, 85% of young people
communicate with friends through social networks [7][8]. However, there are only a few
other activities that are carried out just as often.
They do not use a variety of activities or digital
tools on the Internet. It is dangerous to assume
that young people have automatically integrated
digital competence. It is also naive to assume that
non-digital natives have nothing to offer. Even
those who fear technology can provide a valuable critical perspective [3] neither the young
nor adults have a homogeneous profile and there
is no direct relationship between skill sets and
generations. Whether in school or in an informal
context, young people need opportunities to develop the skills and knowledge related to the effective use of digital technology.
Technological developments and digital societies point to a number of trends that are constantly evolving. From a cross-sectional view, these
trends are present in the online activities of young
people. These trends are related to 1) ubiquity 2)
new forms of participation in communities 3) the
creation of new content, and 4) management and
content searches and information.
Ubiquity. Mobile and ubiquitous technologies
are starting to play a very significant role among
young people. The coexistence of non-mobile devices and phones does not imply an equitable use
of the devices by users. Teenagers are more likely
to have a mobile phone than a desktop computer.
Increasingly, smartphones are providing a variety
of Internet activities and a higher frequency of uninterrupted connection. Different digital tools are
chosen for their functionality and service. Young
people use ICT when they find it useful and they
can use it in different places. For this reason, ubiquitous technologies are one of the most desirable
technologies to the young [13].
New ways of participation in communities.
The Internet and its tools and virtual spaces are an
important issue in developing personal networks.
People often have to actively look for a variety
of appropriate people and resources for different
situations, rather than search for it within a single
community. The Internet is a tool that benefits the
people’s social life in a world that is moving towards “networked individualism”.
94

Creation of new content. ICT makes various
tools and virtual spaces available that allow for
the creation and dissemination of information and
content globally. However, creating content is not
an activity that is completely widespread among
youths. Moreover, it is an activity that young
people have been increasingly undertaking more
year after year. There were very few young people that created a blog (19%) or maintained their
personal pages (22%). Currently, there are more
young people who have either personal pages or a
profile on social networks (71.6%) [14]. The dissemination of such content is generally made on
websites, blogs and through social networks.
Management and information and content
searches. ICT has influenced the way young people manage information held in their memory.
Some of the young resort to accessing information
online when they encounter difficult problems or
questions [15].
These characteristics that define the new digital practices of young people, which often have to
do with multi connectivity and multitasking, are
making more complex their cognitive activity and
their capacity to maintain high levels of intellectual productivity. Therefore, it is increasingly important for students to develop skills to reflect on
their online and offline activity in relation to their
learning, in order to regulate it and direct it according to their own interests and objectives [16].
Research has shown that giving their students
opportunities for choice, control, and collaboration increases their motivation and engagement.
Research on student engagement is devoted to the
analysis of proposals based on encouraging active
involvement and commitment on the part of students. It is assumed that offering opportunities for
students to take control of their learning activities,
reflect and become aware of what they do to learn,
may favor the adoption of deeper learning approaches. The study of “student voice” places students as active agents in the analysis and review
of teaching and learning proposals [17]. From this
perspective, students’ perception and experience
about their learning is recognized as unique and
essential to the improvement of education [18].
Applying student voice principles involves therefore taking also into account students’ digital practices on a daily basis, meaning also the tools they
Volume 12 / Number 2 / 2017
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use, the spaces they participate in, the type of connections to others they establish, etc.
This research aims to collect the perspective of
university students regarding sociocultural practices that shape their digital identity. The intention
is, based on the understanding of these practices,
to develop proposals for teaching and learning at
the university, that are more coherent and tailored
to the learning ecologies where university students
participate.
2. Material and methods
This paper aims to analyze students’ practices
and participatory online scenarios where technology acts as an intermediary for university student
learning. Specifically, the goals of the paper are to:
– Define which components of the students’
digital practices have an impact on learning
activities by analyzing the tools and digital
platforms that students use in different
contexts (academic, personal, professional).
– Create proposals based on the digital
practices of students to improve teaching
and learning practices.
To achieve the first purpose, the research is
based on the Day Experience Method (DEM).
The aim of this method is to reduce the spread and
ideological prejudices that other instruments, such
as interviews, surveys and focus groups, pose. The
method is particularly suitable for qualitative examination of activities performed on a daily basis.
The DEM has been used for other investigations,
such as the case of You are here: Students map
their own ICT landscapes [19][20][4].
Previously, in the first phase of the research,
before applying the DEM, we developed a questionnaire based on different Internet participation
theories [21] in order to classify students into different participation profiles (low, medium and
high). Thereby, we obtained an equitable diversity
of student profiles for developing and implementing the DEM. Data collection was conducted using sequential sampling. For this reason, part of
the sample that participated in the questionnaire
also participated in the DEM. The sample of the
questionnaire was 368 university students attending 2 Spanish public universities (Universitat de
Volume 12 / Number 2 / 2017

Barcelona, an on campus university; and Universitat Oberta de Catalunya, an online university).
The sociodemographic characteristics of the
questionnaire sample are that 33% of the university students are studying at the UOC (Universitat
Oberta de Catalunya) and 66% at the UB (Universitat de Barcelona), representativeness calculated
according to each university’s student population.
On the other hand, 63% of the students are female
and 37% are male, and 50% of the participants are
aged between 18 to 21 years old with the remaining 50% aged between 22 and 50 years old.
The results of the questionnaire show us students’ data regarding their relationship with the Internet that enables us to categorize the sample into
profiles of participation levels of the use of the Internet. However, we found common trends among
students: Most students are online for between
three and five hours daily (45.8%). The rest of the
sample are distributed fairly equally among more
than 12 hours, between 9 and 12 hours, between 6
and 8 hours, and from 0 to 2 hours. Besides, students most often connect at home, where 85.5%
of the sample frequently or always connected. In
contrast, students were least connected while at a
bar or restaurant, with 67.8% of the sample having
rarely or never connected there. On the other hand,
university is the place where students occasionally
connect, either in the classroom or in an informal
context. However, we should take into account that
60.1% of students do not or rarely connect in the
classroom. Furthermore, the most frequent daily
use of digital tools are to send emails (84.7%);
search for information (73.3%), instant message
(81.7%), connect to a social network (55.9%) and
view videos (33.3%).
Questionnaire data allowed the categorization
of the sample into 3 profiles of participation levels
of the use of the Internet. Each dimension of the
questionnaire (devices and connection, ubiquity,
participation in communities, content creation
tools, search content tools, management tools, academic context, personal context and professional
context) has assigned different items in question
form. Each item has the following score: 1 point
to 5 points. Finally, if a student scores from 63 to
101 points he will be categorized as a low profile,
if he scores from102 to 128 as a medium profile,
and from 129 to 182 as a high profile.
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In the following table we can see that profile the
student is placed according to the score obtained in
the questionnaire. The following table details how
those students that participated in the questionnaire
were distributed across the different participation
profiles. Each profile has different features and uses
of ICT. Low profiles tend to not make any creation
content activity, they just read information, forums
or blogs, or sometimes visit their profile on social
networking sites, but they do not comment or contribute. In contrast, high profile students usually
publish their blog or webpage, upload videos and
also write information such as comments in forums
or on social networks. Finally, medium profiles are
those that have a few common characteristics, they
are a very heterogeneity profile. However, a great
majority of these students have a social network
profile and they usually look for information online,
reading websites or blogs.
Table 1. Participation Profiles
Low profile
Medium profile
High profile

25.9%
48.2%
25.9%

In order to delve deeper into the students’ online
activities, we undertook out the main area of the
research, the DEM. After analyzing the results of
the questionnaire, we randomly picked 4 students
of each profile, using RandomPicker software, to
obtain representation of all participation profiles.
Therefore, a total of 12 students participated in the
DEM. The results obtained are detailed in the following section.
The DEM consists of the application of two
instruments, the first is based on a series of questions that researchers send participants via WhatsApp. Expressly, five questions every 90 minutes
over an 8-hour period (what time is it? where
are you? who are you with? what are you doing;
what is the purpose for doing this activity?). The
answers can be sent using text, audio, images or
video. Then, after applying the first instrument,
all participants take part in a focus group where
the second instrument is applied. The focus group
aims to delve deeper into the activities that were
carried out during the DEM. The data collection
takes place over three weeks, as proposed by the
instrument’s authors. The following table shows
the overall timeline:
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Table 2. DEM Timeline
Week 1

Week 2

Week 3

- Experience Day 1: Monday
- Analysis: Wednesday
- Focus group: Thursday
- Experience Day 2: Monday
- Analysis: Wednesday
- Focus group: Thursday
- Experience Day 3: Monday
- Analysis: Wednesday
- Focus group: Thursday

The data obtained through the questionnaire
have been analyzed using two softwares. One hand
SPSS statistical analysis software that allows you to
anticipate and generate reports descriptive statistics
such as charts trends, and other statistical analyzes
complex. For the analysis of data from the questionnaire with SPSS statistical tests were performed
following descriptive: Frequencies and Contingency tables contrast with the Chi-square to analyze
whether there is correlation between variables.
The analysis of data extracted through the DEM
has been realized using the software NVIVO 10
that supports the qualitative and mixed methods research. For the exploitation of the results were used
NVIVO the following tools: Analysis of nodes,
search text, frequency of words, matrix codes.
3. Results
High participation profiles are who most frequently cited digital practices during DEM (a total
of 126 activities in 3 days), while medium profiles cited 52 activities in 3 days, and low profiles
cited 21 activities in 3 days. Activities related to
communication are the most cited by the medium
and high profiles, while low profiles mentioned
activities relating to leisure. In addition, most of
the communication activities for personal and
academic purposes were carried out using mobile
phone tools such as WhatsApp and Facebook.
Regardless of the student’s profile, university
students carry out more activities for personal purposes. Students then carry out academic activities,
and lastly those for professional purposes.
Table 3 shows the results according to the purposes for which students undertake activities online.
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Table 3. Profiles and context (DEM citations)
High
Medium
Low
Total

Academic
46
21
8
75

Personal
83
34
24
141

Professional
14
2
0
16

In the focus groups, students explained these
results by stating that all activities related to personal purposes imply more online participation
during all everyday tasks.
“It takes a long time if, for example, you have
a WhatsApp group. You have to connect all day to
see what they are saying.” (Subject 2, UOC, Focus
group).
Another argument given by students is that it is
much easier to find digital tools for personal purposes rather than academic ones. In addition, friends or
relatives recommend downloading applications or
visiting specific websites, and only a few teachers
make these kinds of recommendations.
“I think that there are so many applications to
enhance your personal life rather than your academic life... In academia, if you’re interested in
some topic, you are responsible for looking it up
on the Internet. (Subject 11, UB, Focus group).
Students think that digital tools for academic purposes are not as attractive or functional as tools for
personal purposes. They said that sometimes there is
software that does not work well or is difficult to use.
“There are academic websites and apps that I
don’t want to use, because of software that does
not work well” (Subject 5, UB, Focus group).
However, a student with a high Internet participation profile said that if a digital tool is interesting,
she has the same motivation and desire to use the
app than as if it were for personal purposes. To exemplify, she said that her teacher showed the class
an app to analyze molecules in 3D and that all students use, and find, this application very useful.
In relation to their online activities for academic purposes, the most cited and highlighted by
students is the virtual campus. In the DEM and the
focus group, students frequently referenced access
to the virtual campus, albeit through limited devices such as a PC or laptop, and not when using
smartphones or tablets. Moreover, many emphasized that the main physical space where they connect to the campus is at home, not at the university.
Volume 12 / Number 2 / 2017

Virtual Campus (5,94 %) is one of the most cited words in DEM related to academic purposes.
Dropbox (4,65 %), Whatsapp (3,53%), Facebook
(2,6 %) and Google (1,74%) are other words that
students cited when they were doing academic
practices. However, Virtual Campus and Google
were used to find information and content, Dropbox to share content with their classmates, and
Whatsapp and Facebook to communicate with
their classmates for academic issues.
Figures 1 and 2 show us how students navigate
across the virtual campus. The UOC students must
use virtual classrooms, because they are studying
at a distance university, but the UB students, who
attend classes on campus, also used the virtual
campus with a very high frequency.

Figure 1. The UOC Campus, Subject 2

Figure 2. The UB campus, Subject 4
In the focus group, all students corroborate the
DEM data related to the high frequency of using the
virtual campus. They add that sending emails is the
second most frequent activity for academic purposes.
Use of the virtual campus is quite similar for
all students regardless of the profile they have.
Basically, students reference PowerPoint presen97
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tations, links or documents that have been uploaded by the teacher. Therefore, its main feature is as
a cloud storage service or for document sharing,
similar to their use of Dropbox.
During the focus group, students generally said
that digital tools help them to receive more feedback
from the teacher. However, this also depends on the
teacher’s ICT profile. They also indicate that the
majority of teachers only use the virtual campus to
upload documents, whether these are presentations
or articles. Most teachers do not plan activities on
the virtual campus or use it to interact with students.
“There are many teachers who don’t do anything on the virtual campus, but there are a few
that send links or files, and they announce news on
the campus” (Subject 4 UB Focus group).
During the discussion about the digital tools
used by the teachers in the classroom, students
point out that they would like to use some of the
digital tools used by them for personal purposes,
for instance, YouTube and Facebook.
“I have had teachers who have uploaded videos
on YouTube. For example, a video with a PowerPoint and they recorded the voice. (Subject 7, UB,
Focus group).
With regards to self directed work and group
work among the students, they often commented
that it is very useful to use a digital tool to upload
and share documents, mostly Dropbox. On the
other hand, they point out that in some cases they
created a communication channel where they plan
tasks via WhatsApp or Facebook.
“We always use Dropbox to share work documents that we had divided. We then use WhatsApp to talk about questions” (Subject 1, UB, Focus group).
Many students expressed that they are already
using this method, and students that are not using
it (two students: one middle profile and the other
a low profile) think it would be very useful to start
doing so regularly in their learning (two students,
one for middle and low profile).
4. Discussion and conclusion
The results of this body of research are in line
with other research [22][23][1][2], which show
the heterogeneity of university students in relation
to their use of ICT. This means students come to
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university with different skills and uses of technology, both in the personal and academic spheres.
The results also show that students are not
afraid of using new platforms and digital tools, but
they must have a reason to do so. It is evident that
digital practices are defined according to the needs
of individual’ developmental stage and not by the
potential offered by the Internet [24][10]
Moreover, we can see that virtual campus is frequently used by students. In fact, we can say that it is
one of the few tools they use for academic purposes,
even though their activity on this platform depends
on the digital profile of the teacher. The majority
of students suggest that they find it useful when
teachers upload audio-visual content, not to replace
classes, but just to have multimedia resources. In
addition, they say that they would like more digital
activities available on the virtual campus.
On the other hand, when students have to work
individually, they use tools that allow easier access
to communicate ubiquitously such as Facebook or
WhatsApp. They organize and distribute academic work on these platforms and then they start to
work individually using a desktop computer.
These results allow us to suggest that high education should promote collaborative practices between
students. Other recent similar research [25][26]
points to the same pedagogical approach, where students have to be active in their learning sharing and
doing activities and projects with other classmates.
Students tell us that when it is necessary they do not
find any problem with share documents or working
in groups online to develop a project or participate
in an activity. However, if they do not need to do so
because the teacher uses a lecture methodology, students will not use it on their own. For this reason,
the use of online collaborative tools (such as Google
Drive, Dropbox, Teamwork, etc.) has to be related
to an educational methodology that encourages collaborative work between students. After the application of this kind of methodology, students appreciate
their learning experience, and recognize having a
deeper learning. One example of this could be Inquiry Based Learning (IBL), where students lead the
process of inquiry and search for solutions around an
issue or problem. In this context, technology should
provide opportunities for interaction with the teacher
and peers, opportunities for reflection and a space for
the collection of various learning resources.
Volume 12 / Number 2 / 2017
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Moreover, expanding the use of audio-visual
resources has to be push by teachers. Most of the
students point out that they would like to have access to audio-visual resources, not only papers or
PowerPoint presentations. As we have seen in the
results, students demand video resources because
they want to take advantage of this kind of ubiquitous and useful resource. They can watch videos
anywhere using smartphones (public transport,
home, bars, etc.). Moreover, it is easy to navigate through the content, advancing or rewinding.
Teachers have the possibility of sharing different
ICT with students that are related to the subjects
they teach. On the one hand, teachers could make
videos using video screenshots of the computer and
adding their voice. Another possibility may include
recording themselves using a camera. These kinds
of videos can be made public, uploaded onto a platform such as YouTube, or kept private, only shared
on the virtual campus with their students. However,
the easiest options for teachers who do not have
high digital skills are to look for open audio-visual resources uploaded online. A lot of researchers,
teachers and experts from different subjects around
the world share the quality videos they have made
[27]. These resources can include conferences,
talks, interviews, online classes. There are some
platforms specialized in this kind of resource (TED,
YouTube Education, KhanAcademy, etc.). Students
do not want to replace the teacher, only request resources that suit their needs.
Finally, it is necessary share different ICT uses
in education between teachers and students. The
heterogeneity of university students in relation to
the use of ICT is clear. For this reason, teachers
can provide a variety resources and students can
choose which of these they prefer to work with
in order to have digital tools that suit their needs.
For example, teachers do not have to assume all of
their students will know how to work with Google
Drive, or search for academic information online. If students need to use some digital resource,
teachers may provide a tutorial to aid learning
how to use a specific digital tool. In addition, it is
not necessary that teachers always force students
to work with a particular tool.
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CFD analysis of fluid streaming in rotary dryer
with innovative design
Izudin Delic, Amel Mesic
Faculty of Mechanical Engineering, University of Tuzla, Bosnia and Herzegovina

Abstract
Computational fluid dynamics (CFD) is a numerical tool that is highly accurate to simulate a
very large number of applications and processes.
The CFD analysis has emerged as a reliable technique to provide effective and efficient design solutions. The dryer, in which drying of material is
performed with streaming of hot air around moving trays, represents innovative technical solution.
Counter-streaming movement of the rotor with
drying trays through the stream of hot air enables
a higher drying intensity. In order to get a better
picture of the hot air streaming among the drying
trays and the effects of the individual components
on the streaming of fluid through rotary dryer, it is
necessary to perform a detailed CFD analysis.
Key words: Rotary dryer, streaming, drying,
CFD, air flow
1. Introduction
Drying is the simplest and most natural way of
all procedures for food conservation. In this case
food freshness and quality is preserved by extraction of free water from it.
Drying may be carried out naturally, on the sun
(direct drying on the sun), or air streaming can be
added in order to accelerate drying process (electro, gas or diesel drying plants).) Dry, warm air
is ideal for drying but only if air temperature is
strictly controlled.
The tray dryer is widely used in a variety of applications because of its simple design and capability to dry products at high volume. However, the
greatest drawback of the tray dryer is uneven drying because of poor airflow distribution in the drying chamber. Several designs and methods can be
implemented to improve tray dryer performance,
increases quality of dried product and produces
uniform drying as reported by Misha et al. [1].
Nowadays, given the increase in computing power,
Volume 12 / Number 2 / 2017

the application of Computational Fluid Dynamics
(CFD) can be a valuable tool for engineering design
and analysis of solving complex fluid flow aiding
in the better design of tray dryers and produce high
quality of dried product. CFD simulation is used
extensively because of its capability to solve equations for the conservation of mass, momentum, and
energy using numerical methods to predict the temperature, velocity, and pressure profiles.
Since the CFD analysis has been used for predicting the air velocity and temperature distribution in a large number of applications, many researchers have shown interest in this topic. Dionissios and Adrian-Gabriel Ghious [2] studied
the numerical simulation inside a drying chamber.
A set of measurements was obtained experimentally above one single tray to validate the model.
The validation between the measured data and the
simulation results by CFD shows that the standard
k–e model is the most adequate turbulence model. An industrial batch-type tray dryer for drying
fruits has been designed and constructed by Mathioulakis et al. [3]. CFD is used to simulate the
air pressure and the air velocity profiles in the drying chamber. Comparison of the simulation result
by the CFD and experimental data shows a strong
correlation between drying rate and air velocity.
Design optimization of a drying chamber is
necessary to achieve higher heat/mass transfer
rates and uniform drying by avoiding an unfavorable aerodynamic phenomenon in the chamber.
The objective of this research is to predict the drying uniformity for the new tray dryer design for
agricultural product. The CFD is used as a tool to
predict the airflow distribution in the drying chamber. CFD has also been widely used in food industry to investigate the flow pattern of the air in the
drying chamber [4], [5]. Uniform airflow distribution in drying chamber is very important because
it gave significant effect on the efficiency and the
homogeneity of the product that has being dried.
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Prukwarun et al. [6] reported a CFD simulation
of fixedbed dryer by using porous media concepts.
Román et al. [7] studied the improvement of air distribution in a fixed-bed dryer using CFD. Mirade
and Daudin [8] presented a study of the airflow patterns in a sausage dryer by comparing numerical
results with experimental air speed data. Weigler et
al. [9] proposed experimental studies on a mixedflow dryer. Tzempelikos et al. [10] presented an
analysis of air velocity distribution in a laboratory
batch-type-tray dryer. Other similar types of dryers
were proposed in [11-12]. In these studies, CFD has
proven to be an important simulation tool for the
analysis and improvement of such dryers.
1.1 Design of a new drying chamber
Convective dryer for fruits and vegetables is
based on innovative solutions and complete control of all drying parameters (temperature, humidity and air circulation rate). During the first half
of 2015, a prototype of innovative dryer for fruits
and vegetables was successfully designed. In the
dryer of “Eco – Rotary Dryer” type biomaterial is
dried at low temperatures (max. T=55-70°C) and
low humidity (RH= 20-25%).

ing. Pre-heated air is blown into the chamber to
circulate around the material that is being dried in
the opposite direction of the movement of the rotor with the drying trays. This counter-streaming
movement enables the increase in the drying intensity as well as moving material for drying through
various thermal zones in the drying chamber.
The first proposed design is shown in figure 1.
In order to determine the nature of the air
streaming around the rotor and the drying trays
with material for drying, a detailed CFD analysis
was performed.
2. Methodology
Good approximation of the real process with
numerical model is done, when we have set up
good mathematical model and when we have done
good spatial discretization. Such numerical model
gives us reliable results that can be easily validated. The basic things about selected mathematical
model, boundary conditions, and spatial discretization will be presented below.
2.1 Basic mathematical equations
Heat and mass transfer are accomplished by
solving the continuity, momentum and energy
equations with boundary conditions. It is important to emphasize that in this study, the fluid flow
was considered to be incompressible, stationary,
three-dimensional, chemically inert and turbulent.
These equations are expressed below:
Continuity equation

∇ ⋅ (ρu ) = 0 .............................. (1)
Momentum equation


∇ ⋅ (ρu u ) = − ∇p + ∇ ⋅ (τ ) + ρg ............... (2)

Figure 1. Representation of the rotary dryer
interior
The operation principle of the innovative solution “Eco-Rotary Dryer” is reflected in the radial
movement of the trays with the material for dry102

Energy equation
k


∇ ⋅ (ρu H ) = ∇ t ∇H  + S h
C

 p

................ (3)
T

H = ∫ C pd T
T0
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Where u is the velocity vector, ρ is the density,

p is the pressure, g is the gravity, μ is the viscosity, H is the enthalpy, kt is thermal conductivity,
Cp is specific heat, Sh is a source term, T is the

temperature, I is the identity matrix and τ is the
stress tensor defined as:


(





)

2

 

τ = µ  (∇u ) + (∇u )T − ∇ ⋅ u I  ............. (4)
3


As it is mentioned earlier it was assumed that
air flow is turbulent. Of course, due to the fact that
κ-ε model in literature [13-15] is the most widely
validated turbulence model, this model is also used
in this case. In the κ-ε model, κ is the turbulence
kinetic energy and ε is the turbulent dissipation.
2.2 Spatial discretization
One of the main factors that has influence on
quality of the obtained results is spatial discretization. In this case, spatial discretization has been
done by using polyhedral mesh, while, for representation of results, several suitable plains have
been chosen. In particular areas, the mesh optimatisation has been done with the aim to reduce
the number of cells, depending on the needs and
wanted accuracy of the simulation results, which
can be seen in the figure 2.
2.3 Numerical methods and boundary
conditions
To determine the air flow distribution inside
the dryer, with a specific geometry, the governing equations were solved numerically using the
commercial CFD code, Star CCM. This CFD code
uses the finite volume method (FVM). FVM uses
a volume integral formulation of the problem with
a finite partitioning set of volumes to discretize the
partial differential equations.
Of course, essential step in conducting the numerical simulation is proper defining of the initial
and boundary conditions. Therefore, while defining boundary conditions, the specific features of
the process were taken into account.
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Figure 2. Numerical mesh of the model with defined boundaries [16]
For that purpose, four regional boundaries were
defined:
– Fluid inlet (the boundary where inlet
velocity and temperature are set up);
– Fluid outlet (the boundary where fluid
leaves the domain);
– Wall (the boundary where the value of
thermal flux is defined). The entire chamber
was thermally insulated with a layer of glass
wool (0.05m of thickness) with a thermal
conductivity of 0.03 W/mK, and
– Internal construction (the boundary which is
defined as adiabatic).
On the basis of the data obtained from the thermal calculation, the following starting conditions
have been defined.
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Table 1. Initial data for the calculation of the air
streaming in the rotary dryer.
Size
Air velocity
Air temperature
Environmental temperature
Thermal flux (floor)
Thermal flux (ceiling)
Thermal flux (side walls)
Thermal flux (back wall)
Thermal flux (doors)

Value
5
70
20
17.65
9.39
17.07
17.21
53.40

Dimension
m/s
°C
°C
W/m2
W/m2
W/m2
W/m2
W/m2

3. Results and discussion
The main parameters that determinate drying
process are temperature, velocity and humidity of
drying air, if air is used as drying fluid.
This preliminary numerical analysis will considered only two parameters (velocity and temperature of drying air), due to the fact that humidity and
temperature are in very complex relation, and numerical modeling of that kind of processes requires
additional submodels. Of course, humidity analysis
will be considered in the future experimental work.

Figure 4. Representation of the fluid streaming in
the drying chamber, back side
It could be noticed that there is an intensive turbulent and almost symmetric streaming in the lower
part of the chamber with two large vortex, while the
streaming in the upper part of the chamber is less
differentiated regarding to the vortex structures.
On the figure below, it can be noticed which drying trays aren’t streamed properly with hot fluid.

Figure 3. Representation of the fluid streaming in
the drying chamber, front side
The Figure above shows the streaming of the
fluid in the drying chamber, where the nature of
the air streaming around the trays (for material)
could be identified.
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Figure 5. Representation of the scalar-velocity
fields in cross-plane near doors
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So, lower trays are the most streamed area,
while, those trays located just above distribution
air channel are the least streamed area.
Detail fluid streaming can be noticed in characteristics fields that have been chosen for analysis.

Figure 6. Representation of the scalar-velocity
fields in main cross-plane
It is clearly visible that there is a significant decrease in velocity magnitude of the fluid through
distribution channel used to supply the hot air.
According to the previous research and from the
aspect of energy dissipation it is completely clear
that the distribution channel isn’t well geometrically dimensioned.
If we consider the position of trays, it will be completely evident that trays will be supplied with hot air
of different speed, therefore, in the same chamber,
we will have zones with different drying intensity.
It can be also identified that there are some
places where positioning of the suitable fluid routers is needed, in order to balance streaming around
all drying trays and to improve the drying process.
Such orientation of the distribution channels
in which the hot air, with maximal speed, hits the
side walls and causes the loss of the streaming energy is completely undesirable. Therefore, below
it will be considered fluid flow inside the drying
chamber with new distribution channels.
The flow analysis through the distribution
channel identifies errors in its design, Figure 6.
Volume 12 / Number 2 / 2017

Figure 7. Analysis of the distribution channel design on the prototype
Redesigning the hot air distribution channel allows better flow through the channel itself (Figure
8), which is reflected in increased energy efficiency.

Figure 8. Analysis of redesigned distribution channel
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For different input speed values, the design of
the distribution channel has evident influence on
the output air velocity in the chamber. The nature
of design influence on output speed is illustrated
by the diagram in the Figure 9.

in the flow of larger amounts of air over the drying
shelf, thus accelerating the process of extracting
moisture from the material being dried.

Figure 9. Design influence on output speed
Consequently, CFD analysis of air flow through
the drying chamber was repeated. The simulation
results are shown as streamlines in the chamber
(Figure 10 and Figure 11) and in the characteristic
planes (Figure 12 and Figure 13) that have already
been used in the previous simulation.

Figure 11. Representation of the fluid streaming
in the drying chamber, back side
On the other hand, when comparing the velocity
distribution for Figure 12 and Figure 5, one may notice that the fluid flow division was significantly reduced, which was significant in the first simulation.

Figure 10. Representation of the fluid streaming
in the drying chamber, front side
As it can be noticed, in the distribution of the
streamlines over the drying trays, the redesigned
drying chamber has a more favorable distribution
of the current through the drying trays. This results
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Figure 12. Representation of the scalar-velocity
fields in cross-plane near doors
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Also, the analysis of the velocity distribution in
the main plane shows that all four trays have better
opacity than it was in the previous case. This allows uniform moisture removal from all trays and
improves the quality of the final product.

of the rotary dryer doesn’t have a suitable feature
for a biggest interval of the process parameters. In
addition, the analysis of the air streaming has shown
that the trays for drying do not receive enough
amount of the hot streaming fluid. There are visible
places where directors of the air should be installed
in order to decrease the streaming losses and to direct the flow of the fluid through the drying trays.
Also a regulation dampers should be mounted
at the distribution channel in order to direct the hot
air, depending on the required conditions of the
drying process. These changes would increase the
drying intensity, which will cause lower duration
of the drying process.
Proper controlling of drying parameters (temperature, humidity and rate of air circulation) would
provide a proper drying kinetics for many kinds of
fruits, vegetables, forest fruits and medical herbs.
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Abstract
In a virtual memory environment the basic
principle of program execution is the adaptiveness
of an Operating System environment to larger
programs with in the limitation of the addressable
small primary memory. Page Replacement algorithms play an important role in implementing this
memory setting with an aim to accomplish less
page fault, high hit ratio and minimum overhead.
Over the years many page replacement algorithms
were designed and proposed. As the memory types
and program designing approaches improved, the
need for betterment in algorithms existed as a
need. This paper summarizes the techniques and
challenges behind the major traditional page replacement algorithms and accounts on the various
research outcomes in this area.
Key words: LRU, CLOCK, FLASH, CACHE,
Page Replacement Algorithm
1. Introduction
The idea of virtual memory paved way to the
execution of programs larger than main memory.
Advancement in technology led to execution of
more than a program at a time, and these multiprogramming systems demanded more from the
memory management techniques of virtual memory environment. The method of segmentation
and paging supported these techniques. Through
paging the real/physical address space of a process
can be noncontiguous. Since pages are small in
size compared to segments the problem of fitting
in to memory blocks reduced considerably [1].
Rather than loading the pages before access request, they are brought into memory only when
the executing process asks for them. This process
is known as demand paging. A page fault occurs
when a demanded page is not in the main memory
Volume 12 / Number 2 / 2017

and has to bring them from secondary memory.
If the memory is full in this situation an existing
page needs to be abandoned. Page replacement algorithms helps in identifying the victim by overlooking at the future references expected [2]. The
placement and replacement strategies of the algorithm take the page trace as input. Record of the
trace of pages accessed by the process previously
is known to be the page trace. The algorithms relay either on local replacement – replace a page
of the faulting process or global replacement – replace the page of another process. The number of
frames allocated to a program and the replacement
algorithm used determines the speed of demand
paging. Major research is going on in the area of
page replacement techniques and this paper also
accounts on the key research outcomes in the area.
2. Performance parameters
The efficiency of page replacement algorithms
depends on the following parameters.
Page fault rate – p, indicates the rate by which
page miss occurs for a set of page references. The
value of p lies between 0 and 1. Less the page fault
rate, high the efficiency of the algorithm.
Hit rate -ht, indicates the rate by which page hit
occurs for a set of page references. The value of
ht lies between 0 and 1. High the hit rate, high the
efficiency of the algorithm.
Effective Access Time- EAT, indicates access
time needed for a page reference considering the
various factors of page acces.
EAT = (1 – p) x memory access + p (page fault
overhead + swap page out+ swap page in + restart overhead) [3]
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3. Challenges
The ever existed challenge of page replacement algorithm is to find the right victim to swap
out during a page miss with fully occupied frames.
All major versions of Windows use the clock algorithm (LRU) for uni-processor systems and a
random-page replacement algorithm on multiprocessor systems. Linux uses LRU. Clock algorithm is the efficient LRU algorithm reported still.
The second major problem faced is to find the no
of frames to be allocated in the main memory to a
process. It is the number of frames relocated which
influences the page fault rate to a certain extend.
The least number of frames allocated to a process
depends on system architecture and on the number
of pages that could be referenced by a single instruction. Certain instructions refer multiple pages
even for its fetch [4]. Certain allocation policies followed are *Equal Allocation – where all n processes get m/n frames when m is the total number of
frames. The remaining frames are kept in free pool.
*Proportional Allocation - Distribute the frames
proportionally according to the size of the process.
So if the size of process i is S_i, and S is the sum of
all S_i, then the allocation for process P_i is
a_i = m * S_i / S

[5].

When the memory frames allotted filled up
completely, in certain cases processes goes on
much of its time for paging rather than utilising
CPU. This problem is termed as Thrashing. Adding up of more processes (increasing multiprogramming level) is also another cause for thrashing. Figure 1 illustrates Thrashing.
To prevent thrashing grant processes with adequate frames as they really need presently and also
should control the level of multiprogramming in a
system. Working Set Algorithm proposed reduced
thrashing to certain extend. To lessen thrashing,
paging algorithms experimented with allocating
more number of frames to a process. But in certain
algorithms increasing the number of page frames
results in an increase in the number of page faults
for a given memory reference pattern and the phenomenon is known as Belady’s Anomaly [1]. The
First in First Out (FIFO) page replacement algorithm often suffers from this.
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Figure 1. Thrashing [5]

Figure 2. Belady’s Anomaly in FIFO algorithm [5]
Now a days various memory types with varying life time and speed of access are used. They
demands less page fault rate with less read and
write to memory. These are the base challenges
faced by algorithm designers in page replacement.
4. Base techniques
First in First out:
Here usually a linked list is used for page management. The list is created according to the time
of arrival of pages to main memory. When a page
fault occurs delete one at the head and attach the
newly added page to the tail of the list. In certain
implementations rather than using a linked list,
a time stamp field is used to identify the order
of page arrival. Another implementation is: when
a fault occurs the page pointed by the pointer is
replaced and at the same place the new page is
swapped in. After this, the pointer moves to the
Volume 12 / Number 2 / 2017
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next page [6]. An average of 50 percent hit ratio
is reported by FIFO algorithms.
Least Recently Used (LRU):
Usually the page references from a process follow the fact that they cluster in a same area. This
algorithm believes in this principle and selects the
victim page as that which is not been demanded
for access for a long time. The implementation of
this technique is a bit difficult since a proper history recording is needed for the technique. Tagging of each page reference with its time is one
technique of implementation [3]. An average of 60
percent hit ratio is reported by LRU algorithms.
Optimal Algorithm:
This algorithm, selects victim whose reference is furthest.This algorithm is known to be a
non implemental one, since it requires to know
the future. But it has the best page fault behaviour reported [6]. Certain threaded programming
environments uses algorithms with properties of
optimal replacement, since they can predict the
further memory reference to certain extend. This
optimal result is referred to as Belady’s MIN algorithm or the clairvoyant algorithm.
The Not Frequently Used (NFU) Algorithm:
In this algorithm a counter is related to each
page. On every timer interrupt, the Operating system checks each page and If the Reference Bit is
set, page counter is incremented and clear the bit.
The counter specifies often the page is referred.
For replacement, the page with minimum counter
value is selected. The disadvantage with this technique is if the page is greatly used its counter value
will be so high and that page cannot be replaced
for a long time even if it is not referenced again.
The Second Chance Page Replacement
Algorithm:
Modification to FIFO. Pages are kept in a linked
list so that the oldest page will be in the front. If its
“referenced bit” is 0, the page is made as victim,
Else Clear its “referenced bit” and Move it to the
end of the list. Repeat steps.
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The Clock Page Replacement Algorithm:
In this algorithm all page frames are arranged
in a circular queue and a pointer is used to point
to the oldest page in the circular queue. The reference bit related to each page get set when the page
is referenced. The replacement victim page is selected in such a way that if it is set in the page, that
bit is reset to zero and its points to next older page.
This step continuous until a page with reference
bit zero is found. The victim is removed and a new
page is placed in the same position with reference
bit equals zero. This algorithm abstracts LRU very
proficiently with less overhead [2].
Working set page replacement:
This algorithm follows pre paging property. The
group of pages a process needs is called the working set. If working set is in memory, no page faults.
Rather than loading pages on demand, pages are pre
paged so that the working set exists. The technique
is efficient but difficult and costlier to implement.
5. New trends
New page replacement algorithm designs
where developed in view of tremendous changes
reported in the area of processors and operating
system. This section summarises major research
outcomes in the area of replacement algorithms
and focuses on the new replacement algorithms
developed for flash memories.
Replacement techniques in Primary Memory
and Cache
Pooja Khulbe and Shruti Pant suggested an
algorithm Hybrid (LRU) Page-Replacement Algorithm uses an extra feature that is total number
of references (TNR) for each page which will be
counted on each referred page. It uses the idea of
modified reference, when a page is modified, a
modified reference is set i.e. M=1 for that page[4].
When a page fault occurs the page with minimum
TNR will be chosen as the victim. If many pages
share the minimum TNR, basic LRU is applied.
HLRU reported better hit ratio than normal LRU.
Yifeng Zhu, Hong Jiang et al.[7] proposed a Robust Adaptive buffer Cache management scheme
(RACE). In this scheme block access is initiated
in a cache. To track the referencing pattern it uses
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hash table technique. The hash tables uses parameters like inode, start and end block number, the
last access made to the first block, looping period,
last access to the referenced block, last accessed
block, fresh counter, reuse counter. After reference
detection block is allotted in the cache allocation
or replacement is done with a known replacement
policy fit for the identified pattern.
Reetu Gupta et.al. [8], Proposed Block Pattern Based Buffer Cache Management technique.
It works in program context level and file level.
This method tracks the program activities and predicts the access pattern. Hash table method is used
here. Hit ratio increased to a large extend with this
prediction technique.Namrata Dafre and Deepak
Kapgate [9] suggested a novel cache replacement
policy. This method also predicts the future references and uses the concept of inter-reference
recency for prediction and uses response time recorded to find the replacement victim.
K. Ravindra Babu and G. Pavan Kumar [10]
proposed Enhanced Hybrid LRU Page Replacement Algorithm which is the combination of Hybrid LRU and Enhanced second chance algorithm.
This algorithm uses an extra feature STR (spent
time since last reference) for each page that holds
the time when that page was referenced. Two parameters TNR (Total no. of references) and STR
are used for evaluation. Page with minimum number of references and maximum spent time since
last reference are selected as victim.
The concept of Inverted Page Table also contributed to new trends in algorithm design. Inverted page table is a global page table rather than a
process wise table. Since multiple entry of page
information in process wise page table is eliminated here a memory optimization to a large extend is
achieved here. The virtual address to the physical
address transformation time is also reduced [11].

Replacement in Flash System
The write operations in flash memory are complex and costlier than hard disk operations. Also
erase operations are more costlier than write operations. The life period of flash systems are shorter
than hard disk, so careful and wise transfer of pages are needed in flash systems. With in these limitations, the low power consumption of memories
and speed in accessing the data made this memory
popular. Table 1 shows the major differences in
hard disk and flash memory parameters.
S.Y. Park and D. Jung in [12] proposed the
Clean First LRU (CFLRU) replacement policy
which considers the balancing issues in the cost
of read and write operations of the flash memory
when performing page replacement. Here certain
amounts of dirty pages are kept intentionally in
page cache to lessen the number of flash write
operations. This is the first replacement algorithm
proposed for flash memory. H. Jung et al. proposed LRU-WSR with the objective of minimizing the number of replacements of dirty pages during page replacement [13]. The strategy used to
achieve this objective is delaying the replacement
of pages which is dirty and has higher reference
frequency as possible [13].
Xian Tang and Xiaofeng Meng introduced an
adaptive cost-aware replacement policy (ACR)
which is using three cost-based criterions in order to select the victim page [14]. The algorithm
works really well for different types of flash disks.
They divided the buffer pages into two lists: clean
and dirty lists and follow LRU replacement method. The page out victim is selected from clean list
usually so that page writes can be avoided.

Table 1. Hard disk VS Flash
Memory Type
Read/ Write Performance
Background ops
Wear Out
Latency
Addressing
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Hard disk Drive
Largely Symmetric
Rare
Largely Unlimited
10s milli sec
Sequence sector

Flash
Heavily Asymmetric
Regular
Limited Write
10s – 100s micro sec
Direct, byte addressable
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6. Conclusion
Studying various page replacement algorithms
pointed out that the LRU algorithm has had the
better results than many other algorithms but has
room for improvement. Optimal algorithm which
is the superior one theoretically needs to be addressed more seriously for a better implementation. The earlier focus of the page replacement
algorithms was on the selection of victim and to
lessen the page fault, but as the memory types
with varying speed demanded less page write and
page read the existing algorithms need to be addressed in a different view angle.
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Abstract
The basic purpose of the paper was to determine the most important roles of a manager in a
learning organization based on a review, analysis
and synthesis of scientific information from the
following databases: Academic Search Elite, Business Source Main Edition, Cobib.si, D-lib, Google
Scholar and Master File Premier. The key search
phrases were: learning organization, management
role, authentic leadership, knowledge management,
managerial skills, organizational learning, employee empowerment and managing knowledge. The
narrow search criteria were: the time frame from
2013 to 2016 and the full text of articles. The initial criteria were met by 405 units and 20 select
original scientific papers. 17 codes were identified
and combined into 4 content categories: management style, creating a working environment, abilities and qualities of managers, knowledge management. The research has shown that management
has many different roles in a learning organization,
which, when implemented successfully, contribute
to innovativeness, success and competitiveness on
an increasingly dynamic market.
Key words: management, learning organization, knowledge management, authentic leadership, managerial skills
1. Introduction
It is commonly believed that in the long run
modern organizations can ensure their existence
and further development only by discovering and
understanding the causes for past events, predicting the needs and demands of the future, and basing their operation on continuous learning and
knowledge management [1]. To do this, employees
constantly need new knowledge and skills. Responsiveness and flexibility are ensured through continuous learning and training. If an organization does
not promote learning, it sooner or later becomes
uncompetitive, starts losing its best staff, and its
114

workers become unmotivated [2]. In a knowledge
society the need for learning must be the first priority. The basis for creating a competitive advantage
is the will to learn and the ability to learn [3].
Learning organizations are those in which employees are constantly working as a team in order
to develop their ability to create the future. They
are those which are capable of creating, gaining and transferring knowledge and, moreover,
of changing their behaviour so that it reflects the
new knowledge and understanding of things or of
phenomena [4]. A learning organization is founded on equality, open information, low degree of
hierarchy, and a culture that promotes flexibility
and cooperation, and consequently the creation of
ideas anywhere within the organization, so that the
latter is able to find opportunities faster and deal
with crises [5]. We must realize that a learning
organization not only highlights learning as such,
but also the learning methods, as employees are
being trained in gaining knowledge correctly and
guiding themselves. Such an organization is extremely well integrated into the environment and
makes sure that information, data and knowledge
are continuously flowing into the organization [6].
In a learning organization, employees are one of
the most important assets of the company, which
must be understood, respected and systematically
implemented. In this process, management has a
key role in developing the ability of employees to
gain and apply the growing amount of new knowledge [7]. Thus, in a learning organization the management focuses on people and their knowledge
as an asset and value. The goal is not knowledge
itself but the management of people who possess
that knowledge [3]. Thus a manager’s work is becoming more and more complex, and in addition
requires a wide range of knowledge and abilities.
In addition to qualities relating to communication, understanding, transparency of roles, and
behaviour, we must point out six key abilities that
a modern manager must possess. These abilities
are leading, decision making, motivating, managVolume 12 / Number 2 / 2017

technics technologies education management

ing teams, quickly adapting to change, being a visionary and goal-oriented [8]. Besides all of these
qualities, Možina [9] stresses the importance of
managers being hard-working, that they strive for
achievement, are able to learn lessons from difficult situations, are devoted to their job, work with
people, and are creative. These are the key characteristics of managers that enable their success.
All of the above primarily means that managers must be very flexible, open and susceptible to
change, and capable of taking on new roles [4].
A learning organization namely requires a new
role for the leader, manager and management. The
modern leadership model is based on a horizontal
connection among members of an organization,
which is why the role of leadership is changing
from controlling and managing limited resources
to influencing a network of self-interested members within and outside the borders of a learning
organization. The main emphasis is placed on mutual encouragement, training, and on developing
the knowledge of the entire organization [10]. In
this way, management shifts from self-sufficient,
closed leadership to a variable, open managerial
style, which takes into account the needs of individual employees under different circumstances
that are connected with realizing a learning organization. This most often means that they relinquish
control and power, and establish a partnership with
their employees. Essential to the constant change
and learning is the so-called employee empowerment, which is the delegation of power or authority
to the subordinates within the organization, meaning that the employees are given greater power,
freedom, information and knowledge, which they
need in order to make decisions. Empowerment
provides a basis for attaining a competitive advantage, as it increases the overall power within an
organization, boosts the motivation of employees
and, last but not least, helps to retain quality personnel and their knowledge [11].
The effort to systematically accumulate knowledge, ensure it is widely accessible, and create a
learning culture is called knowledge management.
In addition to the process of gaining, retaining
knowledge and organizing, the entire management
system in a learning organization also encompasses methods of creating new knowledge and of
exchanging or transferring knowledge within the
Volume 12 / Number 2 / 2017

organization. In order for a manager to be able to
manage knowledge, he/she must understand what
knowledge is and how to utilize it efficiently. The
manager must be able to understand all of the processes connected with knowledge, set up formal
and informal communication structures, and build
such networks that enable the spreading of knowledge within the company. One important element
is undoubtedly the creation of a company environment in which people trust one another and are
willing to share their knowledge with others with
the intention of contributing to the company’s successful business operations [3].
Enabling each individual to acquire some of
the intellectuality, imagination, potential and enthusiasm of all who are working in and with the
organization, is the goal of an effective and successful manager in a learning organization. In the
majority of cases thus far, this has proved to be a
goal that is very difficult to achieve [12]. Perhaps
the reason for that is that some organizations do
not possess the characteristics needed by a learning organization.
With the above-mentioned roles, managers
promote creativity, innovativeness and the willingness to take risks. By doing so, they detect
comprehensive problems, simplify them and motivate their co-workers to learn and be active. The
employees, on the other hand, recognize the need
for continuous learning.
2. Methodology of research
2.1 Literature review method
A meta-synthesis of a scientific literature review
was chosen. The following databases were used:
Academic Search Elite, Business Source Main Edition, Cobib.si, D-lib, Google Scholar and Master
File Premier. The key search phrases were: learning
organization, management role, authentic leadership, knowledge management, managerial skills,
organizational learning, employee empowerment
and managing knowledge. The narrow search criteria were: the time frame from 2013 to 2016 and
the full text of articles. All of the abstracts of the selected hits were reviewed for the purpose of finding
potentially suitable papers and selecting those that
would be suitable for further review.
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From the aspect of the hierarchy of evidence
in scientific research work, the aim was to find
potential publications of various analyses, comparative studies and other basic, development or
applied research studies in the Slovenian and English language in the database. The number of units
found is listed separately according to the publication time frame from 2013 to 2016, which enables
us to infer an increase or decrease in the topicality
of the issue in question or in the frequency of the
use of individual terms or phrases.

2.2 Review results
The strategy of searching through databases
yielded 3,106 units in total. The initial criteria for
inclusion in the research were met by 405 potentially relevant units. 20 relevant papers were used
in the literature review (Table 1).
Because of the specified details and the number of keywords used, some hits were duplicated,
which is why the total number of hits is not an
accurate indicator of the actual production. The
number of hits was also the result of the keywords,
which are umbrella terms for the phenomenon under discussion.

Table 1. Number of search results by key words
Database

Academic Search Elite

Business Source Main Edition

Cobib.si

D-lib

Google Scholar

Master File Premier

Total

Key words
Learning organization
Knowledge management
Authentic leadership
Employee empowerment
Managing knowledge
Organizational learning
Learning organization
Authentic leadership
Management role
Employee empowerment
Learning organization
Management role
Knowledge management
Authentic leadership
Transformational leadership
Organizational learning
Learning organization
Management role
Knowledge management
Management role
Authentic leadership
Management in a learning organization
Knowledge management
Learning organization
Authentic leadership
Knowledge management
Organizational learning
Managerial skills
Employee empowerment

x (y)
46 (13)
390 (18)
59 (6)
67 (7)
55 (3)
126 (15)
30 (8)
18 (13)
17 (1)
16 (2)
201 (67)
36 (2)
663 (124)
48 (18)
14 (2)
48 (4)
1 (1)
4 (1)
17 (2)
124 (14)
290 (1)
82 (9)
342 (17)
32 (9)
21 (9)
96 (6)
2 (2)
44 (9)
217 (22)
3,106 (405)

z
1
3
1

1
1
1
1
1

3
4
2

1
20

Legend: x – the number of units found according to the publication time frame from 2013 to 2016; y – reviewed and presented;
z – selected hits for the review of full text
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Table 2. Literature review
Author
Afshari, M.
et. al.
Luo, S.
and Lee, G.

Year of
publication

Research
design

Sample
(size and country)

Key findings

2013

quantitative
research

128 employees
in different
companies; Iran

Managerial skills play an important role in
developing the characteristics of a learning
organization. The most important ones are human
resource management and conceptual abilities.

2013

quantitative
research

147 employees Effective knowledge management is influenced by
in the personnel
the ethics, trust, effectiveness and strategy of the
department, Taiwan
organization.
A manager in a learning organization must employ
transformational leadership, with which he/she has
a positive impact on the motivation of employees,
on their intellectual capital and on creating new
knowledge.

Hussein, N.
et al.

2013

quantitative
research

150 employees
in different
companies;
Malaysia

Noruzy, A.
et al.

2013

quantitative
research

280 employees A manager in a learning organization improves the
in different
innovativeness and efficiency of employees through
companies; Iran
appropriate leadership.

2013

qualitative
research

Bhaskar, A
and
Mishra, B.

2014

quantitative
research

Stefanchin, J.

2014

qualitative
research
(case study)

2014

qualitative
research

Malaysia

Al-Zahrani, A.

2015

qualitative
research
(making a
model)

Spain

Gorzelany,
Dzladkowiec,
M.

2015

quantitative
research

25 companies,
Poland

Khan, I. et al.

2015

Klinge, C.

2015

Scotney, D.
and
Kiwell, N.

2015

Rudawska, A.

Suhaimi, N.
and
Kassim, N.
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qualitative
research
qualitative
research
qualitative
research

Poland

A learning organization is connected with the
implementation of organizational learning,
knowledge management and other concepts, in
which the manager plays the key role.

A manager’s role is important in all areas of a
87 managers
learning organization, but he/she must devote most
in different
attention to creating an appropriate culture and
companies; India
empowering the employees.
USA

Pakistan
USA

USA

Transformational leadership has a great impact on a
learning organization.
A manager must pursue transformational leadership
if he/she wishes to introduce a learning organization
into the company.
A manager in a learning organization must
employ transformational leadership, see to a flat
organizational structure, create an appropriate
culture and remuneration system, and empower
employees.
The task of managers is to trigger a desire in
employees to do new things.
The role of managers is to create an organizational
culture which supports learning.
Mentoring plays a major role in creating a learning
organization.
Creating an organizational culture that supports
learning is the task of the manager. In doing so, he/
she must be active and greatly emphasize open
communication.
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Soliman, F.

Tan, C.

2015

2015

qualitative
research
(literature
review)

Australia

In order for an organization to become and stay a
learning organization, managers must pursue the
transformational leadership style.

quantitative
research

214 employees
in different
companies;
Malaysia

Knowledge management is influenced by
individual, organizational, technological and
communication factors.
Authentic leadership encourages employees to
develop their intellectual capital and become more
creative.

Zubair, A.
and
Kamal, A.

2015

quantitative
research

277 employees
in different
companies;
Pakistan

Cai, H. et al.

2016

quantitative
research

550 managers,
China

Through his/her behaviour, a manager influences
knowledge sharing and strengthens the relationships
between the employees and the organization.

Kareem, J.

2016

quantitative
research

750 employees
in different
companies; India

The leadership style plays an important role in the
implementation of a learning organization.

Kozjek, D.
and
Ovsenik, M.

2016

quantitative
research

Uymaz, A. O.

2016

qualitative
research

Motivation and teamwork greatly influence the
creation of an organizational culture which
supports learning.
The transformational leadership style has a great
439 in a company; impact on learning within an organization, on the
Turkey
development of employees, and on the realization
of the goals and concepts of a learning organization.
69 companies,
Slovenia

In order to assess the quality of the analysed
papers, criteria were used which, according to
Vogrinc [13], are the most suitable for assessing
the quality of a literature review in a qualitative
research study. These criteria are authenticity, familiarization with the background of origin, the
message conveyed, and understandability.
The final analysis thus included only those
papers that were based on genuine and unbiased
statements, and contained accurate and authentic
data. The background of the origin of an individual
study was also examined. In addition to the author
and his/her level of education, we also examined
the purpose for which the work had been written.
Based on the criterion of communicative value,
we included research studies with rich contents or
those which contained information relevant to the
aims of this research study. Last but not least, we
assessed the quality based on the understandability of the document, which included the technical
aspect and the understandability of content. In the
case of the latter, we paid attention to literary language, potential grammar mistakes, and technical
118

terms which might make the contents of the document more difficult to understand.
3. Data analysis and results
To better present the literature units that were
used, the results are given in tabular form, stating
the name of the author, the year in which the research report was published, the type of research,
sample, the country in which the study was conducted, and the key findings reached by the authors mentioned (Table 2).
17 codes were identified and combined into 4
content categories based on their properties, dimensions and interconnections: leadership style, creating a working environment, abilities and qualities
of a manager, knowledge management (Table 3).
4. Discussion
By collecting and analysing the literature, it
has been established that empirical studies are rare
in this field and that they have mostly been conVolume 12 / Number 2 / 2017
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Table 3. Codes sorted by categories
Category

Codes
– transformational leadership
– authentic leadership

Authors
Zubair, A. and Kamall, A. (2015); Noruzy, A. et al.
(2013); Al-Zahrani, A. (2015); Soliman, F. ();

Creating a working
environment

–
–
–
–
–
–

Tan, C. (2015); Rudawska, A. (2013); Cai, H. et al.
(2016); Bhaskar, A. and Mishra, B. (2014); Rijal,
S. (2016); Scotney and Kiwell (2015)

Abilities and qualities of
a manager

– understanding employees
– behaviour
– mentoring

Klinge, C. (2015); Stefanchin, J. (2014); Hussein,
N. et al. (2013); Kozjek, D. and Ovsenik, M.
(2016); Khan, I. et al. (2015); GorzelanyDzladkowiec, M. (2015); Afshari, M. et al. (2013);

Knowledge management

–
–
–
–
–
–

Zubair, A. and Kamall, A. (2015); Tan, C. (2015);
Luo, S and Lee, G. (2013);

Leadership style

organizational structure
organizational culture
organizational climate
communication
teamwork
employee empowerment

managing knowledge
sharing knowledge
innovativeness
learning
intellectual capital
organizational learning

ducted in foreign countries. In Slovenia, studies
that research the role of management in a learning
organization are almost impossible to find. Nevertheless, based on the review of accessible sources,
we have defined the context of the role of management and explained its impact on a learning
organization. By doing so, we have achieved the
purpose of our research and enabled the development of a potential new perspective for researchers, and presented the knowledge already created
to experts in management, which they can refer to
when forming a learning organization.
In today’s organizations, the learning and implementation of knowledge has become an essential component and foundation of growth, survival
and success. Due to the dynamic changes in the
environment, organizational learning has become
a necessity. The key role in the process is held
by management, which enables an organization
to realize all of the components of a learning organization. Namely, research has shown that the
manager is the one in charge of strengthening the
dimensions of a learning organization [14,15,16].
Authors who have researched learning organizations have identified many conditions, guidelines and managerial practices, which managers
must consider when implementing or maintaining
a company founded on knowledge. These authors
Volume 12 / Number 2 / 2017

list the following components as the most important ones: a flat organizational structure; creating
an appropriate organizational culture and climate;
continuous learning and development of employees; teamwork; openness and integration with the
environment; proper motivating of employees;
mentoring; and posts that are the least specific
[15,16,17,18].
The first condition for a company to change
into a learning organization is appropriate leadership. In learning organizations, people are guided
towards seeing the system as a whole [19], teamwork is encouraged [20,21], changes are triggered,
and the capabilities of employees are increased
[22]. Managers must show that they are willing
to make changes, before presenting that idea to
their employees. They must adopt a participatory
leadership style, which enables all individuals to
quickly start working towards realizing a learning
organization [14,19,23,24].
The highest form of leadership is transformational leadership [25]. Numerous studies have
shown that transformational leaders support and
encourage their employees to learn continuously
by motivating them, setting an example, and providing them with opportunities to acquire abilities
and competences, which enables the employees to
create, accumulate, share, retain and apply knowl119
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edge [14,21,24]. Transformational leadership
therefore has a positive impact on organizational
creativity and enables the transformation of knowledge into learning and, consequently, innovativeness [24]. It enables managers to build common
interests with their employees and, through developing a good interrelationship, realize a common
vision [14]. The common vision provides employees with better insight into what managers expect
of them [26], which leads to greater effectiveness
and, consequently, success.
The research conducted by Hussein et al. [26]
has shown that transformational leadership leads
to organizational learning, appropriate support
from the leader, employee empowerment and interconnectedness. Through stimulating intellectual capital, through empathy, motivation and proper
influence, managers who pursue transformational
leadership can more easily create a learning organization and strive for progress. This means that
the transformational leadership style generates
more benefits for the organization than the leadership styles focused on autocratic behaviour.
There are many studies on the transformational
leadership style in connection with a learning organization [19,26,27,28]. Even though the studies
were conducted in different countries and cultures,
and were based on different samples, the results have
shown that the leadership style has an important impact on all factors of the organization, including an
impact on organizational culture and employee behaviour. Research has shown that transformational
leadership has a great impact on the organizational
and personal development of employees and hence
on the concept of a learning organization. According to Uymaz [27], transformational leaders value
the development of the personal knowledge and
skills of employees, because they facilitate the realization of the organization’s goals.
While reviewing the literature, we often came
across the so-called authentic leadership in connection with the leadership style in a learning
organization. According to Dimovski et al. [29],
what separates authentic leadership from other
concepts is the fact that it does not define the
leadership style which a leader should adopt, but
highlights the leader’s personality. Thus, authentic
leaders are those who know who they are, what
they believe in and what they value, and who con120

stantly act in accordance with their values and beliefs when interacting with others. In their study,
Zubair and Kamal [30] analysed the impact of authentic leadership on the components of a learning
organization and discovered that it has a powerful impact on the intellectual capital of employees
and on employee innovativeness, and is therefore
suitable for a learning organization.
Regardless of the leadership style, the management must be able to create a learning environment [28]. In their study, Bhaskar and Mishra [31]
researched the impact of individual managerial
roles on employee effectiveness when creating a
suitable working environment. They divided the
roles into seven dimensions, namely: creating opportunities for continuous learning; open communication; teamwork and cooperation among employees; creating systems that enable knowledge
sharing; employee empowerment; integrating
the organization with the environment; and strategic leadership which promotes learning. They
have established that of these seven dimensions
the ones which influence workers’ effectiveness
the most are strategic leadership which promotes
learning, employee empowerment, and creating
opportunities for continuous learning. The study
by Al-Zahrani [14] states that the most important
tasks of managers are changing the organizational
structure and culture, and empowering employees.
A similar conclusion has been reached by Khan
et al. [32], who maintain that employee empowerment and support of learning are of the greatest
importance for a learning environment.
A learning organization therefore needs an environment that supports learning, as it plays a great
role in whether employees are creative and willing
to learn [20,32]. The creation of a working environment that supports learning mostly depends on
the management. Only the latter can help to create
conditions under which individuals can more easily understand the complexity and vision, and thus
improve their effectiveness [17]). The foundation
for the success of every company is a clearly outlined vision, values and business goals. Dimovski
and Penger [5] state that the most important role of
a manager is to teach the organization how to form
a common vision, which includes what the organization will look like in the future, and the results
and values that support this vision. It is especially
Volume 12 / Number 2 / 2017
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important that the management of a learning company ensures an efficient transfer and coordination
with all employees. Uymaz [27] has established
that if an organization wishes to achieve the set
goals, a manager must create opportunities, remove barriers, and offer support.
The organizational culture in a learning organization must support and encourage the collective to
create, share and apply knowledge in practice. It is
important that the employees know how to learn,
are aware of the leadership style, and remove bureaucratic and cultural barriers to learning. However, we must realize that an organization can learn
only if the manager values learning [32].
A culture that supports learning increases employee satisfaction [30]. It also has a positive impact on knowledge sharing. In his study, Tan [33]
reached the conclusion that the more an organizational culture is focused on learning, the more often knowledge is shared among employees. That
is why such a culture is a foundation for implementing knowledge management [34].
Motivation and teamwork also have a great
impact on creating a culture [20]. The managers
of learning companies are aware that the success
of the company depends on all employees, particularly on their cooperation [33]. This is the socalled team management, in which co-workers are
focused on results and on building good relationships with one another. Managers must be capable
of creating teams and guiding them, providing
them with energy, and leading them towards creating a process of change, especially on the path
toward organizational learning [21].
Effectiveness and success are the two most important criteria of organizational activity, and primarily depend on the abilities and skills of managers. In light of the unstable and dynamic environment, management must have well-developed
abilities in order to lead an organization toward
success. Nowadays, a manager needs the appropriate abilities and competences, especially in human resource management, at all organizational
levels. Only that way can a manager demonstrate a
sense of responsibility towards others, teamwork,
and a positive attitude towards employees, which
has a great impact on organizational learning [18].
Furthermore, the author of this research study has
established that conceptual abilities, for instance
Volume 12 / Number 2 / 2017

the identification of goals, and the planning and
development of a strategy, are also connected with
organizational learning, and enable the manager
to create an organization that pursues long-term
goals and is ready to face challenges.
A learning organization must consciously and effectively employ organizational learning and manage knowledge, which leads to obtaining and maintaining a competitive advantage. Mihalič [6] states
that a manager in a learning organization must see
to the development of knowledge management and
must therefore plan, organize, lead, supervise and
analyse the processes of gaining knowledge, and
of applying that knowledge in practice. Kozjek and
Ovsenik [20] have also proved this in their research
study, establishing that the task of management is
to support the creation of new knowledge, knowledge sharing, and its application in practice. In his
research study, Uymaz [27] has established that in
organizations which have well-developed knowledge management, managers support the creativity
of their employees more and promote the sharing of
knowledge and ideas.
Trust plays an important role in knowledge
sharing within an organization [34]. Trust is identified as the willingness of an employee to establish a relationship with a co-worker, which leads
to knowledge sharing [33]. If employees feel a
close connection to the company and believe in
the organizational goals and values, they are more
willing to establish mutual trust [34]. Numerous
research studies [22,33,35] have shown a strong
positive correlation between trust and knowledge
sharing. Since trust cannot be gained quickly, the
research study by Rijal [36] suggests that management should create more opportunities for employees so that they could interact with one another more often.
5. Conclusion
It can be inferred from the above-mentioned
findings that the various authors of theoretical and
empirical research studies have reached similar
conclusions regarding the key roles of a manager
in a learning organization.
Management has many different roles in a learning organization, which, when implemented successfully, contribute to innovativeness, success
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and competitiveness on an increasingly dynamic
market. The research has shown that the management’s most important role is creating an appropriate organizational culture, which leads to continuous learning and further training; motivating and
empowering employees; promoting teamwork;
enabling open communication; taking on the role
of mentor; and effective knowledge management.
The role of a manager is therefore to develop a culture, relationships and activities within an organization that guide employees towards openness and
learning. The management must promote a sense
of community and safety within an organization;
provide employees with the opportunity to express
themselves creatively; and highlight the importance
of organizational achievements. By doing so, employees become convinced that they are valued as
individuals and that their contribution matters. The
most suitable leadership styles which enable effective implementation of the above-mentioned roles
are transformational and authentic leadership. The
more a manager pursues the elements of these two
leadership styles, the more an organization shifts towards a learning organization.
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Inspection of the relationship between mosques
and wellbeing: a case study of patients with
diabetes in the Kingdom of Saudi Arabia
Bhzad Sidawi
Imam Abdulrahman Bin Faisal University, Dammam, Kingdom of Saudi Arabia

Abstract
Cities in the Kingdom of Saudi Arabia (KSA)
have experienced rapid uncontrolled urbanism due
to the absence of robust planning measures. This
causes lack or ill distribution of facilities and segregation between these facilities and the residences in
districts and neighbourhoods across the Kingdom.
It encourages citizens adopt unhealthy lifestyles
which in turn aggravate their health conditions. This
paper examines the critical relationship between
the unhealthy lifestyle of patients, the prevalence
of diabetes and proximity of mosques. A survey on
76 diabetic patients and their living conditions was
carried out. The study found significant links between the unhealthy lifestyle of patients, clinical assessment results and diabetic symptoms they have
with number of mosques and proximity in their
neighbourhoods. The results indicated that cities in
the Eastern province in KSA have unhealthy urban
and suburban settings in terms of the location and
characteristics of mosques. Therefore, urgent action
should consider how to adjust the present planning
regulations of mosques. This would improve the
mosque’s role in the local community.
Key words: mosque, diabetes, lifestyle, wellbeing
1. Introduction
Since the establishment of the oldest mosque in
Islam in AlMadina, mosques have a special place
in the hearts and minds of Muslims. Mosques serve
for Muslims as a place to worship god, get relieved,
socialize and obtain the community’s support. In
the past couple decades, and due to urban planning
errors, the KSA has experienced quick uncontrolled
urbanism and this caused unhealthy built environment conditions including lack or ill distribution of
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facilities such as mosques and wide spread of vacant lands. This has encouraged citizens to adopt
unhealthy lifestyles and created unhealthy physical,
environmental and psychological conditions in the
KSA’s cities and have adversely affected people’s
health and help spreading non-communicable diseases such as diabetes.
This study investigates the relationship between
mosques’ proximity with the health and wellbeing
(i.e. feeling good and functioning well) of diabetic
patients who live in the metropolitan area of Dammam-AlKhobar-Dhahran, Eastern Province, KSA.
For the purposes of the study, qualified medical practitioners of the University of Dammam determined
the diabetic patients’ physical, social and emotional
health. A questionnaire survey and medical exams
were carried out on 76 diabetics who usually visit
the Teaching Hospital of the University, Al-Khobar
in the Eastern province of KSA. Thus, the location
of mosques and vacant lands around the patients’
(home) postal addresses were identified using ArcGIS software. At early stage, the researcher visually assessed the mosques and vacant lands in the
patients’ neighbourhoods. The medical conditions
of patients, visual survey results and questionnaire
data were all merged into one file and analysed using ANOVA test and Structural Equation Modelling (SEM) techniques. For thorough understanding of the relationship between patients’ conditions
and mosques’ characteristics, vacant lands were
introduced as mediating variables and the data
was examined from patients’ socio-economic and
neighbourhood’s backgrounds.
The present researcher found significant links
between clinical assessment tests, diabetes’ symptoms with the proximity of mosques, and vacant
lands. The relationship has also been examined
from the perspectives of neighbourhoods’ density
and type; and patients’ age and gender. The results
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have been reinforced and compared with the previous research highlighting the areas of overlap
and variance. The results confirmed the present researcher concerns regarding the built environment
in the KSA and how its’ exposed to a number of
factors such as unhealthy conditions which act as
impediments to the role of mosques as catalysts of
diabetics’ health and wellbeing.
2. Historical review of the role and planning
of mosque
Al-Masjid an-Nabawi (i.e. Prophet Mohammad’s mosque) is one of the oldest mosques -that
was built after Quba mosque which located in a village outside AlMadinah city- in Islam that is built
ah city where to the Prophet Mohammad (PBUH)
migrated and was built by Prophet Mohammad and
his companions in 622 G. The mosque served as a
place of worship, a community centre for the city
where Muslims got advice about various aspects
of their social, financial and spiritual life affairs, a
political and financial hub wherein political decisions were made and charity and nation wealth was
declared and distributed amongst Muslims. The
mosque thus played a significant role in the formation of the new Islamic society.
Throughout the Islamic history, central
mosques located in the heart of Islamic cities,
wherein the market (for strong relationship between mosques and markets see Raymond) [1],
Madrasaa (i.e. Religious school or College), public library, and Bemarstan (i.e. health clinic or hospital with a medical institute) are in a proximity to
the mosque. Mosques accommodate the following
activities: daily prayers (five times), Friday prayer
in Friday mosques (once a week), Eid prayer
(twice a year), and night prayers in Ramadan (i.e.
every night after evening prayer).
In respect to the relationship between the Friday’s mosques and the neighbourhoods, AURIAHC [2] analysed the centres of historical districts
in Cairo, Egypt and the analysis revealed the following facts:
– the connections between the Friday mosque
and the main routes;
– there is a square/ open space in front of the
Friday mosque that is usually used for social
and commercial activities; and
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– the spatial configuration of the streets is
human scale, the volume of traffic, the architectural building styles in each historical
period
– Mosque’s development committee (2014)
[3] indicated in its’ guidebook; development
regulations of Abu Dhabi Mosques, that
mosques should have a nursery, an Islamic
school for learning and recitation of Quran,
and places for societal activities. Abdullah,
Yusof, Kamaruddin, and Rasam [4] defined
the following criteria that help planners
selecting suitable site for mosques:
– The mosque should have smooth
accessibility to pedestrians or motor vehicle
users;
– If possible, the mosque should not be located
on steep land;
– It should serve as a focal point in the area;
– The site should have enough space as a
buffer zone to reduce disturbance such as
loud noise from unsuitable activities; and
[5] indicated that mosques and Islamic
centres should have the following features:
– Pedestrian circulation paths should be
smooth, convenient, safe, and separated
from vehicular circulation;
– Landscape principles should be applied in
the site design to balance and harmonize
the visual environment to preserve natural
resources and provide comfortable environmental conditions for users. This includes
maintaining positive environmental biodiversity (i.e. vegetation, soil, air, and water);
– Shaded places should be provided outside
of the mosque so these would be used by
people to socialize.
The Ministry of Municipal and Rural Affairs
(MEMORA) [6], KSA defined the residential
neighbourhood as that compromises 3000-6000
inhabitants and the residential quarter as that compromises 10000-15000 inhabitants. It sets a number
of planning guidebooks for the design of cities, its’
services and recreational facilities [6]. MEMORA
defined three types of mosques: local mosque, Friday mosque and Eid mosque. Local mosque serves
750-1500 people, with the walking distance of 150200 m. These mosques should be accessible, well
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connected neighbourhoods with pedestrian walkways, away from pollution, noise and other environmental hazards. The Friday mosque would serve
3000-7500 people for a neighbourhood or quarter.
The walking distance to the mosque is defined as
500-800 meters. There should be space for women
in the Friday mosque. The Eid mosque is an open
area with no defined walking distance and it can
be reached by car. Men are obligated to pray five
prayers a day, (i.e. near dawn (Fajr), after midday
or (Zuhr), in the afternoon or (Asr), just after sunset
and around nightfall (Isha) at the local mosque and
the Friday prayer at the Friday mosque whereas the
attendance of these prayers at the mosque is optional for women. The men’s performance of five-time
formal prayers throughout the day suggests a high
frequency of movement to and from the mosque
[7]. It should be noted that Friday mosques are used
for daily prayers.
3. Why lifestyle matters?
3.1 Lifestyles, diet and diabetes
Diabetes mellitus is the most common non-communicable disease worldwide and the fourth leading cause of death in developed countries (International Diabetes federation, 2012) [8]. In general,
there are two types of diabetes. In diabetes type I
(T1DM), the body itself has destroyed the insulinproducing beta cells in the pancreas. However,
numerous studies found that unhealthy lifestyles
and lack of physical activity is the main cause of
many non-communicable diseases as type II diabetes mellitus (T2DM). The incidence of this disease
is projected to increase as populations age, urbanization increases (Bray, Vakil, & Elliott, 2005) and
diets become ‘westernized’ (Schulze, Manson, Willett, & Hu, 2003). Lifestyles would deteriorate the
medical conditions of individuals and these habitpersistent practices are imbalances between energy
intake (i.e. food consumption) and expenditure (i.e.
physical activity), a situation leading to obesity [9].
These lifestyles comprise of poor diet and “bad behaviours”, such as smoking, alcohol consumption
and lack of physical exercise. Passive entertainment
exemplified by television viewing and computer
games along with intake of meals; all contribute to
disorders of lifestyle [10]. This imbalance between
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energy intake (i.e. feeding) and energy expenditure
(i.e. physical activity) unfortunately leads to obesity. Physical activity has been found to reduce the
symptoms of coronary heart disease and strokes associated with T2DM. Meckel et al. [11] have linked
the lack of physical activity with diabetes. However, recent research found that physical activity is
ineffective against obesity without having a healthy
diet [12]. On the other hand, outdoor conditions
such as environmental pollution would contribute
to the development of T2DM (see for example Relished et al. [13] which aggravate the complications
of the disease such as blindness in adults [14] and
non-traumatic lower-limb amputation [15]. Outdoor polluted conditions, particularly during heat
waves, affect the number and function of sweat
glands in diabetic patients which reduces the volume and rate of evaporation needed for the body to
dissipate heat. This can considerably increase the
risk of hyperthermia and heatstroke [16, 17].
3.2 Religious attendance and public health
Koenig et. al [18] reviewed research that had
been conducted between 1960 and 2010 which
found a correlation between religious involvement
and better mental health, social health, health behaviours, and overall physical health. In another
research, Koenig et al. [18] found that despite differences in the Christian and Muslim faith traditions, there is considerable overlap between these
religious groups in beliefs, practices of worship,
moral beliefs and values, and emphasis on family
life. These contribute to better feeling of wellbeing.
Ferraro and Kim [19] investigated potential health
benefits of religiosity to protect against chronic inflammation associated with the risk of cardiovascular diseases. The study used longitudinal data from
a representative survey of adults 57–85 years old.
Religious attendance was associated with lower
C-reactive protein (CRP) concentration (mg/L) for
white respondents and a change in CRP over time
among the black respondents. Also, it has beneficial effects on chronic inflammation among older
adults, especially for black Americans, which may
be useful in reducing the prevalence of hypertension and cardiovascular disease. Hamada et al. [20]
reported that in the United States, people who consider themselves religious are happier and doing
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religious rituals has a positive relationship with the
feeling of good life. Hadianfard [21] reported that
people acting on religious beliefs have a better welfare and mental health.
3.3 Impediments to physical activity
Vulnerable people who are tied to locality, elderly people, children, young parents, unemployed
people and immobile people may experience a
decline to regular daily activity e.g. walking and
cycling. Cayden et al. [22] argued that segregation
of open spaces and residences by streets has made
these spaces less accessible and more dangerous
for pedestrian movement, which in turn negatively
affects the liveability and general health of residential areas [23].
This would result in increased obesity and risk
of diabetes and cardiovascular diseases [24] With
regards to cardiovascular disease, obesity and mental health, Handy [25] noted those living in more
“walkable” neighbourhoods, characterized by high
population density, mixed land use and high levels
of connectivity (e.g. good pedestrian and cycling
facilities), are more physically active. Consequently, these individuals are less likely to experience
cardiovascular disease, obesity and mental health
[26]. By contrast, access to open urban spaces may
encourage physical activity, especially for young
people thus improve public health.
On the other hand, vacant land constitutes a significant economic, environmental, and social problem
for many cities, and affects the health and safety of
residents. Garvin [27], conducted a survey in Philadelphia Pennsylvania, USA and the participants in
the survey described a neighbourhood physical environment as dominated by decaying abandoned
homes and overgrown vacant lots. This affected
community well-being, physical health, and mental
health. Vacant land affects community well-being
by overshadowing positive aspects of the community, contributing to fractures between neighbours,
attracting crime, and making residents fearful. Vacant land was described by respondents as impacting physical health through injury, the build-up of
trash, and attraction of rodents, as well as mental
health through anxiety and. Living in a rundown unkempt environment has been shown to be related to
wellbeing and improvements to vacant sites in the
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local neighbourhood has been shown to be related to
a range of health-related indicators such as reduced
stress and inspected the relationship between people health and proximity to derelict land and their
deprived areas in Glasgow. Garvin [27] found that
people are significantly more likely to be hospitalized for respiratory disease and cancer; and these
for men to have much lower life expectancy than
those not living in the high deprivation areas. Garvin
[27] recommended community members should
be engaged in identifying local health impacts and
generating solutions to vacant land would include
the following, transformation of vacant lots into
small park spaces for the elderly and playgrounds
for youth, and the use of abandoned homes for subsidized housing and homeless shelters [27]. In the
KSA, there are no legislations at present that enforce
owners to build their lands within a designated period. The Saudi government has recently applied
low tax rate on vacant lands to promote owners to
build on their vacant lands. The taxes however, are
imposed on vacant lands wherever their locations
are i.e. city, urban or suburban areas. Also, it seems
the tax policy is ineffective and owners found their
ways to avoid these taxes such as transferring the
ownership or part of it to close relatives.
3.4. Impediments to the physical exercise in
the KSA
In KSA, impediments to the physical exercise include the following: the living (i.e. physical, social
and environmental) conditions, and the proximity of
amenities and vacant lands from people’s homes.
3.4.1 Living conditions as triggers to
unhealthy lifestyles
There are several housing arrangements such as:
gated compounds; terraced housing, villas, blocks
of flats, or mixed development. The gated compounds are usually well fenced and guarded and
have facilities that are different in number and quality per the compound class i.e. middle, upper, rich
and very rich. Facilities in gated compounds can be
only used by the compound’s residents and their
guests. So, this largely reduces permeability and accessibility of neighbours’ access to the compounds’
services and facilities. Each of the above mentioned
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spatial arrangements would have a unique effect on
the occupant’s health and well-being. Residential
districts in KSA can be also classified in accordance
to the social class. The facilities, finishing quality,
level of furnishing and cleanliness varies from one
district to another. These suffer from irregular location of the amenities such as; gardens, parks, leisure
and recreation within the neighbourhoods, quarters,
and districts [28]. The users of the commercial
street in Al-Khobar, expressed their dissatisfaction
about the public facilities in the street. They reported the absence of green areas, lack of safety, lack
of entertainment facilities for children, the absence
of shaded public spaces, and recreational facilities,
lack of hygiene and cleanness [29]. With respect to
the unhealthy built environment and individuals’
habits in KSA, the following issues are noticed:
– rapid growth of Saudi cities and the absences
of healthy and sustainable planning code;
– the extreme hot, dry inland and humid
weather in coastal cities create environmental
conditions that affect the type and timing
of people’s activities. Thus, Saudis tend
to engage in unhealthy activities: such as
irregular sleeping patterns (e.g. afternoon
nap, sleeping late), evening or late night
trips to local malls or sitting for long hours
in coffee shops, late night’s heavy meals
[28]. In major cities across the KSA, it was
found that the majority of Saudi adolescents
spent more than 2 hours watching TV, and
around half of them do not meet the daily
physical activity requirements [30];
– poor living conditions add to these problems
and adversely affect the health of all citizens,
particularly those with diabetes. Such living
conditions make it difficult for diabetics to
enjoy walking around their neighbourhoods
due to the extreme hot, dry and humid
weather conditions and high level of air
pollution within cities; and
– certain cultural issues should also be taken into
consideration when exploring the relationship
between diabetics and living conditions. Men
are obligated to attend prayers in the local
mosque in their neighbourhood/ quarter, and
segregation between men and women and
restricted rules regarding women clothing
and their mobility.
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In respect to vacant lands, the Kingdom of
Saudi Arabia has over 17 million square hectares
of white/ vacant lands including planned and unplanned units. The total area of used and vacant
lands in the Eastern Province is 186,836 VS.
200,859 sq. ha.
4. The research methodology and objectives
The literature review above has indicated the
importance of physical and religious activities
to the human health. It also pointed out possible
environmental and physical impediments to the
exercise of these activities. With respect to this
valuable contribution, this research aims at exploring the strength of relationship between the
health conditions of diabetics with the proximity
of mosques in the Eastern Province of the KSA,
and the following objectives are pursued:
– To know how strong, the relationship is
between the medical condition, physiology
of the disease reported symptoms and
perception of their living conditions in
relation to:
○ the number, and distribution of mosques;
○ the number, distribution and sizes of
vacant land lots; and
○ To find out the role that vacant lands as
impediments would play in affecting the
relationship between mosques and the
medical conditions of patients.
Consent to carry out the study was first obtained
from the University of Dammam ethics committee.
The fieldwork was carried out in 2013 and drew
upon a sample of diabetics who usually visit the
medical clinic at the teaching hospital of the University of Dammam, Al-Khobar. This list of patients
includes T1DM and T2DM male and female adults,
age 15-80 years and resident in the metropolitan
area of Al-Khobar, Al Dammam and Al Dhahran
cities in the Eastern province of KSA. 76 diabetic
patients participated in the study. They completed a
questionnaire requesting information on their living
conditions, home and neighbourhood and lifestyle
activity since the onset of the disease. The medical
staff then conducted a physical examination of the
participants to test their blood pressure and Body
Mass Index (BMI). These tests also recorded their
Volume 12 / Number 2 / 2017

technics technologies education management

Fasting Blood Glucose (FBG), levels of HBA1C
(i.e. Glycated Haemoglobin in blood), Micro albumin urea, Lipid HDL (i.e. High-density Lipoprotein
or good cholesterol), Lipid LDL level (i.e. Lowdensity Lipoprotein or bad cholesterol), and Lipid
TG (i.e. Triglyceride).
The postal addresses of the patients’ homes were
obtained from the patient’s completed questionnaires and medical files. During 2014, hot diabetes
spots map was created using ARCGIS 10.2.1 software available at the University of West of England,
UK. The following layers were added to the map:
– A Mosques layer that comprises 132 mosques;
– A Vacant land layer was added and this
comprises 1556 lots; and
– A Saudi household average size layer i.e.
number of family members in the household
which was obtained from online ArcGIS
layers.
Google Earth and Saudi locator (http://www.locator.com.sa/locator/Default_E.aspx)were used to
identify the mosques and vacant lands nearby the
diabetic patients’ homes (see figure 1). Mosques and
vacant lands were modelled in ArcGIS map within
a walking distance of 1200 m of the patient’s home.
Service area was calculated from the diabetic patients (i.e. centroid postal code). This was done on
400, 800 and 1200 m intervals (see figure 2). The
distances between patients’ homes to the nearest
mosque and vacant lands within 1200 m were calculated using OD Cost Matrix Analysis (see figure
1, 2 and 3 as an example). The areas of the vacant
lands were also calculated. The ARGIS results then
were exported to a SPSS file that comprises information of the physical examination of the diabetic
patients, questionnaire survey results and the visual
survey on mosques and vacant lands outcome.
The data analysis calculated the mean and percentages. ANOVA and Regression tests were used
to examine possible significant correlations. Thus,
the clinical assessment of the patients’ physiological health, the patients’ own self-evaluations of
their homes and neighbourhoods living condition, and the mosques and vacant lands information were correlated. SEM examines the effect of
an independent variable on a dependent variable
and this is through a number of co-variables. For
ANOVA and Regression tests, only relationships
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having a significance value (i.e. P <0.05) are reported on. For SEM only networks that have a
continuous significant path between independent,
co-variables and dependent variables are reported.
The levels of significance considered are as follows: P <0.05 as the common that two or more
variables change in the same direction and in the
same proportion, and vice versa. Level: P <0.01
as the moderate level and P <0.001 as the high
level. Any positive correlation means that two or
more variables change in the same direction and in
the same proportion, and vice versa.
5. The results
5.1 Physical, social and emotional health
This survey found that 88% of the participants
have diabetic HBA1C levels above 6.5, 32% of the
diabetics have a positive level of micro albumin
urea and 66% of them are overweight or obese.

Figure 1. The location of mosques and within
1200 m from the patients’ homes (represented by
red dots)
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Figure 2. The location of vacant lands within
1200 m from the patients’ homes (represented by
red dots)
It also found 17% have a FBG level of above
200 mml and 47% of the patients have borderline or high risk HDL. The most frequent diabetes manifestations experienced are: extreme
fatigue and related tiredness, tension and stress,
and blurred vision, and inability to control their
nervous system. Whereas the least experienced
symptoms are: loss of sensation, cardiatric problems, loneliness and isolation; and blood pressure
problems.

Figure 3. The calculation of service area from
the diabetic patient’s homes on 400, 800 and
1200 m intervals
Living conditions
In terms of diet: 48% - 59% rarely or never
drink fizzy drinks or eat junk food meals. Approximately 77% said that they often or always
eat fruits and vegetables. When asked about their
home and social lives, more than half of them
(57%) said they never or rarely engage in morning exercises. Approximately 25% rarely or never
walk for more than 30 minutes a day and only
48% said they walk for 30 minutes. As much as
67% said that they frequently participate in religious activities and 59% said they frequently get
involved in social activity vs 41% who rarely or
never involved in social activities. 72% of the respondents said that they often or always watch TV
or work in the office.
Home and neighbourhood conditions
Patients were asked about their indoor and
outdoor conditions. Half of the patients said they
frequently suffered from a lack of sunlight in the
house. More than a third said they frequently suf-
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fered from unpleasant outside views, and low level of ventilation in the house. Nearly a quarter said
they frequently suffered from: lack of hygiene
in the neighbourhood, traffic noise, noise from
neighbours, and difficulty of wandering around
in the neighbourhood. Around 20% said that they
frequently experienced uncomfortable temperatures and poor air quality in the house, poor finishing of the house, the house organization and size,
and disgusting doors in the neighbourhood.
The proximity of mosques and vacant lands
61% of patients have mosques within 400 m
from home, 31% have mosques within 800 m
from home and 8% have mosques that are more
than 800 m from home. With regards to vacant
lands, 75% of patients have vacant land lots are
within 800 m from their homes, 64% of patients
have vacant lands within less than 400 m from
their homes. 82% of patients have vacant land lots
with 2400 sq. and. m within 1200 m from their
homes. 18% of the patients have 1-20 vacant land
lots within 1200 m from their homes and nearly
half of the patients (i.e. 57%) have more than 20
vacant land lots within 1200 m from their homes.
The visual survey results
Fourteen mosques and ten vacant lands n lower
class, middle and upper middle class residential
and mixed use areas (i.e. commercial and residential) neighbourhoods were visually surveyed.
Mosques in gated neighbourhoods (i.e. residential
compounds), were also surveyed. In respect to the
mosques, the survey indicates the following points:
– In a number of neighbourhoods, mosques
are very near to each other. Islamic scholars
emphasized having one mosque in the
neighbourhood rather several mosques
unless there is a very strong need to do so.
These scholars indicated the preference of
extending existing mosques horizontally
and vertically rather than having more than
one mosque in the neighbourhood. The
reason is to maintain the Muslims unity and
eliminate any cause of disperse;
– Some of the mosques (i.e. 4 out of 14), the
quality of construction materials used is
below the acceptable standard. Also, the
maintenance level of the site in 7 mosques
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is poor. Most of the mosques have low level
of cleanness and hygiene for toilets and
ablution facilities. The level of cleanness of
surrounding streets in 11 cases is also poor;
There is a public garden adjacent to five
mosques only. In two cases, these gardens
are separated from the mosque by a street
without safe crossing;
For five cases, there is vacant land lots
adjacent to the mosque;
In respect to the attractiveness and creation
of pleasant impression, six mosques have
poor visual appearance;
8 out of 14 mosques are surrounded by 3-4
streets and 12 out of 14 mosques have no
safe crossings and four mosques only have
designated car parks;
All mosques do not have facilities to accommodate the needs of Muslims of all ages
10 mosques out of 14 do not have shaded
areas on site;
Mosques in gated compounds can be only
used by the compound’s residents and their
guests. So, they are inaccessible to the
neighbours due to the fact the entry to these
compound needs special permission;
Several mosques (i.e. 9 out of 14) are very
close to the street and have no buffer zone to
reduce traffic noise; and
Consequently, there is no attractive green,
shaded (apart of casted shadows from the
buildings) thermally comfortable, and safe
street corridors that lead to these mosques.

The vacant lands surveyed were found to be
highly polluted which are used for dumping rubbish, construction waste and wrecked or decommissioned vehicles. They are occupied by illegally
parked cars and lorries. Some have temporary car
parking canopies belonging to the nearby houses,
and portable trailers that are occupied by low income foreign labour.
5.2 The relationship between the mosques and
vacant lands with diabetics’ activities
The Regression test showed significant relationships between physical and religious activities
and proximity of mosques and vacant lands (Table
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1). For example, when the distance between the
mosque and home increases, diabetics spend more
time watching TV or working in the office. They
also, reported the difficulty of wandering around
in the neighbourhood. The shorter distance, larger
areas and numbers of vacant lands negatively affected religious and social activities of the diabetics as well as their fitness activities. Also, they are
linked with diabetics spending more time watching TV or working in the office (Table 1).
5.3 The role of personal and neighbourhoods’
attributes in controlling the relationship
between mosques with diabetes’ tests,
symptoms and environmental conditions
Using the same data categories stated above, the
ANOVA test showed that for males, when the distance from home to the mosque increases, patients
spend more time at home to watch TV or do office
work. For females, the longer distance to the mosque
is associated with a higher pulse level and decreasing ability to control nervous system (table 2).
Patients aged less than 20 years’ experience
higher levels of anxiety when the mosque is distant. Patients aged 20 to 40 years old, have higher
levels of lipid LDL when the mosque is distant.
Also, more patients complained about uncomfortable house temperature when the mosque is distant (Table 2).
Patients who finished their high school, have
higher pulse and cholesterol levels which is associated with longer distance to mosque. They
also experience frequent paranaesthesia when the
mosque is away. Patients living in medium density

area, frequently feel uncomfortable temperature in
the house when the mosque is away. Patients living in villas frequently experienced paranaesthesia when the mosque is away (Table 2).
Patients living in dwellings with area 101-200
m2 experienced frequent feeling of anxiety and
inability to relax when the mosque is away. Patients living in urban areas, have higher levels of
Pulse, cholesterol and Lipid LDL levels when the
mosque is away. Patients living in low density areas, have higher levels of BP Systolic, pulse, Fasting Blood Glucose
FBG) when the mosque is away (table 2).
5.4 The impact of mosques proximity via
vacant land on medical condition of
diabetics
SEM was used to test clinical assessment tests,
self-reported home and neighbourhood’s environmental conditions with the mosques and vacant
lands information. For each SEM diagram (see Figure 1, 2, 3& 4 appendix A as an example), the study
investigated the effect of mosque distance (as an
independent variable) on the medical condition of
the patient and self-reporting of diabetes symptoms
(as a dependent variable). The mediating variables
are self-reported home conditions, neighbourhood
conditions, and vacant lands information.
Only significant results (i.e. P 0<0.05) are reported below (table 3). In respect to the clinical assessment tests, the SEM results showed that when
the distance to the mosque decreases, the number
of vacant lots within 1200 m increases, and this
is associated higher Systolic, Microalbuminuria,
FBG and HBA1C levels.

Table 1. The relationship between mosques and vacant lands proximity with the diabetics’ activities
(Significance level <0.05, sample size=76)
Independent

Dependent variable
Estimate
Watching TV or working in the office
-0.388
The distance between home and mosque
Difficulty of wandering around in the neighbourhood -0.345
Religious activities
0.292
The distance between home and vacant
land
Social activities
0.474
Vacant land area within 1200 m from home Watching TV or working in the office
0.278
Doing Morning exercises
-0.515
Walking for 30 minutes
-0.421
Number of vacant lands within 1200 m
Watching TV or working in the office
0.439
Difficulty of wandering around in the neighbourhood 0.432
132

Sig.
0.027
0.044
0.020
000
0.001
0.003
0.011
0.005
0.004
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Table 2. Optimal Categorical Regression test showing the level of importance of each home, work and
neighbourhood variable for each of the respondents’ groups
Category
Personal attributes

Independent

Age less than 20
Age = 20 to 40

Home distance
from mosque
=
=

Age = 41 to 60

=

The level of Education =
Intermediate and secondary

=

Gender = female

Neighbourhood attributes
Density of the neighbourhood =
Medium density

=

Neighbourhood type = Urban

=

Density of the neighbourhood =
low density

=

The property’s attributes
House type = Villa
Area of the house = 101-200 m2

=

Dependent variable
Pulse
Inability to control nerves
Constant anxiety
Lipid LDL level
Uncomfortable temperature
of house
Pulse
Cholesterol
Paraesthesia

F

Sig.

0.430
5.931
12.033
1.195

12.895
4.473
30.943
8.534

0.000
0.011
0.011
0.002

1.538

9.609 0.019

.482
1.536
5.242

8.441 0.004
7.084 0.004
5.672 0.010

Uncomfortable temperature in
the house
Pulse
Cholesterol
Lipid LDL level
BP Systolic
Pulse
Fasting Blood Glucose (FBG)

1.515

7.653

0.01

0.438
1.167
1.064
1.201
0.391
4.68

4.101
6.599
3.554
3.938
3.81
2.617

0.02
000
0.02
0.03
0.04
0.09

Paraesthesia
Constant anxiety
Inability to relax

4.539
7.008
5.633

4.904
5.345
8.741

0.02
0.06
0.03

With regards to reported diabetes symptoms,
SEM showed that when the distance to the mosque
decreases, the number of vacant lots within 1200
m increases which is associated with frequent
feeling of paraesthesia, blurred vision and poor
memory and inability to concentrate. When the
distance to the mosque decreases, the number of
vacant lots within 1200 m increases, and this is associated with frequent inability to control nervous
system, constant anxiety, loneliness and isolation,
feeling miserable, inability to relax and feeling
overloaded. In respect to the neighbourhood results showed that patients having more difficulty
in wandering around in urban areas which causes
issues associated with higher blood pressure.
6. Discussion: identifying possible detrimental to diabetics’ health
The visual survey on mosques showed residents
in the metropolitan area of Dammam, Khobar and
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Dhahran have sufficient number of mosques but in
some neighborhoods, these mosques are not well
located in accordance to the reasonable and comfortable walking distance that enable people including diabetics to attend prayers. Mosques however are not well connected in terms of smooth access, safety crossings, and shaded urban corridors,
suffer from low maintenance and cleanness levels.
They also do not have facilities on site or adjacent
to, that would accommodate the needs of different
age groups. Furthermore, mosques in gated compounds are inaccessible to their neighbors. On the
other hand; there is overwhelming number of vacant lands in urban and suburban areas and these
polluted sites have negative environmental impact
on the neighborhoods.
The present study found a positive impact of
mosque proximity on diabetics’ physical and social
activities. The positive relationship between mosques
and diabetics activities is further found concerning
gender (i.e. male) and age (i.e. less than 20).
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KSA has harsh and polluted environmental conditions, and the literature review showed neighbourhoods and districts have lack of amenities and
poor street conditions. Also, there is the segregation between facilities such as mosques and residences, and the gated compounds that isolate its’
residents, and break the homogeneity of the urban
fabric in terms of social equity. The Saudi culture
to a certain limitation- encourages females to stay
at home and males to practise outdoor religious,
social and sport activities. These conditions would
enforce citizens to practise unhealthy lifestyles.
The research findings should be interpreted with
respect of the above facts.
The study found that most of the patients have
alarming level of diabetic HbA1C and two thirds
of them are obese. The most frequent diabetes
symptoms are stress, tiredness, blurred vision and
inability to control their nervous system. Around

half of them frequently drink fizzy drinks, eat junk
food and rarely engage in physical activity. More
than one third of them rarely participate in social
activities. Around a quarter of them rarely walk
for more 30 minutes.
On the other hand, vacant lands proximity, area
and number have negative impact on these activities. Thus, when there are larger vacant lands near
patients’ homes, more patients watch TV. When
there are more vacant lands lots, patients feel high
levels of micro albumin urea and HBA1C level
and reported lipid problem. The results showed
that the [Age] groups are sensitive to the existence
of vacant land near their homes in different ways.
For instance, the younger group complained from
disgusting odours in the neighbourhood whereas
the older group have higher level of lipid HDL
when vacant lands are nearer. The shorter distance
to the vacant land also negatively affects the pa-

Table 3. SEM links between variables showing the positive and negative regression weights (Significance level <0.05, sample size=76)
Independent
(A)

The distance
between home
and mosque

The distance
between home
and mosque

Neighbourhood
type (i.e. urban,
suburban)
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Mediating
variable (B)

Dependent (C)

Estimate1 Estimate2
(A Vs. B) (B Vs. C)

Clinical assessment tests
Systolic
-0.485
0.177
Number of
Microalbuminuria
-0.485
0.118
vacant lands
FBG
-0.471
0.756
within 1200m
HBA1C
-0.471
0.301
Diabetes symptoms
Paraesthesia
-0.460
0.384
Blurred vision
-0.460
0.508
Poor memory
and inability to
-0.460
0.463
concentrate
Inability to control
Number of
-0.470
0.448
nerves
vacant land lots
within 1200m Constant anxiety
-0.470
.499
Loneliness and
-0.470
.396
isolation
Feeling miserable
-.470
0.416
Inability to relax
-.470
0.411
Feeling overloaded
-0.470
0.473
Neighbourhood conditions
Difficulty of
wandering
Blood pressure
-0.616
0.251
in the
problems
neighbourhood

Overall
Sig.
Sig.
Estimate
(A Vs. B) (B Vs. C)
(A, B and C)
-0.308
-0.367
0.285
-0.17

000
000
000
000

0.039
000
0.002
000

-0.076
0.048

000
000

0.038
0.007

0.003

000

0.006

-0.022

000

0.020

0.029

000

0.009

-0.074

000

0.014

-0.054
-0.059
0.003

000
000
000

0.010
0.034
0.011

-0.365

0.041

0.040
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tients’ religious activity such as trips to the nearby
mosque to perform five daily prayers.
The research found links between mosques’
proximity and diabetes and this is in respect to
certain personal and neighbourhood attributes.
For instance, higher levels of reported diabetic
symptoms such as anxiety and risky levels of lipid
LDL are found in patients aged less than 40 years
old. Patients living in smaller properties reported
frequent feeling of anxiety and inability to relax
when the mosque is away. The area characteristics i.e. urban and low density areas with longer
distance to the mosque have negative impact on
patients in terms of higher levels of Pulse, cholesterol and Lipid LDL, BP Systolic, pulse, and
Fasting Blood Glucose (FBG).
The SEM results that vacant lands play negative role in controlling the relationship between
mosques and diabetics status in terms of medical
tests and reported diabetes symptoms. So, even
when the mosque is nearer, the existence of vacant
lands hampers the positive impact of the mosque
on patients and it is believed that it worsens the patient’s conditions. The area type i.e. the urban area
also seems to discourage patients from wandering to attend the mosque for daily congregational
prayers. The lack of walkability and physical activity is linked with reported blood pressure problems.
7. Concluding remarks: What (must) be
done and how
This study presented the positive impact of
physical and spiritual activities have on diabetic
patient’s health status. The study found strong
links between the proximity of mosque and the
medical status of diabetics. Shorter distances of
mosques to patients’ homes are associated with
frequent physical and religious activities and better feeling of wellness and vice versa.
The above relationship however is hampered
by the unhealthy outdoor living conditions that
patients living. The large number and size and
proximity of vacant lands to patients’ homes
have adversely impacted the relationship between
mosques and patients’ activities.
The relationship between mosques and Muslims is not limited to worship as. As stated above,
Muslims go to the mosque to socialize,, obtain
Volume 12 / Number 2 / 2017

social and spiritual advice, support from the congregational prayers’ leader (i.e. imam) and their
fellow Muslims. Vulnerable groups of the society
as diabetics are in an emergence need for the community care and attention. So, to trigger the positive social, spiritual, psychological and healthwise role of mosques, the following actions are
recommended on the following levels:
Architectural level: Level of design, construction, maintenance and cleanness of mosques
should be per robust building standards. Visual appearance of the mosque and neighboring blocks,
and site safety in use are important issues to consider as well. The provision of facilities on site is
vital to activate the mosque role
Neighborhoods and urban levels: the Saudi
standards of design of mosques should be reviewed
considering number, distribution in high and low
density areas and types of users such as elderly
people and diabetics and the hot harsh weather of
the KSA. So, mosques should be, within a walking
distance from homes which can be easily accessed
by shaded, well ventilated and safe urban corridors.
Municipalities should use assessment tools
such as Health Impact Assessment (HIA) to assess
from a health point of view the existing and new
mosques conditions, their relationship with the
neighborhoods and the effect of vacant lands on
neighborhoods.
Local communities in urban and suburban areas
should be involved in decision making concerning the design and planning of community centers
that comprise integrated services as mosque, gym,
nursery, community hall, public library, public
garden, etc. So, these would effectively respond to
the needs of all group users including vulnerable
groups with chronic diseases as diabetics.
In respect to vacant lands, higher taxes on vacant lands should be applied in relation to the location of the land lots and owners should be granted
planning permission valid for a set period. Authorities should not permit the transfer of ownership
within the planning period as this would be used
by the owners to avoid tax.
In the KSA, there are several urban contexts
such as residential compounds, academic campuses, shopping malls, residential neighbourhoods,
mixed type (i.e. commercial and residential or industrial and residential) neighbourhoods, road ser135
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vice stations etc. Future research should examine
the unique relationship between the proximity and
functions of mosques with their urban contexts
and how the proximity of other community services to the residences and mosques would help
initiating the healthy lifestyles of citizens.
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Appendix A

Figure 1: the SEM diagram showing the
relationship between the independent variable
Proximity of the mosque and the dependent
variables diabetes symptoms mediated by the
neighbourhood conditions from neighbours on
Watching TV or working in the office. (note:
the diagram shows the standardized regression
weights)

Figure 2: the SEM diagram showing the
relationship between the independent variable
Proximity of the mosque and the dependent
variables Phsycial, religious activities mediated
by the vacant lands. (note: the diagram shows
the standardized regression weights)

Figure 3: the SEM diagram showing the
relationship between the independent variable
The mosque proximity and the dependent
variables clinical assessment tests. A number of
outdoor conditions act as mediating variables
(note: the diagram shows the standardized
regression weights)

Figure 4: the SEM diagram showing the
relationship between the independent variable
the mosque proximity and the dependent
variables clinical assessment tests. A number of
outdoor conditions act as mediating variables
(note: the diagram shows the standardized
regression weights)
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Abstract
Today, manufacturing companies are more and
more forced to find and implement new production methods and systems in the order to respond
to the market demands according to set deadlines
and appropriate qualitative characteristics of its
products. One of possible solutions that is increasingly becoming interesting to those companies is
the application of systems for Reversible Engineering (RE) in various areas of industrial production.
Thanks to its characteristics, the RE process found
a wide range of practical application in numerous
industrial branches, and one of them is automotive
industry. In this paper is presented techno-economic analysis of implementation of RE in creation of
technical documentation of submitted automotive
interior part with the aim to redesign it according to
specifications. A special place in the paper is dedicated to the methodology of the pre-processing of
three-dimensional (3D) digitalised data with special reference to the innovative method of data processing based on the application of artificial neural
networks, which are used to flattening of data without reducing the number of 3D digitized data. By
this way the processed raw cloud of 3D digitized
data better describes the real object of digitalisation
without reduction of number of its points.
Key words: Traditional approach, modern-day
approach, pre-processing, CAD model, sets of data.
1. Introduction
Modern production systems are characterized
by continuous efforts forincreasing of efficiency
through optimization of production processes. Today it can be notice the obvious trend of dynamic
development of innovative production systems
and processes in order to fulfil the requirements
of the market. In fact, the aim of these efforts is
to reduce so-called time-to-market (of time that
passes between getting ideas about the product
Volume 12 / Number 2 / 2017

and bringing that finished product to the market),
reducing the cost of products, increasing of product quality, and so on. One potential approach to
achievement of these objectives is application of
the RE system sin daily practice. From the point
of specific application area re can be seen in the
narrow and broad sense. In the narrow sense, RE
implied duplication of geometrical characteristics
of existing component, assembly or product in cad
software without the aid of technical documentation or existing cad model. In a broader sense, RE
can be seen as a systematic approach for analyzing
of existing device or system, and it can be applied
to the study of the design process of specific parts
/ systems, as well as, an initial step in the process
of redesigning of existing product.

Figure 1. Review of methods of 3D digitalisation
In this context, RE can be applied to study the
internal, as well as, all other parts of the cars with
the aim of comparing the existing part with the results of some analysis in order to obtain suggestions for potential improvement or customization
of parts [1].
Usage of RE in the automotive industry creates preconditions for reducing the time-to-market,
improving the quality of products and lowering
the cost of product development. In principle re is
based on 3D digitalisation i.e. On gathering of information about the coordinates of the points from
the surface of the physical object in 3d space and
139
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their translation into digital format which generates
the raw cloud of points which in virtual space describes/represents object of digitalisation. During
the time a series of methods and approaches for 3D
digitalisation i.e. Gathering of required geometrical
information are developed, (figure 1). Gathered information that virtual describes object of digitalisation has certain deviation in comparison to real
object. These deviations are result of many influences that occurred during realisation of process
itself (the presence of noise, i.e. Measurement errors and peaks, a large number of “unnecessary”
points, disorganized and incomplete data [1]). In
order to reduce above mentioned errors to a certain
acceptable value pre-processing of the raw cloud of
points is implemented, with following sub-phases:
elimination of impulse errors, flattening of data and
reduction of the number of points, (Figure 2). Often, first two sub-phases i.e. Elimination of impulse
errors and flattening of data are covered by the term
of filtering data - points.

Figure 2. Phases and methods of pre-processing
of 3D digitalised data
In various literature sources, depending on the
type, purpose and specific requirements of RE systems, there are some additional or modified subphases: analysis of straightness, regression analysis
and recovery of data-points [1, 2, 3], then flattening of data - points [4] as well as, sub-phases of extraction of data by cross sections and generating of
transverse and contour curves, which are specific
to the systems based on the methodology of crosssections [5, 6, 7]. On the other hand, with polygonal
approach to a RE process, there are certain specific
sub-phases such as: selection of group of triangles
for triangulation, selection of edges – entities and
Delaunay’s triangulation [7, 8]. It should be noted
that there is the problem of different comprehension of pre-processing phase, both in terms of lim140

its, as well as in term of inclusion of sub-phases. In
some cases, some of individual above mentioned
sub-phases can be found outside of pre-processing
phase, and some other like segmentation [1, 9] can
be included in. Because of that there are some differences in terms of the interpretation of the concept
itself, i.e. some of authors [3, 9] perceive this phase
as processing phase, without a prefix “pre”. However roughly it can be taken that pre-processing phase
begins with the completion of 3D digitalisation and
ends with the beginning of the generation / creation
of surface CAD model .In the present-day literature
that addresses this issue is given a set of methods
used in pre-processing of raw cloud of points with
the aim to provide a useful set of data that most adequately describes the object of 3D digitalisation.
The problem of too many points is reflected in the
fact that during the 3D digitalisation of physical objects, large amounts of data – points are collected.
This is especially typical for non-contact methods
of 3D digitalisation. However, the fact is that the
more complex surface of physical object requires a
greater number of points for satisfactory interpretation of digitalised object in virtual CAD space (process known as a term reconstruction). At the same
time, this large amounts of data can negatively affect the data processing by slowing of processing,
by requirement for powerful hardware and in extreme cases can make all processing impossible for
realisation. In other words, available CAD systems
in general, due to the limited memory and processor
resources, are not able to process the vast amount
of points obtained directly by 3D digitalisation of
scanned surfaces of the physical object [9]. In addition to the problems associated with manual 3D
digitalisation of parts with complex geometry, the
problems associated with the necessity of processing of large volumes of scanned data are important
obstacles for automation of RE process. Accordingly, it is necessary to reduced amount of obtained
3D digitalised data before being sent to some of the
software for the reconstruction of the surfaces. At
the same time level of reduction needs to ensure the
preservation of the quality of the reconstructed surface, because every wrong reduced point can lead
to increase of errors at CAD model [9].
Upon completion of the pre-processing of raw
cloud of points, 3D CAD model of the object of
digitization is generated. According to some studVolume 12 / Number 2 / 2017
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ies [10], a lot of time ca. 85% of the total time
during realisation of RE process is spent on the
phase of generation of surface model. Because of
that, partial or complete automation of this phase
would significantly contribute to increasing of
productivity of RE process. One of the possible
approaches for a partial automation of a process
of creation of a surface CAD model is implementation of artificial neural networks at the second
stage of pre-processing of “raw” set of data with
unreduced number of digitalised points. By applying of the described approach the raw cloud of
points will be in the second stage of pre-processing flattened in the shape similar to the generated
surface CAD model.
In other words, the time necessary for generation of surface CAD model will be reduced while
quality - accuracy of the CAD model will be better
because the cloud of points was generated without
mutual overlapping of digitalised data.

In order to perform comparative techno-economic analysis, technical documentation is made
in the traditional approach, as well as by application of RE approach. The term traditional approach
refers to development of technical documentation
based on the usage of conventional methods for
defining of geometrical characteristics of physical
parts. In this particular case, on both implemented
approaches the analysed parameters are: overall
costs of creation of technical documentation and
total geometric deviation of obtained parts from
the original part (assessment performed by
CAD inspection). Implementation of all activities in the Laboratory for Rapid Prototyping and
Reverse Engineering on the Faculty of Mechanical Engineering in Tuzla was realised. Upon completion of the procedure of 3D digitalisation (Figure 3. b) obtained “raw” cloud of point (Figure 4.
a) is pre-processed.

2. Object of digitalisation
In the daily business activities are frequently
encountered requirements for re-design and correction of existing components that for certain reasons
there is no technical documentation. These requirements are especially present in so-called “after-market parts” for the needs of the automotive industry.
One of such specific requests was used as an object
of research, which are presented in this paper. In
particular, it is the re-design and creation of technical documentation of submitted automotive interior
part of the world famous car manufacturer (Figure
3. a). The aim was creation of “after-market” part
in accordance to specific requests. The concept of
reverse engineering was used because there was not
available the original technical documentation.

a)
b)
Figure 3. a) Submitted sample - object of digitalisation, b) 3D digitalisation by laser scanner Next
Engine 3D Scanner HD
Volume 12 / Number 2 / 2017

a)
b)
Figure 4. a) Raw, non-pre-processed cloud of
points, b) Reconstructed 3D polygonal model of
digitalised object
In the first phase of pre-processing, so called reconstruction of the collected data is performed. It
basically presents a merge of multiple sampled segments of scans of a certain object in a single entity.
The scans are a set of information about the interrelated points which form a net of polygons, and
contain information (points, surfaces) on certain projections of sampled object. By overlapping of scans,
3D CAD polygonal model that is basic digital copy
of object of digitization is generated (Figure 4. b).
In this process, part of the information is unique
and cannot be obtained from a net of polygons or
any other projections, while part of information is
redundant i.e. there is overlapping with other nets.
In the second phase of pre-processing, on the
basis of appropriate alignment algorithm, joining
of redundant network is performed. The joining
141
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process is repeated until the set requirements are
not met (e.g., joining with the minimum error) or
until a certain number of iterations is completed.

a)
b)
Figure 5. Obtained 3D CAD model: a) RE approach, b) traditional approach
The result of this alignment process is usable
3D CAD model of raw clouds of points. The resulting CAD model is processed by different
methods (Figure 2), which finally enables creation
of the final 3D CAD model of object of digitalisation, (Figure 5.a.).
For the purposes of the pre-processing of raw
clouds of data obtained by 3D digitalisation, in addition to existing methods, a new method based on
artificial neural networks (ANN) on observed case
is developed and applied.
With the aim to pointing out of the qualitative
improvement of geometric information about object of digitalisation, CAD inspection of not preprocessed set of data and pre-processed set of data
by new method is made (Figure 6, Table 1).
Table 1. 3D comparison of: digitalised row
cloud of points, versus, obtained RE 3D CAD
model pre-processed by ANN method
Reference model

Obtained CAD model
Real non preTest model
processed set of data
Total number of points
223294
Number of deviating poi
662
3D deviations [mm]
Maximal critical
0,248
Maximal nominal
0,062
Minimal nominal
-0,062
Minimal critical
-0,248
Deviation [mm]
Maximum Upper
0,123
Maximum Lower
-0,137
Central
0,002/-0,002
Standard
0,003
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Figure 6. Results of CAD inspection, overlapping of row cloud of points (red dots) and obtained RE 3D CAD model pre-processed by ANN
method (yellow solid)
The results of the CAD inspection indicates
a satisfactory quality of geometric data pre-processed by applying adequately structured and
trained ANN. Creation of appropriate 3D CAD
model using of traditional approach begins with
the reception of the technical documentation or
sample (if there is no technical documentation)
of product which need to be produced. Upon receipt of corresponding input parameters (technical
documentation or sample) expert services within
the factory (technical services, design office, department for logistics, etc.) perform an analysis
of received parameters in order to obtain technical documentation and in accordance with the
analysis conclusions next activities are carried
out. In the case when an input parameter in the
production process is sample of physical part who
Volume 12 / Number 2 / 2017
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require certain adjustments according to specification, following steps include many measurements
technique by devices to obtain geometrical characteristics of sample and after that creation of 3D
CAD model and corresponding technical documentation of submitted sample can be carried out.
In this case as an input parameter in the production
process was the submitted sample (Figure 3a). Using the traditional method presented above, on the
basis of the measured geometrical values from the
submitted sample, corresponding 3D CAD model shown in the (Figure 5.b) has been created. In
order to point out the differences in accuracy between the resulting 3D CAD models created by
usage of traditional and modern-day (RE & ANN)
approach, on the basis of the obtained samples
on the (Figure 7) and the table 2 is presented
overview of completed CAD inspection. Corresponding results obtained by CAD inspection indicates that the total number of deviating points
(points that do not overlap) is 32534 points, which
is much more deviating points in comparison to
CAD inspection presented on the (Figure 6). Also
it can be seen that the maximum upper and lower
deviations of the observed 3D CAD models 6.232
[mm] in absolute values. Although at this comparison there is no so called initial “zero” CAD model,
according to presented results it can be concluded
that there is a difference between the created 3D Figure 7. Overlapped 3D CAD models (CAD
CAD models obtained by the traditional approach model created by traditional approach – RED
DOTS, versus, CAD model created by RE & ANN
and by the RE &ANN approach.
The results of the CAD inspection are present- approach – YELLOW SOLID)
ed in the table 2.
Table 2. 3D comparison of observed CAD models (CAD model created by traditional approach, versus,
CAD-model created by RE & ANN approach)
Reference model
Test model
Total number of points
Number of deviating points
Maximal critical
Maximal nominal
Minimal nominal
Minimal critical
Maximum Upper
Maximum Lower
Central
Standard
Volume 12 / Number 2 / 2017

Deviations [mm]

CAD model, traditional approach
CAD model, RE & ANN approach
196763
32534
3D deviations [mm]
6,232
2,074
-2,074
-6,232
6,232
-6,232
0,008/-0,002
0,458
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For the purpose of comparison of the implementation costs of two presented approaches for
creation of 3D CAD models from the same starting part to the same output (3D CAD models with
corresponding geometrical characteristics), cost
analysis of all activities is made. It is important to
emphasize that both of used approaches, according to theirs characteristics, have a different implementation steps, as well as because of universal
perception of result of costs analysis, the cost are
represented by a neutral monetary units i.e. [MU].
The results of the cost analysis are presented in
the table 3.
Comparative display of results obtained by
cost analysis, are presented at the (Figure 8). For
practical reasons, it was assumed that the qualitative geometric characteristics of both created 3D
CAD models is the same, and therefore the absolute value equal to one is assigned to them. Above
mentioned assumption comes from the fact that
when is used traditional approach, in contrast to
RE & ANN approach, there is no initial “zero”
CAD model which can be used for comparisons
and detect deviations of the obtained 3D CAD
model from the initial “zero” model. Furthermore,

during implementation of traditional approach
for measurement of the geometrical characteristics of the sample more measurement instruments
are used, therefore the quality of the obtained 3D
CAD model depends on the accuracy of the instruments and the skills of operator, etc. However, for
assume is that because of the ways of obtaining
of the 3D CAD model with RE & ANN approach
it can be expected significantly better qualitative
geometric characteristics of model compared to
the model obtained by traditional approach. Regardless of the all the above mentioned, because
of the difficulty in quantifying of qualitative geometrical characteristics between obtained the 3D
CAD models, in this paper it is assumed that the
geometrical qualitative characteristics identical in
both cases.

Table 3. Overview of costs
Traditional approach to creation of technical documentation
Obtaining of technical documentatiReq.
Costs per hour [MU]
Total costs [MU]
on - phases
time [h]
Analysis of the initial sample
3
50,00
150,00
Measurement of sample
10
50,00
500,00
3D modelling of sample
20
50,00
1.000,00
Creation of 2D drawing
8
50,00
400,00
In total [h]
Direct costs in total [MU]
41
2.050,00
Additional costs [MU]
300,00
OVERALL COSTS [MU]]
2.350,00
RE & ANN approach to creation of technical documentation
Obtaining of technical documentatiReq.
Costs per hour [MU]
Total costs [MU]
on - phases
time [h]
3D digitization of sample
0,6
50,00
30,00
Pre-processing of digitized 3D data
4
50,00
200,00
Creation of 2D drawing
8
50,00
400,00
In total [h]
Direct costs in total [MU]
12,6
630,00
Additional costs [MU]
300,00
OVERALL COSTS [MU]
930,00
Note: All activities are implemented by an engineer
144
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Figure 8. Comparative presentation of the results
of the cost analysis
3. Conclusion
The application of modern methods, approaches and techniques in everyday industrial practice
is inevitability, which adequately implemented
enables improvement of the competitiveness of
the process, and ultimately the production system
in its entirety. With the aim of emphasizing the
specific advantages of usage of the modern (RE)
additional innovated (ANN data pre-processing)
approach, compared to the traditional approach to
creating of 3D CAD models based on the existing
sample (Figure 3.a) a comparative analysis of the
quality of “geometric characteristics” as well as
economic aspects of the application of observed
approaches was performed and presented. A special aspect of the presented analysis is devoted
to the pre-processing of the collected data - the
“raw” cloud of point, where is pointed out the influence of this phase on the “geometric” quality
of the finished 3D CAD models. Within this, it is
presented a new approach to the pre-processing
of raw data by usage of appropriately structured
and trained ANN, and the results of application
the above mentioned approach are presented on
Volume 12 / Number 2 / 2017

the (Figure 6) and on the Table 1. These results indicate the importance of adequate pre-processing
of “raw” data from the aspect of obtaining a satisfactory geometrical quality of the resulting 3D
CAD model, i.e. the preservation of a sufficient
number of quality information on the geometrical
characteristics of the object of digitalisation. In
particular, by application of approach based on
pre-processing of the “raw” digital data by ANN,
at 0.296% points occurs deviation from the “raw”
set of points without application of pre-processing
with a maximum deviation of 0.062 [mm] between
points. These points that deviate, in essence, represents a loss of geometrical information of the resulting 3D CAD model In relation to the starting
“raw” cloud of digitalised points. According to the
results of a comparative analysis of the quality of
“geometrical characteristics” of the resulting 3D
CAD models (Figure 7, Table 2), the certain differences between the obtained models can been
seen such as the mutual deviation of large number
of points (deviation was recorded in 16.3% of collected points), where is large maximum deviation
2.074 [mm] noted. It is obvious that the application of two different approaches for the generation
of 3D CAD models on the basis of the same sample obtained geometric information are varying
in quality, where it can be assume with great certainty that the RE-ANN approach results in higher
quality of geometrical information of obtained 3D
CAD model. Of course for a fuller understanding
of the mutual relations between the two analyzed
approaches some other factors (time and cost of
implementation, available equipment and expertise, the required quality of geometrical information, the geometric complexity of the sample, etc.)
should be considered too. Only then, on the basis
of a comprehensive multi criterial analysis of the
specific case it is possible to make the right choice
of implementation of one or the second approach.
At the same time, comparative analysis of the economic aspects of the application of two observed
approaches (Table 3) indicates on certain benefits
provided by the application of RE-ANN approach
which are primarily related to the time and cost of
obtaining of 3D CAD model. In this particular case
the time of generating of 3D CAD model based on
the known sample is approx. 70% less, while the
direct costs of approx. 60% lower by applying RE145
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ANN approach in comparison with the traditional
approach. Despite these advantages, it is necessary to be aware of the fact that the use of REANN approach has some limitations that should
be taken into account. The limitations are related
to investment in equipment (hardware and software), and the necessary professional knowledge
of the operator that are required in order to take
advantage of resources that the aforementioned
approach allows. Finally, taking in to account all
aspects (cost, time, quality of “geometric characteristics” and number of activities) of carried out
and presented technical and economic comparative analysis of traditional vs. RE-ANN approach
to generating of 3D CAD models based on known
sample (Figure 8) it is clear that the application of
modern approach is justified, and its profitability
will be significantly increased with increasing of
geometric complexity of the part whose 3D CAD
model need to be developed.
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