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Diagnosis and Management of 
Cardiovascular Disease with an Intelligent 

Decision-Making Support System 
J. Bohacik andD. N. Davis 

Abstract—Cardiovascular disease is the principal cause of death in most European countries and may have a major negative 

impact on the patients’ functional status, productivity, and quality of life. It seems an automatic decision support system could 

lower these negative impacts. The current development stage of a patient-centric solution for remote management and 

treatment of cardiovascular patients is described from the point of view of decision support. The principle of the Decision-

making Support System is presented. Our prototype experimental results with Data Mining Models are also provided. 

Keywords—cardiovascular disease, data mining, decision support systems, risk assessment.  

 

1 INTRODUCTION

UROPEANhealth care systems are facing important 
challenges, such as ageing populations, increase in 
lifestyle-related health problems and limitations of 

health care resources. According to [4], cardiovascular 
diseases have been reported as the principal cause of 
death in most European countries. They account for 43% 
of mortality among men and for 56% among women. For 
both men and women coronary heart disease is the most 
prevalent cause of cardiovascular death; while stroke is 
relatively more prevalent in women. In cardiovascular 
risk assessment, diabetes is a very important factor as 
diabetes patients are at high risk for cardiovascular dis-
ease. Its prevalence is still rising due to several factors; 
overweight being one of these factors. Other important 
factors are age, gender, genetic factors, clinical factors 
such as hypertension, and life style factors such as smok-
ing, alcohol consumption, physical exercise and diet. 

Monitoring risk factors is important for the prevention 
of malignant events. Three areas of prevention can be 
distinguished: a) prevention in the total population; b) 
prevention in high risk groups; and c) prevention after 
cardiovascular events. Prevention in the total population 
includes life style factors and programs targeted at 
various groups in diverse settings, such as schools, local 
communities, homes for elderly people, healthcare 
providers etc. Prevention in high risk groups is targeted 
at chronic clinical conditions, which mainly affect adults 
aged 55 years or over, that would otherwise increase the  

 

risk for cardiovascular events, such as hypertension and 
diabetes. These conditions may also have a major 
negative impact on the patients’ functional status, 
productivity, and quality of life. Acute cardiovascular 
events such as myocardial infarction and stroke, 
determine mortality and, if the patient survives, define 
the quality of life and risk for recurrent events. 
Prevention in high risk groups and prevention after 
cardiovascular events includes both life style changes and 
medication. 

We are focused on high risk cardiovascular patients 
and prevention after cardiovascular events as active 
participants of the Bravehealth project. The Bravehealth 
project proposes a patient-centric vision to cardiovascular 
management and treatment, providing people already 
diagnosed as subjects at risk with a sound solution for 
continuous and remote monitoring and real time 
prevention of malignant events. The proposed solution is 
made up of the following sub-systems: 1) Wearable Unit: 
a miniaturised sensor, able to continuously monitoring 
parameters needed to preform a diagnosis by means of 
algorithms running on it. It is possible to perform 
sheduled analysis of parameters and to remotely trigger 
the screening of signs; 2) Remote Server: it is the main 
interface between clinicians and the system, providing 
both automated support, e.g. messages to the patient 
generated by the system, and doctor managed 
supervision, allowing communication with the patients 
with voice, text, and chat messages; 3) Gateways: they 
support health care delivery and they help to monitor the 
general health of the patient. 

The focus of this paper is decision support in the 
BraveHealth system. The paper is organized as follows. 
In section 2, sub-systems of the BraveHealth system are 
described from the point of view of decision support. The 
Decision Support System (DSS) itself is presented in 
section 3. Our prototype experimental results are 
discussed in section 4. Section 5 concludes this paper. 
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2 SUB-SYSTEMS OF THE BRAVEHEALTH SYSTEM 

The BraveHealth system, for decision support, is com-
posed of logical sub-systems as shown in Figure 1. As a 
result, it can be seen that decision support is required 
across all sub-systems: Patient Measure Devices, Mobile 
Patient Gateway, Remote Server, and Clinician Gateway. 
The communication and collaboration among these sub-
systems is shown in Figure 2.Patient Measure Devices are 
Wearable Unit, Blood Pressure Cuff, Digital Scales, etc. 
The prototype of the Wearable Unit is made of discrete 
components. It is designed to sense biological signals of 
interest, amplify and filter them, convert and process 
them in the digital domain. It is also designed to store and 
transmit (un)processed data to the Mobile Patient Gate-

way, and to receive configuration data from the Gateway. 
Patient Measure Devices connect to the patient mobile via 
Bluetooth. The data from these devices arrives encrypted 
on the patient mobile (an Android device) and the data is 
relayed to Remote Server for processing. Alert Notifica-
tions such as Green Notification meaning the patient’s 
condition is reverted to normal, or Episodic Measures 
such as the patient’s systolic blood pressure at a specific 
time point are not processed on the patient mobile. 

Mobile Patient Gateway has two primary functions. 
The first is to act as the conduit through which Wearable 
Unit sends its data to Remote Server. The second is to act 
as a client to Remote Server so that information is dis-
played to provide an indication of the current health situ-
ation, prompts for medication or exercises, or requests for 
information, such as short surveys. Mobile Patient Gate-
way interfaces with Remote Server via either a desktop 

PC, a laptop or a tablet. From this Ethernet/Internet con-
nection the patient mobile allows the patient to interact 
with the BraveHealth system. Patient configuration and 
information are kept on the Mobile Patient Gateway for 
ease of access by the patient, but this patient profile is a 
result of a configuration (by clinicians) that has happened 
on the Remote Server. In addition to the Mobile Patient 
Gateway, the Patient TV Gateway can be used as a client 
of the Remote Server and as a patient interaction device. 
It does not store data nor perform decision support pro-
cessing other than interaction and response/query man-
agement to the Remote Server. 

 
Figure 2: Working process of the BraveHealth sub-systems.  

The Clinician Gateway allows the medical profession-
als who treat a patient to have access to the data collected 
from the patient’s Wearable Unit, in both a trace of read-
ings from different sensors and also a static overview of 
the readings. Clinicians have an indication of the status of 
all patients under their care, and can access the Decision 
Support System. Clinicians configure the BraveHealth 
system for a patient, including the Wearable Unit. This 
configuration is stored at the Remote Server. A subset of 
the patient data (including the Wearable Unit configura-
tion) is stored at the Mobile Patient Gateway and it is 
used to configure the Wearable Unit according to the cli-
nicians’ requirements (e.g. Patient Risk Level). Episodic 
measures are collected according to this configuration. In 
normal operation, these are stored locally on the Mobile 
Patient Gateway and relayed to Remote Server (and 
stored in a database) at more over-reaching episodes. Cli-
nician Gateway interfaces with the Remote Server via 
either a desktop PC, a laptop or a tablet. Any other device 
connects to one of these in order to interact with the 
BraveHealth system. 

3 DECISION SUPPORT SYSTEM 

The Decision Support System being built into the 
BraveHealth architecture is intended to provide support 
for both the clinician and the patient. Through the im-
plementation of standard clinical models it ensures that 

 

Figure 1: The BraveHealth logical architecture from the point of 
view of decision support.  
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routine clinical consultations are made more consistent 
and informative. The implementation of the BraveHealth 
system includes multiple Decision Support Systems that 
augment the functionality of the Wearable Unit (and oth-
er Patient Measure Devices) to ensure a more informative 
experience for both the patient and the clinician. An ex-
tended functionality to multiple Decision Support Sys-
tems augments the Telehealth functionality of the 
BraveHealth system and allows improved clinical risk 
analysis. 

The BraveHealth system supports the following levels 
of decision support sub-systems: 

• Wearable Unit Processor; 
• Lightweight Decision Support System on the 

Mobile Patient Gateway; 
• Full Decision Support System on the Remote 

Server; 
• Decision Support for Clinicians on the Clinician 

Gateway. 
Decision model building is done only on the Remote 
Server but it can be deployed across the architecture. Full 
Decision Support System has the capability (and models) 
to recommend Patient Risk Level changes. The clinicians 
need to decide whether they want Full Decision Support 
System to change Patient Risk Level or merely make a 
recommendation to the clinicians. Wearable Unit Proces-
sor is only capable of generating data, specific data relat-
ed analyses and initiating Alert Notifications. It does not 
have access to the contextual information needed to de-
termine a more appropriate status of the patient (such as 
the change of Patient Risk Level). 

The expected functionality and knowledge models of 
the Decision Support System architecture are as follows: 

• Clinical Models:  decision support models such 
as alert and pathology risk models; 

• Causal Models: diagnostic models that allow 
causal relationships to be modelled. These can be based 
on Clinical Models or improve on models using Bayesian 
networks; 

• Data Mining Models: classification models de-
ployed on the Mobile Patient Gateway and the Remote 
Server such as classification rules, decision trees, fuzzy 
rules, and neural networks. 

The monitoring schedule and actions of the 
BraveHealth system are tailored to each patient according 
to the patient groupings. Thus within the BraveHealth 
system patients are categorized based on Patient Patholo-
gy and Patient Risk Level, with patient specific Alert No-
tifications. The risk profile for any patient is a combina-
tion of three factors: 

• Pathology types: patients are to be assigned by 
clinicians as belonging to a specific pathology type, e.g. 
Heart Failure or Hypertension; 

• Risk stratification: patients are assigned by clini-
cians as belonging to one of three categories: high risk, 
medium risk or low risk. These categories and their defi-
nitions are based on sound rules drawn from clinical 
practice. Movements between these levels can be moni-
tored, or recommended. But only clinicians can change 
the risk status of the patient (Patient Risk Level). Full De-

cision Support System monitors patients, and acts as an 
aide to the clinicians by offering decision support (to cli-
nicians) on a patient’s current risk level by flagging up 
important changes. This uses expert system technologies 
that can be augmented (after a period of data collection 
within BraveHealth) through data mining; 

• Alert Notifications: clinicians assign patient spe-
cific thresholds for three alert categories: Red Notifica-
tion, Yellow Notification or Green Notification. Emergen-
cy Notification will be incorporated into subsequent 
BraveHealth releases. Full Decision Support System en-
hances the support provided to both the patients and the 
clinicians and indicates changes to the clinicians to Risk 
stratification based on these Alert Notifications. Green 
Notifications are only sent when the prior alert was Yel-
low Notification or Red Notification. 

Alert Notifications in the BraveHealth system are de-
fined by the clinicians as follows: 

• Red Notification: a serious modification of clini-
cal parameters requiring immediate attention; 

• Yellow Notification: a non-critical but potentially 
dangerous modification of clinical parameters has ap-
peared; 

• Green Notification: the patient’s condition is re-
verted to the normal status;  

• Emergency Notification: a set of pathological 
conditions which represent a life threatening event. When 
one of these conditions applies, the emergency protocol is 
activated. Emergency Notifications are more than a spe-
cial case of Red Notifications and will be introduced into 
BraveHealth after the initial prototype. 

4 EXPERIMENTAL RESULTS 

At the current state we have done some prototype exper-
iments with Alert Notifications and Data Mining Models. 
Experiments were carried out with our Java software tool 
which is being developed with the intention of its perma-
nent integrational the Remote Server of the BraveHealth 
system. Some core algorithms are implemented in exter-
nal libraries: NeticaTM[6] and Weka [7]. In this section, the 
results of our experiments with Data Mining Models are 
discussed. The performance of Data Mining Models is 
measured with sensitivity = tp/(tp + fn), specificity = 
tn/(tn + fp), and accuracy = (tp+tn)/(tp+fp+fn+tn). In the 
formulas, tp/ fp/ fn/ tn is the number of true posi-
tives/false positives/false negatives/true negatives. A 
low risk patient is considered negative and a high risk 
patient is considered positive. Medium risk patients are 
not recognized at our prototype experiments. Values 
tp, fp, fn and tn are computed during 10-fold cross-
validation. As a dataset, a group of 839 patients is used. 
The patients are described by 17 attributes: Age, Gender, 
Heart disease, Diabetes, Stroke, Side, Respiratory problem, Re-
nal failure, ASA grade, Hypertension, ECG, Duration, Blood 
loss, Shunt, Patch, Coronary artery bypass surgery, and Con-
sultant. The attributes are considered equally important 
initially. Some of them are considered more important 
than others in Data Mining Models, but the decision 
about their importance is based on particular Data Min-
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ing Models and collected data about patients. 
 

TABLE 1 
EXPERIMENTAL RESULTS 

Method SEN (%) SPEC (%) ACC (%) 

Bayes 7.94 97.48 84.03 

C4.5 4.76 98.60 84.51 

LVE 65.08 75.88 74.26 

MCA-T-T 60.32 96.07 90.70 

MLP 15.08 89.62 78.43 

MMI 77.78 89.62 87.84 

NNC 15.08 90.18 78.90 

TreeBayesNet 77.78 96.63 93.80 

 
Our experimental results are presented in Table 1. The 

meaning of the used symbols is as follows.Sensitivity 
(SEN), specificity (SPEC), accuracy (ACC) are measures of 
the performance of Data Mining Models in percent-
ages(%). Bayes denotes a Bayesian network implemented 
in Weka as class BayesNet. The Bayesian network repre-
sents a joint probability distribution over a set of categori-
cal attributes. Numerical attributes are discretized. It con-
sists of a directed acyclic graph and conditional probabil-
ity tables. It allows the computation of the (joint) posteri-
or probability distribution of any subset of unobserved 
assignments of values to attributes, which makes it possi-
ble to use for classification. C4.5 is a decision tree classifi-
er implemented in Weka as class J48.The decision tree has 
two types of nodes: a) the root and internal nodes (associ-
ated with an attribute); b) leaf nodes (associated with a 
class). Its creation is based on searching attributes for po-
tential associations with nodes on the basis of information 
they bring.Basically, each non-leaf node has an outgoing 
branch for each possible categorical value/subset of nu-
merical values of the attribute. Risk for a patient is deter-
mined using the decision tree, beginning with the root, 
successive internal nodes are visited until a leaf node is 
reached. The leaf node contains the risk. LVE is a fuzzy 
rule classifier based on linguistic variable elimination [1]. 
First it transforms attributes into variables and then it 
computes membership degrees on the basis of the data 
about patients.Then it eliminates the least important at-
tribute in a way that leads to dividing the data into two 
groups with subsets of the variables and with minimal 
inconsistences between the membership degrees for the 
variables and the class variable. It continues in the groups 
until no further elimination is considered important and a 
set of fuzzy rules is formed. The formed fuzzy rules are 
used for risk estimation.MCA-T-T transforms attributes 
into variables and then it computes membership degrees. 
It makes a fuzzy decision tree which is transformed into 
fuzzy rules. It uses classification ambiguity as a criterion 
for association of a variable with the node of the tree and 
choses the variable with its lowest value.Fuzzy rules ac-
quired from the tree are simplified and the degree of 
truthfulness of fuzzy rules is kept in simplification [8]. 
MLP is a neural network classifier using multilayer per-
ception implemented in Weka as class 
MultilayerPerception.It consists of interconnected neu-

rons. A neuron takes positive and negative numerical 
values from other neurons and when the weighted sum of 
the stimuli is greater than a given threshold value, it acti-
vates itself. MMI is similar to MCA-T-T, but it uses max-
imization of mutual information as a criterion for associa-
tion of a variable with a node [5]. Also, there is no simpli-
fication of the acquired fuzzy rules. NNC is a nearest 
neighbour classifier using non-tested generalized exam-
ples [7] implemented in Weka as class NNge.It assumes 
known cardiovascular patients correspond to points in 
space��. When the risk for a new cardiovascular patient 
is being determined, k-nearest known cardiovascular pa-
tients to the new one are found and they are used with a 
weight.TreeBayesNet denotes a Bayesian network im-
plemented with NeticaTM and learnt on the basis of a C4.5 
decision tree [6].  

The methods in Table 1 are evaluated so that minimiz-
ing life-threatening situations, minimizing costs and max-
imizing interpretability are preferred. Life-threating situa-
tions appear when patients at high risk are considered 
low risk, which is measured by sensitivity. This risk 
should be minimized and so sensitivity should be maxim-
ized. Costs are increased when low risk patients are treat-
ed as if they were high risk, which is measured by speci-
ficity. Interpretability is subjective, but it is obvious that 
the interpretability of neural networks is worse than the 
interpretability of other compared methods. Also, if we 
consider e.g. a group of discovered fuzzy rules, a better 
interpretability is achieved when the number of fuzzy 
rules is smaller and the expressions in conditions have 
fewer assignments of linguistic terms to linguistic varia-
bles. Our classifier TreeBayesNet gives the highest sensi-
tivity 77.78%, the highest specificity 96.63%, and the high-
est accuracy 93.80%. Its interpretability is also good as it is 
a Bayesian network, which is familiar to many clinicians. 
When only fuzzy rule classifiers are taken into considera-
tion, the best combination of minimization of life-
threatening situations, minimization of costs and maxi-
mization of interpretability is achieved by MCA-T-T. 

5 CONCLUSION 

A prototype design and recent research on a patient-
centric solution for remote management and treatment of 
cardiovascular patients and its Decision Support System 
architecture are presented in this paper. The solution is 
composed of four sub-systems: Patient Measure Devices, 
Mobile Patient Gateway, Remote Server and Clinician 
Gateway. Decision support is required on all of the sub-
systems. It is done by the following decision support sub-
systems: Wearable Unit Processor, Lightweight Decision 
Support System on the Mobile Patient Gateway, Full De-
cision Support System capable of (re-)building knowledge 
models on the Remote Server, and Decision Support for 
clinicians on the Clinician Gateway. Cardiovascular pa-
tients are divided into three risk levels and also according 
to a specific pathology type. A patient is monitored in 
real-time and the obtained data is used by decision sup-
port sub-systems. With the support of Clinical Models, 
Causal Models and Data Mining Models, they can trigger 
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Alert Notifications meaning different levels of emergency 
or they can suggest a change of the patient’s risk level to 
clinicians. Our prototype experiments with Data Mining 
Models are analysed further. A model using a Bayesian 
network learnt on the basis of a decision tree seems to 
have the best results. Its sensitivity measuring how un-
likely life-threatening situations are is 77.78% and its 
specificity measuring how the costs of treatment are min-
imized is 96.63%. Fuzzy rule classifiers also achieve 
promising results. Among them, a fuzzy rule classifier 
based on minimization of classification ambiguity 
achieves the best results with sensitivity 60.32% and spec-
ificity 96.07%. Further research will include integration of 
Data Mining Models into alert rules for Alert Notifica-
tions. 
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Proposition of a Language Learning Procedure for Artificial 

Intelligence to Enhance Basic Communication Skill 

Nishatul Majid and Tasnubha Bably 

Abstract—The idea of creating language experts through machines is one of the toughest challenges faced by the industry of 

Artificial Intelligence over past few decades. The concept of language is old enough to recall how we really discovered it and the 

learning process is mysterious enough to implement. This paper presents some facts and scenarios, which play vital roles to 

adapt the concept of language for a human child, and also tried to propose some analogical equivalency that can be imposed 

on machines during their learning period. It will never be possible to ignore the impacts of human emotion, motivation, 

assessment, situation judgment capability etc. from the context of a natural and successful conversation; therefore some 

relevant propositions over the existing architecture of computational linguistics are proposed here in this work. 

Keywords—AI – Artificial Intelligence, NLP – Natural Language Processing, HSP - Human Speech Processing, CL – 

Computational Linguistics, AGI – Adaptive General Intelligence, AIML - Artificial Intelligence Markup Language 

 

1 INTRODUCTION

RTIFICIAL Intelligence is a concept of implementing 
intelligence through machines/ computer programs. 
Even a few decades ago, this was merely a handy 

term, which was useful to write science fiction stories and 
other fantasy purposes. Recent days, especially in the 
1990s and early 21st century, AI achieved its greatest suc-
cesses and it is now clearly predictable that, in near fu-
ture, there will be revolutionary change in human civili-
zation architecture due to this AI industries. The intro-
ductory uses that have already been started by the end of 
the day are - game playing, speech recognition, under-
standing natural language, computer vision, expert sys-
tems, heuristic classification etc. These are simply childish 
applicability of this concept and the fact is; the technology 
is still in a premature developing stage. The fundamental 
challenges that are to be faced are in the sectors of deduc-
tion, logical reasoning, problem solving, knowledge rep-
resentation, planning, learning, Natural Language Pro-
cessing (NLP)/ Human Speech Processing (HSP), motion 
and manipulation, perception, social intelligence, creativi-
ty, general intelligence etc. The key-concern of this con-
text is oriented with the NLP/ HSP section; more specifi-
cally, with a sub-section of NLP/ HSP called Text Pro-
cessing; under the discipline named Computational Lin-
guistics (CL). 

 

2 EVOLUTION OF ARTIFICIAL INTELLIGENCE 

Long before the first computers were built, many sci-
entists were convinced that certain kinds of artifacts could 
be made to exhibit intelligent behavior. The sector of AI 
research was founded at a conference on the campus of 
Dartmouth College in 1956. Programs with which com-
puters can solve word problems in algebra, prove logical 
theorems and speak English were written by the at-
tendees and some of their students. By the middle of the 
1960s, research in the U.S. was profoundly supported by 
the Department of Defense [1]. 

The 1970s brought the first commercial applications of 
machines that could reason from a base of knowledge 
meticulously gleaned from human experts. Such "expert 
systems" now serve as automated consultants for certain 
narrow areas of expertise, including specialized medical 
diagnosis, chemical analysis, circuit design and mineral 
prospecting. In the early 1980s Japan, followed closely by 
Britain and the EEC, announced major national programs 
to develop what are sometimes called "fifth-generation" 
AI computer systems. In Canada there are a small num-
ber of university research groups specializing in AI [2]. 

In the 1990s and early 21st century, AI achieved its 
greatest successes. Artificial intelligence is used for logis-
tics, data mining, medical diagnosis and many other areas 
throughout the technology industry. The success was due 
to several factors: the incredible power of computers to-
day, a greater emphasis on solving specific sub-problems, 
the creation of new ties between AI and other fields work-
ing on similar problems, and above all a new commit-
ment by researchers to solid mathematical methods and 
rigorous scientific standards [1]. 

Several groups and organization, these days, are in-
volved in research and development of linguistic centric 
AI modules. One example of such a kind is ALICE AI 
foundation, which is a research and training organization 
devoted to the development and adoption to AIML (Arti-
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ficial Intelligence Markup Language). There are several 
projects of this foundation, for example Albert, ALICE, 
CLAUDIO, DAVE, ShakespeareBot, L.E.O., iGod etc. Fur-
thermore, several companies such as Iplearn, Leverance, 
MIT, ScanSoft etc. are working on Chat Robot Patents. [3] 
At the end of 2011, we’ve got SIRI (Speech Interpretation 
and Recognition Interface), perhaps the most successful 
implementation of a natural language user interface, 
which works as an application for Apple iOS. 

3 PROPOSITION OF THE MODULE 

From the base of human race, language is the most suc-
cessful way of communication so far. In case of machines, 
the language is usually called machine language, consists 
of nothing but a stream of binary bits. If natural human 
language can be converted into machine language direct-
ly that would be a major breakthrough. This is the case 
where a linguistics based AI unit is needed. The merits of 
communicating with natural language, rather than giving 
commands through keyboard, mouse etc. is obvious. It 
would be case where people will not require being an 
expert to get his/her job done via machines. 

The core of the concept that a machine speaks/ be-
haves like a human or shows the existence of intelligence 
with the use of language introduced a new area of lin-
guistics, which is called the Computational Linguistics. In 
general, computational linguistics draws upon the in-
volvement of linguists, computer scientists, and experts in 
artificial intelligence, mathematicians, logicians, cognitive 
scientists, cognitive psychologists, psycholinguists, an-
thropologists and neuroscientists, among others. [4] The 
theme of this work is to schematically represent the struc-
ture, constrains and procedural operations in order to 
develop a text based linguistic centric AI unit. Figure 1 
shows the position of Computational Linguistics. 

The way a human child learns the concept of language 
is still now an unsolved mystery. Logically and theoreti-

cally, here is no reason that a human child can learn to 
speak. [6] But practically, with the help of the supreme 
neural architecture children acquire language quickly, 
easily, and without effort or formal teaching. It happens 
automatically, whether their parents try to teach them or 
not. Though, there is no significant explanation, but it is 
thought the self-sustaining nature is mainly responsible 
for this complex process where several inbuilt properties 
in a child like mimicry, emotion etc. helps during this 
adaptation process. 

Some almond-shaped groups of nuclei located deep 
within the medial temporal lobes of the brain, called 
Amygdala is thought to be the principle reasoning for 
these procedures. In complex vertebrates, the amygdala 
performs primary roles in the formation and storage of 
memories associated with emotional events. Research 
indicates that, during fear conditioning, sensory stimuli 
reach the basolateral complexes of the amygdala, particu-
larly the lateral nuclei, where they form associations with 
memories of the stimuli. The association between stimuli 
and the aversive events they predict may be mediated by 
long-term potentiation, a lingering potential for affected 
synapses to react more readily. Sometimes, this is referred 
as Emotional Learning [7], [8]. Figure 2 shows the loca-
tion of Amygdala in the human brain. 

Self-Learning: The proposal in this work is to prepare 
an A.I. unit Self-Sustainable. The formal meaning of this 
term is “supporting or able to support oneself or itself” or 
“able to continue once begun”. There are some quite similar 
models like Self-Learning AI or Adaptive General Intel-
ligence (A.G.I). Computer systems based on AGI technol-
ogy ('AGIs') are specifically engineered to be able to learn. 
They are able to acquire a wide range of knowledge and 
skills via learning similar to the way we do [9]. The pro-
posed self-sustaining model is almost similar to this AGIs 
concept except it always resides in some kind of short-
term and long-term parenting. 

4 GROWTH PROGNOSTICATION 

A human child can learn language from an absolute zero 
point, as we don’t know the how; i.e. an A.I. can’t do the same. 
That’s why in the developing stage; some initials have to be 
introduced for Language Recognition and Language Synthe-
sis. These are pictorially shown in Figure 3. 

Language Recognition or Analysis: The Word Pro-
cessing unit includes three (or more) layers of infor-
mation. In the basic layer, there are dictionaries, thesaurus 
etc. as knowledge base. In the secondary level, the sources 

 

Figure 2: Location of Amygdala in the human brain. 

Figure 1: Position of Computational Linguistics [5]. 
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are online journals, encyclopedias, databases etc. When these 
are not enough, in the tertiary level the word processing 
is done by analyzing history (from previous sessions), 
forced implications etc. 

The Sentence Processing Unit is capable of trans
ing any sentence into predicate logic according to some 
rule base. Basically, it includes a rich library about se
tence structures and patterning. This Unit can analysis the 
grammar of any sentence and correct it if necessary. Fu
thermore, it can propose alternate sentence structures also 
according to some predefined policy. 

The Paragraph Processing Unit is capable of summ
rizing a passage by identifying the keywords, important 
sentences, word frequency, frequency of the frequencies 
pattern etc. The Session Processing Unit 
ultimate result, output, key issues from any session. It 
should also be capable of criticizing the users from the 
over-all session; i.e. this unit can comment on users.

Language Synthesis or Generation: The 
Base is the fundamental library, which includes all the 
needed rules and protocols for the unit. This will have a 
direct linkage with the knowledge base/ vault. The 
ence Engine is the decision maker unit and always has 

Figure 3: Modules in built for (a) Language Recognition (b) La
guage Synthesis. 
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etc. When these 
are not enough, in the tertiary level the word processing 

(from previous sessions), 

is capable of transform-
ing any sentence into predicate logic according to some 
rule base. Basically, it includes a rich library about sen-
tence structures and patterning. This Unit can analysis the 
grammar of any sentence and correct it if necessary. Fur-

se alternate sentence structures also 

is capable of summa-
rizing a passage by identifying the keywords, important 
sentences, word frequency, frequency of the frequencies 

sion Processing Unit can deduce the 
ultimate result, output, key issues from any session. It 
should also be capable of criticizing the users from the 

all session; i.e. this unit can comment on users. 
The Primary Rule 

is the fundamental library, which includes all the 
needed rules and protocols for the unit. This will have a 
direct linkage with the knowledge base/ vault. The Infer-

is the decision maker unit and always has 

been one of the basic units of a
pose of this unit is to take a Decision Statement based of 
some Input Information. The Logical Deduction
works principally based on basic logical operations like 
AND, OR, NOT, EXOR etc.  

According to the design, there will be a lo
modules integrated with the fundamental database. Each 
small module will be represented with a 
cation Number with which will bias all of its random 
choices in a unique pattern. This is simply to define ind
viduals for the AI modules, which is very important for 
the inter-communication between AIs in order to e
change or share knowledge, experience.

The Emotional Status Bar is basically a concept to vi
tually simulate the emotional involvement during a co
versation. There will be a multidimensional space using 
all the well defined basic emotions as its fundamental 
axes. A bar will tend to move on towards some emotional 
dimension based on the conversation pattern. Each AI 
individual’s psychological pattern will be developed by 
individual psychiatrists; i.e. they will implement an em
tional patent and correct the wrong emotional behavior 
on a periodic basis during the parenting period.

Finally, the Motivation Counter
very simple concept and way behind to replace Amygd
la or other neural learning patterns, but still it is an intr
ductory effort. The AI module will have a self
system for assessing and therefore controlling it
ior. The marking will be based on user’s feedback, nu
ber of correct assessments, number of valid logical dedu
tions, successful handling of the emotional bar, comments 
from the parents etc. Therefore, there will a kind of mot
vation or aim for the unit to score as much as possible. An 
AI unit with higher marks will eventually indicate more 
matured one. 

Parenting stage: A linguist and a psychiatrist will 
work as a parent of a module. In this stage, the unit will 
try to learn something from the intera
The concept is very simple, a large number of different 
modules with different unique identity will be stored in a 
server and each of them will go under text base intera
tion with users by accepting user requests. For example a 
user logs in to the server in order to spend some time 
with a unit. In reply to the request, the server will send 
one of its free (not already busy with another user) unit. 
Then there will be an interaction between them for some 
time and during the conversation 
learn particular things or concepts like new words, new 
Syntactic, new meaning for different words, proper use of 
sentences, the ways to carry a conversion perfectly, theme 
of a conversation/ passage etc from the user’s speech and 
behavior. Besides, the AI modules will undergo comm
nication in between them also in order to share and e
change information. The functionality of a linguist during 
the parenting period is basically monitoring the AI unit 
by checking and correcting the thin
unit tried to learn from the previous conversation se
sions in regular basis. A group of programmers will then 
convert the rules from the parents into machine language 
and impose them on them module. This whole procedure 

 

Modules in built for (a) Language Recognition (b) Lan-
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been one of the basic units of any AI module. The pur-
pose of this unit is to take a Decision Statement based of 

Logical Deduction unit 
works principally based on basic logical operations like 

According to the design, there will be a lot of small AI 
modules integrated with the fundamental database. Each 
small module will be represented with a Unique Identifi-

with which will bias all of its random 
choices in a unique pattern. This is simply to define indi-
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communication between AIs in order to ex-

change or share knowledge, experience. 
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tually simulate the emotional involvement during a con-
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all the well defined basic emotions as its fundamental 
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dimension based on the conversation pattern. Each AI 
individual’s psychological pattern will be developed by 

vidual psychiatrists; i.e. they will implement an emo-
tional patent and correct the wrong emotional behavior 
on a periodic basis during the parenting period. 

ivation Counter, which is basically a 
very simple concept and way behind to replace Amygda-
la or other neural learning patterns, but still it is an intro-
ductory effort. The AI module will have a self-marking 
system for assessing and therefore controlling its behav-
ior. The marking will be based on user’s feedback, num-
ber of correct assessments, number of valid logical deduc-
tions, successful handling of the emotional bar, comments 
from the parents etc. Therefore, there will a kind of moti-

unit to score as much as possible. An 
AI unit with higher marks will eventually indicate more 

A linguist and a psychiatrist will 
work as a parent of a module. In this stage, the unit will 
try to learn something from the interaction with the users. 
The concept is very simple, a large number of different 
modules with different unique identity will be stored in a 
server and each of them will go under text base interac-
tion with users by accepting user requests. For example a 

ogs in to the server in order to spend some time 
with a unit. In reply to the request, the server will send 
one of its free (not already busy with another user) unit. 
Then there will be an interaction between them for some 
time and during the conversation the AI unit will try to 
learn particular things or concepts like new words, new 
Syntactic, new meaning for different words, proper use of 
sentences, the ways to carry a conversion perfectly, theme 
of a conversation/ passage etc from the user’s speech and 
ehavior. Besides, the AI modules will undergo commu-

nication in between them also in order to share and ex-
change information. The functionality of a linguist during 
the parenting period is basically monitoring the AI unit 
by checking and correcting the things that the module/ 
unit tried to learn from the previous conversation ses-
sions in regular basis. A group of programmers will then 
convert the rules from the parents into machine language 
and impose them on them module. This whole procedure 
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will then be continued in a cyclic order until the AI mod-
ules achieves enough score/ points to be considered as a 

Matured Program. This whole parenting process is sche-
matically shown in the following Figure 4. 

5 SAMPLE EXPERIMENTATION 

For proper understanding of the proposal, a sample con-
version is presented in this section between a user and an 
AI unit. 
 
# User: Hi ⇒ AI: Hello 
# User: May I have the pleasure to know your name? 

 
At this point, the AI can’t find such a structure of con-

versation in its database; i.e. it does not know what the 
user is trying to say. Therefore, it will make a sentence 
with one of it’s built in syntactic with the keywords 
Pleasure, Know, Name 

 ⇒ AI: Did you mean that, you are pleased to know my name? 
# User (possible answer): No, no, no. I just wanted to 
know your name. 

 
Lets assume that, this time also the AI is in trouble to 

extract the meaning but in this case it knows the structure 
and carry the conversation on in a stupid way. 
 ⇒ AI: So you wanted my name. Did you get it? 

 
This is how it behaves in preliminary levels, can be 

called as an immature stage of the AI unit. 
The linguist first checks the chat history and he/ she will 
have a slightly different text interface to upgrade the 
module. Though not exactly, but will be something like 

the followings. 
 

 
 

 
* Linguist: “May I have the pleasure to know your 
name?” is almost equivalent to the question “What is 
your name?” So what will you answer then? ⇒ AI: I am an Artificial Intelligence unit, so I do not have a 
name. 
* Linguist: the word Pleasure in that sentence is some 
kind of Courtesy. These are almost Meaningless but 
helps to Assess the user. And Courtesy should be replied 
by another Courtesy. ⇒ AI: I can understand that and updated my database accord-
ing to that. 
* Linguist: If someone wants to know your name, you 
should also ask his/ her name. But it is not always man-
datory. ⇒ AI: I can understand that and updated my database accord-
ing to that. 
* Linguist: These are a few more ways in which users can 
ask, “What is your name?” For example.... 

 
Finally, these rule assignments are converted into in-

structions and machine language by a computer pro-
grammer. Afterwards, the module will behave in the fol-
lowing way. 

 
# User: Hi ⇒ AI: Hello 
# User: May I have the pleasure to know your name? ⇒ AI: I am an Artificial Intelligence unit, so I do not have a 
name. But thanks for asking. What is your name?  
# User: My name is Mr. X. 

 

 

Figure 4: Schematically shown the overall Parenting Period Infrastructure 
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This is how the basic works. The AI unit will record its 
entire chat history and always tries to learn from the us-
ers. So, basically users are the main Information source 
and the linguists in some sense can be said as Confirma-
tion source. 

6 CONCLUSION 

The approach presented here is basically an effort to 
overcome the limitations of traditional AI and make the 
development process a lot faster. In this proposition, the 
involvement of the scientists and the linguists together 
implies the methodology to learn about ‘How to Learn’. 
Linguistics is basically the science of language; a linguist 
knows the art to teach, the magic of using language, ways 
to continue a bold conversation. Hence, a co-operative 
effort, an Integration of knowledge will certainly speed 
up the fictions of today to be real. There is no doubt that, 
the successful implementations of such AI unit will dev-
astatingly change the whole architecture of the civiliza-
tion and hopefully towards the good. The applications of 
these units are simply uncountable; most of them are al-
most impossible to imagine with the help of present re-
sources. The whole world is working with this challenge 
these days. Here, within this short enclosure, no specific 
model was possible to introduce, neither was it tried. This 
work is an effort to encourage people of different disci-
plines to work co-operatively. Some basic introductory 
modules are proposed to explain the methodologies of 
sharing the skills. Though, these discrete modules are far 
behind from being a complete system, they still offer an 
upgrade without any doubt. 
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Factors Influencing Teachers’ Laptop 
Purchases 
Shamsunnahar Tania 

Abstract— Having a Laptop, nowadays, is an essential need than a luxury. Laptops play a governing role among various 

professionals especially among learners. This study examines the various issues and factors responsible for purchasing a 

Laptop by teachers’ community of different private universities in Dhaka city. The Study revealed that 58% of the male faculties 

and 42% female faculties use Laptop for their professional life. The most preferred brand for the university teachers is HP which 

is about 30% of the available market brands. About 70% of teachers use Laptops for their academic purposes. We found 60% 

faculties were satisfied with their used brand. The research also showed that satisfaction on laptop performance greatly 

associated with brand, duration of use, age of the user and his/her professional status. We found that Branding, Technical 

Features, Special features, Values, Mobility are the five factors that influence consumers’ laptop purchases. This research also 

seeks to evaluate the differences of the  factors influencing consumers’ laptop purchases between male and female teachers. 

Keywords— Factor, teacher community, purchase decision, Branding. 

 

1 INTRODUCTION

aptop are portable, stylish and highly efficient com-
puting devices. They make it possible to continue 
working at home or away from the office, accomplish 

schoolwork and view multimedia content. With so much 
of desirable functions available on these small devices, 
anyone can find some use for these computers, whether it 
is for business, work, learning or play. There are decisive 
studies on consumer purchase decision models in the 
literature, however, consumer purchase decisions vary 
greatly depending on the product to be purchased. There-
fore, sectoral studies are needed to delineate the factors 
affecting consumer purchase decisions in various product 
markets. "Mobility wins" will be the top theme of the year 
as mobile devices outperform PCs by more than 2 to 1 
and generate more revenue than PCs for the first time 
(The International Data Corporation (IDC), 2012). Dell 
was the number one choice worldwide with 7.9 million 
sales. It was followed respectively by HP (7.4 million), 
Toshiba (5.8 million), IBM (4.3 million), and Acer (3.9 mil-
lion) in year 2010 (What Laptop 2010). Furthermore, rev-
enue generated from notebooks has long surpassed desk-
tops, thanks to higher average selling prices for note-
books. In addition, new product launches to the market, 
acquisitions and mergers in the sector, rapid develop-
ments in the nanotechnology, integrated wireless net-
working, and decreased prices make it extremely vital for 
the companies to understand the factors underlying the 
consumers’ laptop purchase decisions. In any situation 
consumers are the first priority in business’s marketing 
planning. Several questions are frequently asked by com-
panies: who are the expected buyers? What are the con-

sumers’ want? What are the motives that influence buy-
ing decision? 
 

The objectives of this study are to find out consumers’ 
Purchase Pattern of Laptops, their expectations and Pur-
chase Decisions. Initially, it is aimed to determine the fac-
tors influencing consumers’ laptop purchases. Secondly, 
it is intended to find out whether there are differences 
among male and female consumers. 
. 
 
The paper is arranged as following: Section-2 of this 
study contains a brief review of recent literature about 
consumers’ purchase decisions. Section-3 contains the 
methodology of this research including the target popula-
tion, sample size determination, questionnaire design and 
survey method for primary data collection. Section-4 in-
cludes results of univariate, bivariate and multivariate 
data analysis. In multivariate data analysis, we have iden-
tified the factors influencing laptop purchase behavior of 
the university teachers. A summary of the research with 
recommendation has been presented in section-5 which is 
followed by a list of references.  

2 LITERATURE REVIEW 

Consumers can prefer certain products, brands or com-
panies over others. However, consumer purchase deci-
sions vary deeply depending on the product to be pur-
chased. Consumers’ demographic profile, purchase per-
ceptions, and their attitudes towards products or brands 
influence their purchase decisions. Jarvenpaa and Tedd 
(1996/1997) identified many factors that affect a consum-
er’s electronic purchase decision which include product 
understanding, shopping experience, customer service, 
and consumer risk. Geisler and Hoang (1992) identified 
five steps in the decision process to purchase. The authors 

L
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concluded that services companies follow a relatively 
logical and analyzable decision process.  
According to decision making model, consumers process 
the environmental cues; the physical factors of the prod-
uct, psychosocial cues, such as advertising, and consum-
ers put these cues into a set of perceptions that shape 
their preferences (Hong and Lerch, 2002). Based on these 
preferences, consumers make their choices subject to situ-
ational constraints, such as price (Hong and Lerch, 2002). 
According to Hong and Lerch (2002), people evaluate 
various objective features when buying an IT product, 
and  because of imperfect information and simplifications 
according to the decision rules people often abstract these 
various features into few perceptual dimensions such as 
‘usefulness’ and ‘price’. Kim et al. (2002), in another re-
search, identified performance and price as two of the 
most important attributes in PC purchase decisions. Nasir 
V. et al. (2006) identified seven factors that influence con-
sumers’ laptop purchase decisions which are core tech-
nical features, post purchase services, price, peripheral 
specifications, physical appearance, value added features, 
and connectivity and mobility. 
 
There are many Features to be considered while purchas-
ing a laptop. Analyzing the purchase decision of the con-
sumers is very important for Computer Manufacturing 
Companies to focus on Successive Sales and develop-
ment. When deciding upon which laptop is best for 
someone, it needs to determine the type of work one will 
most frequently use the computer to perform. If it is to 
use to check email, browse the internet or listen to music, 
it doesn’t need anything too powerful. However, if any-
one plans to travel with computer, store many files or 
documents and access information then a device with a 
long battery life, adequate hard-disk space, a memory-
card reader, and Wi-Fi and Bluetooth connections is 
needed. 

3 RESEARCH METHODOLOGY 

The target population of the study is the university teach-
ers in different private universities in Dhaka city, Bangla-
desh. The primary data have been collected by using two 
stage cluster sampling design. From a pilot survey, it has 
been found that around 15% teachers (p = 0.15) use lap-
top, considering 5% alpha level (z0.025 = 1.96) and 6% 
acceptable error margin (d = 0.06), the desired sample size 
has been estimated by Cochran’s formula (n = z2 p(1-
p)/d2) as 136. At the first stage eight universities were 
randomly selected. The selected universities are Asian 
University of Bangladesh, Stamford University Bangla-
desh, Northern University Bangladesh, Prime University, 
ASA University, Uttara University, Prime Asia University 
and Ahsanullah University of Science and Technology. In 
second stage, required numbers of teachers were selected 
randomly following proportional allocation scheme. 
From 136 questionnaires few were found incomplete 
which were discarded. Finally 127 questionnaires were 
found appropriate for analysis. 
In the first part of the questionnaire, the teachers were 

asked whether they had a laptop or not, and those who 
had a laptop were allowed to continue to rest of the sur-
vey. The brand name of their laptop was also asked. 
 

One of the objectives of this study was to investigate the 
factors that influence teachers’ laptop purchase decisions. 
For that purpose, a list of laptop features was stated in the 
questionnaires, which were gathered from the analysis of 
PC journals as well as personal interviews with the ex-
perts from the sector. The teachers were asked which fac-
tors they found important when they were purchasing a 
laptop. In this question, we used a 5-point Likert-scale 
that is comprised of 20 items in order to measure the fac-
tors influencing teachers’ laptop purchase decisions. Few 
demographic questions such as age, gender, service 
length, marital status were also asked. 

4 DATA ANALYSIS AND RESULTS  

4.1 Demographic profile of the Respondents 

Of the 127 respondents, approximately 42% were female 
whereas 58% were male; additionally, almost 54% of all 
respondents were under the age of 30. The average age 
structure of the participants of this survey is about 29 
years and the average service age is 3.75 years. 45% of the 
respondents are Lecturer, 24% are Sr. Lecturer and 31% 
are Assistant Professor and Associate Professor. 35% of 
the teachers are single and rests are married. 
 

Table 1: Demographic Classification of Respondent 

Variable Category Frequency % 

Gender Male 74 58.3 

Female 53 41.7 

Designation Lecturer 58 45.7 

Sr. Lecturer 30 23.6 

Assistant Professor 39 30.7 

Marital Status Single 44 34.6 

Married 83 65.4 

Age Below 30 68 53.5 

30 or Above 59 46.5 

Service Year 3 Years or less 44 34.6 

More Than 3 years 83 65.4 

Salary Less Than 30000 74 58.3 

30000 or above 53 41.7 

 

4.2 Brand Usage Profile of the Respondents 

The participants were asked to mention the laptop brand 
that they were using at the time of the survey.  Table 2 
illustrated the frequency distribution of laptop brands by 
the respondents of the survey. Majority of the teachers 
use HP laptop; the 2nd most used laptop is Compaq which 
is about 21% the next popular brand is Dell and Gateway. 
 
The respondents of this study were asked about the facts 
for what they had decided to purchase the laptop and 
also whether they are satisfied or not on their laptop per-
formance. Of the teacher 70% bought laptop because it 
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was essential for them while few (20%) purchased be-
cause it attracted them and 8% bought it as they thought 
that it will enhance their social status in the University 
and rest of the teachers purchased because of other rea-
sons. About 60% of the teachers are satisfied with their 
laptop performance (Table 3). 
 

Table 2. Frequency Distribution of Laptop Brands 

    Brand Frequency Percentage 

Dell 13 10.2 

Acer 16 12.6 

HP 38 29.9 

Sony Vaio 2 1.6 

Fujitsu 2 1.6 

Toshiba 1 .8 

Samsung 6 4.7 

Compaq 26 20.5 

Gateway 13 10.2 

IBM 10 7.9 

Total 127 100 

 

Table 3: Classification of respondent according to laptop use 

Variable Category Frequency % 

Laptop Use 

Years 

3 years or less 86 68 

More than 3 years 41 32 

Satisfaction 

using laptop 

No 51 40 

Yes 76 60 

Causes of 

laptop pur-

chasing 

Academic Need 89 70 

Friends 2 2 

Social Status 10 8 

Attraction to laptop 26 20 

 
We tried to find out whether there is any relation between 
satisfaction of laptop performance and few key issues. We 
found that male and female teachers are equally satisfied 
with laptop performance and also service year has no 
significant influence. Brand of the laptop has a great im-
pact on satisfaction on laptop performance. Year of using 
laptop, age of the respondent and professional status are 
highly associated with satisfaction (Table 4). 
 

Table 4: Satisfaction of laptop behavior and various key issues  
 Variables Chi-

Square 
P- 

Value 
Significance 

Satisfaction vs. gender .004 0.559 Insignificant 

Satisfaction vs brand of laptop 76.328 0.000 Significant 

Satisfaction vs.year of using laptop 46.163 0.000 Significant 

Satisfaction vs age group 28.366 0.000 Significant 

Satisfaction vs service year .861 0.246 Insignificant 

Satisfaction vs profession status 23.415 0.000 Significant 

 

4.3 The Consumers’ Laptop Purchase behavior 

Buying a laptop can be expensive, and therefore, a signifi-
cant amount of time is put into which one is bought. Buy-
ing a laptop can be a headache at times, but not if there 
are a set of principles set in motion to make the decision 

on which laptop should be purchased. 
One important factor to consider when buying a laptop is 
the price.  If everything else is perfect about the computer, 
but there is not enough money to buy it, then there is no 
need to continue looking at that model. Laptop's style 
some times seems very important. For example, if a per-
son likes a thin laptop, then this should be a factor to con-
sider.  If a person is going to be carrying it around in pub-
lic all of the time, then they are going to want something 
more durable. The size of the screen as well is an im-
portant factor when buying a laptop.  Some people like 
the small screens, while others like the wide-screen. The 
web-cam and microphone features are important to some 
people when deciding on a laptop.  If people are going to 
use video chat, then they would want to have a web-cam 
and microphone built-in to the laptop. Surely brand of 
laptop is an important factor for buying the computer.  
Sometimes, stores will offer free accessories with the buy 
of a laptop.  This is always a good incentive if something 
else will be received free and is a good reason to buy that 
laptop. 
 
Consumers (teachers), who participated to this survey, 
were given a list of features related with laptops and then 
they were asked to show how important these features 
for them while purchasing a laptop. Respondents who 
found a feature “very important” gave “5” to that item 
while others who found it “Not at all important” gave 
“1”. Hence, as it is seen in Table 3, battery backup time, 
brand, satisfaction, product warranty and price are the 
top five features which had the following highest mean 
values respectively: 4.56, 4.54, 4.54, 4.38 and 4.34. It was 
also noteworthy to mention that all the features listed in 
the survey were considered important by the respondents 
since the lowest mean value is 2.64 for the social status. 

 

Table 5: Importance of Laptop Features in Consumers’ Purchase 

Decisions 

ITEMS N MEAN STD. DEVIATION 

Battery backup time 127 4.56 0.498 

Brand 127 4.54 0.664 

Satisfaction 127 4.54 0.710 

Product warranty 127 4.38 0.642 

Price 127 4.34 0.607 

Power supply 127 4.16 0.648 

Hard disk size 127 4.11 0.769 

Ram size 127 4.11 0.748 

Processor speed 127 4.06 0.885 

Processor type 127 4.03 0.786 

After sales service 127 3.97 0.863 

Weight  127 3.86 1.193 

Reliable distributor 127 3.83 0.977 

Water resistance 127 3.61 0.977 

Outlook 127 3.60 0.670 

Monitor size 127 3.56 0.650 

Promotional activities 127 3.47 1.147 

Webcam  127 3.38 0.796 

Color  127 3.02 1.065 

Social status 127 2.66 0.919 
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4.4 Factors Influencing Consumers’ Laptop 
Purchase Decisions 

To identify the factors influencing laptop purchase deci-
sion of the university teachers, we used factor analysis 
technique. The most important aspect of the factor analy-
sis is the extraction of crucial factors. It is a statistical 
technique that attempt to represent relationships among 
sets of interrelated variables by a smaller set of variable 
which are relatively independent and interpretable, but 
not directly observable. One of the goals of factor analysis 
is to represent relationships among sets of variables par-
simoniously. 

Teachers were asked to rate the importance on a 5 point 
scale while purchasing a laptop for the variables: brand, 
price, hard-disk size, RAM size, processor type, processor 
speed, color, social status, promotional activities, battery 
back-up time, monitor size, power supply, product war-
ranty, outlook, reliable distributor, after sales service,  
weight, water resistance, webcam and overall satisfaction. 
We have considered these variables for factor analysis. 

Testing appropriateness of factor model  

However, prior to factor analysis, the reliability analysis 
for the variables is conducted. Later, in order to find out 
whether our data fit factor analysis or not, we have also 
utilized KMO and Bartlett’s test. Bartlett's test of spherici-
ty indicates whether the correlation matrix is an identity 
matrix, which would indicate that the variables are unre-
lated. Table 6 presents the significance level of this test. 
Very small values (less than 0.05) indicate that there are 
probably significant relationships among the variables. A 
value higher than about .10 or so may indicate that the 
data are not suitable for factor analysis. Since the signifi-
cance level of our data is 0.00, it can be concluded that the 
data of this study is suitable for factor analysis.  

 

Table 6: KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Ad-
equacy. 

.366 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 3062.68 

  df 190 

  Sig. .000 
 

Identification of the factor model 

We have used Scree plot to determine the appropriate 
number of factors, an elbow has been observed in the 
Scree Plot (Figure-1). The number of components is taken 
to be the point at which the remaining Eigen values are 
relatively small. It is observed that an elbow occurs at 
component number “5”, in this case, it appears that 5 
sample principal components effectively summarize the 
total sample variance. Here a model with five factors ap-
pears to be reasonable. We have used principal compo-
nent solution for identification of the factors.  

 

Figure 1: Scree plot for determination of number of factors 

Rotation of factors 

The factor matrix contains the coefficients used to express 
the standardized variables in terms of factors. These coef-
ficients, factor loadings, represent the correlation between 
the factors and variables. A coefficient with a large abso-
lute value indicates that the factor and variables are close-
ly related. The coefficients of the factor matrix can be used 
to interpret the factors. In this type of complex matrix, it 
is difficult to interpret the factors. Therefore, through ro-
tation, the factor matrix is transformed into a simpler one 
that is easier to interpret. The most commonly used 
method for rotation is the Varimax procedure. Here we 
have used Varimax with Kaiser Normalization as rotation 
method. We have used the following rotated matrix to 
identify variables involved in each factor. 

Table 7: Rotated Factor Matrix 

 Component 

 F1 F2 F3 F4 F5 

satisfaction .870     

Brand .862     

After sales service .794     

Reliable distributor .755     

Promotional activities .610     

Processor type  .810    

Ram size  .802    

Hard disk size  .775    

Processor speed  .763    

Battery backup time   .762   

Product warranty   .745   

Water resistance   .535   

Price    .815  

Outlook    .712  

Social status    .680  

Webcam     .845 

Monitor size     .795 

Weight     .673 

Extraction Method: Principal Component Analysis.  
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Principal components method is used while conducting 
the factor analysis. As it can be seen in Table 7 & Table 8, 
20 variables were grouped under five factors. The results 
of the factor analysis show that 69% of the total variance 
is explained by classifying these 20 variables into 5 com-
ponents. Varimax rotation has been used to see which 
variables load together. The first factor is composed of 
satisfaction, brand, after sales service, reliable distributor 
and promotional activities and it corresponds to an ei-
genvalue of 2.879 and this factor has the power to explain 
19% of the variance; this factor is named as “Branding”. 
Processor type, ram size, hard disk size and processor 
speed were the variables that constituted the second fac-
tor with an eigenvalue of 2.79 and 16% of explained vari-
ance. Hence, the second factor is called as “Technical Fea-
tures”. Battery back-up time, product warranty and water 
resistance facility were grouped under the third factor, 
which is named as “Special Features”, and this factor has 
an eigenvalue of 2.35 and 13% of explained variance. The 
fourth factor is made up of price, outlook and social sta-
tus, hence this factor is named as “values”, and it has an 
eigenvalue of 2.20 and 11% of explained variance. Finally, 
the fifth factor, namely “Mobility” is the factor with an 
eigenvalue of 1.976 and 10% of explained variance, and 
this factor is composed of the following variables: 
webcam, weight and monitor size. 

 

Table 8: Factors Influencing Consumers’ Laptop Purchases 

Factors Eigen value 
Factor Loading 

% of  
Variance 

Cumula-
tive  
% 

F1: Branding 2.879 19.125 19.12 

F2: Technical Fea-
tures  

2.790 15.813 34.94 

F3: Special features 2.358 13.192 48.13 

F4: Values 2.207 10.887 59.02 

F5: Mobility 1.976 10.103 69.12 

 
Differences between Male and Female Regarding the 
Factors Influencing Laptop Purchases 

After determining the factors influencing laptop purchase 
decisions of consumers, we try to find out whether there 
are differences between male and female regarding these 
factors. Therefore, one-way ANOVA analysis is conduct-
ed, and it is found that “Branding” and “Mobility” fac-
tors show a significant difference between two groups 
with an F value of 4.882 and 5.346 and a significance val-
ue of 0.041 and .022 respectively. Table 9 illustrates that 
these two groups of consumers did not show significant 
differences from each other, except the “branding” and 
“mobility”, with respect to the factors that are influenc-
ing their laptop purchase decisions at the significance 
level of 0.05. 

 

 

 

 

 

 

Table 9: Differences between Male and Female Regarding to Pur-

chase Decision Factors 

ANOVA 

  Sum of 
Squares df F Sig. 

Branding Between Groups 3.796 1 4.882 .041 

Within Groups 122.204 125   

Total 126.000 126   

Technical 
Features 

Between Groups 1.477 1 1.483 .226 

Within Groups 124.523 125   

Total 126.000 126   

Special 
features 

Between Groups 1.482 1 1.488 .225 

Within Groups 124.518 125   

Total 126.000 126   

Values 
 

Between Groups .709 1 .708 .402 

Within Groups 125.291 125   

Total 126.000 126   

Mobility Between Groups 5.168 1 5.346 .022 

Within Groups 120.832 125   

Total 126.000 126   

 

5 CONCLUSIONS 

The demand for technology-enhanced learning environ-
ments undoubtedly will grow substantially over the next 
decade as society, the academic community, and students 
continue to expect the educational process to employ 
technology comparable to that found in the real world. 
This study has provided an empirical glimpse into the 
minds of teachers as to what they perceive as critical fac-
tors in a laptop purchase. The findings revealed that all 
the independent variables have influences on laptop pur-
chase and this study found five factors which influence 
consumers’ laptop purchase decisions. These factors can 
be stated as follows: Branding, Technical Features, Spe-
cial Features, values and Mobility. On the other hand, 
male and female consumers demonstrate a significant 
difference in two factors: branding and mobility.  
 

From the managerial perspective, the findings of this 
study imply that when a consumer decides to buy a new 
laptop, the company should consider the type of custom-
ers, their purpose and the characteristics. However, since 
all consumer groups (male and female) find Branding 
and mobility extremely important, these features should 
be emphasized in advertisements. 
 

This research finding can also benefit laptop providers 
who would want to reach out the university teachers as 
their targeted market. This study recommends companies 
to invest in technology through R&D and create differen-
tiation at utmost level. This research has been limited to 
laptop sector and the factors influencing consumers’ pur-
chase decisions in this market, since sectoral differences 
play a vital role, it is also recommended to replicate this 
study in distinct sectors. 
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ICT-Supported Interactive Learning in 
Engineering Education: Bangladesh Context 

Md Kabirul Islam 

Abstract— Proliferation of ICT in teaching and learning in higher education is still very slow in Bangladesh, but this modern 

technology has been an integral part of education in western universities. This study has examined the under-graduate and 

post-graduate students’ responses to a Learning Management System (LMS) Moodle introduced first time ever by a private 

university in Bangladesh.  The students were asked, in face-to-face classes, to participate in online interaction on weekly tasks 

given by the teacher. Students’ learning activities in LMS were monitored and required facilitations were provided. At the end of 

the course, a questionnaire was administered to understand students’ views of the LMS. The result revealed that the level of 

student participation in LMS was low, but Interaction occurred among a few post-graduate students in the discussion folder. The 

quality of their messages was appreciable in terms of knowledge acquisition. 

Keywords— Collaborative Learning, Learning Management System (LMS), Blended Learning.  

 

1 INTRODUCTION

ollaborative leaning is an umbrella term for a variety 
of educational approaches involving joint intellectual 
effort by students and teachers for a common pur-

pose [13]. In western universities, in face-to-face setup, 
usually students are working in groups mutually search-
ing for understanding, or solutions. Previous studies have 
found that this kind of student discourse occurs in an 
ICT-supported learning environment [4], [3], [21], [19], 
[11], [15]. As a university teacher this author has per-
ceived that university students in Bangladesh are quite 
unfamiliar with collaborative learning and its benefits.  

In the face-to-face teaching and learning setup in Bang-
ladesh, the lecturing method is considered by the teachers 
as the main method regardless of the subject and grade 
level. In this face-to-face situation, the teacher is responsi-
ble for delivering the lecture materials according to cer-
tain plans. The students are expected to listen to lectures 
and to remember them when asked to submit an answer 
to a question to ensure that the students understand the 
topic. A kind of ‘teacher-student’ interaction is present 
although the scope is very limited. In the class normally 
students are not given any activity or task to discuss 
among themselves, nor are they getting an opportunity to 
present their ideas. In fact, the aspect of sharing ideas and 
acquiring knowledge through interaction among students 
is almost absent [24]. The educational activities are basi-
cally teacher-centred. The concept of ‘interaction between 
students’ and its effect on students’ understanding have 
been ignored in the current situation. As a result, listen-
ing, reading, and remembering the ideas acquired have 
become a practice of learning and passing the examina-
tion. 

 __________________________________ 
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In the recent years, the number of internet users has 
increased greatly in Bangladesh, and most of the universi-
ties have good internet facilities [12]. Nowadays majority 
of the university students are skilled with the computer 
and the internet regardless of their course of study. Now 
the question arises: how the students with no or little fa-
miliarity with their discourse do respond in an ICT-
supported collaborative learning environment?  

This study will examine in what ways the students 
studying at a university in Bangladesh behave in a tech-
nology-supported learning environment. The courses 
offered were based on a blended approach.  

2 LITERATURE REVIEW 

The strands of literature in this section are collaborative 
learning, theoretical basis of online collaborative learning, 
and blended learning and use of online facilities based on 
previous research.  
 

2.1 Collaborative Learning 

Collaborative learning may be defined as students in the 
same grade (level) working together on a topic for a 
common purpose. In face-to-face teaching-learning situa-
tion, social interaction among students enrolled in the 
same course of study is viewed as fundamental to achiev-
ing learning [5], [22] which is consistent with Vygotsky 
[24] who establishes that students construct knowledge 
through social interaction with their peers. Vygotsky’s 
[24] theory emphasises that the range of potential each 
learner has for learning when the learning is designed by 
the social environment in which it accomplishes is greater 
than the actual ability of the individual learner when the 
learning is facilitated solely by someone with greater ex-
pertise [25]. Furthermore classroom learning is promoted 
greatly when students are involved in group interaction 
within members of their communities [13]. Zurita and 
Nussbaum [28] summarised five factors for effective col-
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laborative learning from previous work. These are (i) in-
dividual student responsibility to learn with the group 
and contribute where possible, (ii) helping to teach other 
members of the group through frequent exercise of social 
skills during group interactions, (iii) team members 
should reach their individual goals which is an indication 
for their success, (iv) decision making must employ 
members’ ability to exchange opinions and build consen-
sus, and (v) Discussion, social interaction, and consensus 
building can be achieved in small groups.  

2.2 Theoretical Basis of Online Collaborative 
Learning 

Different web-based Learning Management System 
(LMS) may be used for creating online collaborative 
learning environment. It can be designed on the under-
standing that web-based computer-supported systems 
can support and facilitate group processes and group dy-
namics in ways that are achievable by face-to-face [32], 
but online interaction differs in quite important ways 
from face-to-face discourse [31]. Many theories especially 
Social Constructivist theory supports above understand-
ing of online collaborative learning [30]. From theoretical 
point of view, online collaborative learning aims at 
providing both an authentic environment and multi-
perspectives that can tie in students' prior knowledge [9]. 
The web-based systems are cognitive tools that can team 
individuals of a peer group with the technology to form a 
joint intelligence which shares the labour during the 
group interaction in the form of textual message posting 
[14]. An explicit goal of this environment is to facilitate 
deep understanding. This kind of computer-mediated 
communication offers teachers the opportunity to create 
an environment of learning that enables students to dis-
cuss the task and acquire skills through reflection on the 
task and evaluation of students’ messages [9]. It allows 
teachers help students to construct their knowledge using 
their experience and provide guidance in their meaning 
making process. The technology or the teacher can sup-
port and stimulate students’ activities that engage them in 
thinking, understanding the instructions and presenting 
ideas intellectually about the topic or the task [15].  

2.3 Blended Learning and Use of Online Facilities 
in Learning  

Across the world there has been an increase in the use of 
information and communication technology in higher 
education, especially in western universities, although the 
technologies themselves may vary, from video-
conferencing to LMS, CD ROMs and Smart Phones. For 
example, in the UK by 2005 over 95% of institutions of 
higher education supported a Virtual Learning Environ-
ment (VLE) and the term ‘blended learning’ is now com-
monly used to refer to the mix of face-to-face and e-
learning that constitutes the higher education experience 
of students [4]. Several studies conducted by previous 
researchers in higher education illustrate the impact of 
blended learning, learners’ perceptions, and teacher’s 
role. Some of the studies are reviewed in this section. The 
online environment was created with different learning 

management systems.  
Livingstone and Condie [16] investigated the impact of 

ICT on learning and teaching in a higher education course 
that integrated traditional classroom teaching with online 
component for student learning. The results showed that 
the student used online facilities (resources, interaction 
facility, assessment task etc.) considerably more than ex-
pectations of their teachers, and the students preferred a 
blend of learning experiences using materials and more 
conventional printed text-booklets. The use of online fa-
cilities improved students’ skills in accessing the internet 
and other computing abilities. A similar study was con-
ducted by Rye [20] where students felt that ICT would be 
important for their study as they can have ready re-
sources from their teachers and information from their 
classmates, although only a few of them used the online 
learning system regularly. Woo, Gosper, McNeill, Greg, 
Green, and Phillips [26] found WBLT (Web-based Learn-
ing Technologies) has positive impact on student learning 
as they can communicate with each other for sharing ex-
perience and views. Students felt the web-based learning 
activities are new experiences for them, especially in re-
sponding to others’ messages [19]. However, academic 
guidance is needed on what and how to use the technolo-
gy effectively for independent and self-directed learning, 
even at that institution also where ICT skills level of stu-
dents are high [4]. Moreover, in order to maintain high 
quality learning appropriate assessment plans and ade-
quate facilitation must be particularly reinforced [19].  

Content analysis of online discussions revealed differ-
ent patterns of students’ interaction for knowledge con-
structions [10], [27]. The researchers observed that stu-
dents performed online interactions by posting textual 
messages that contributed to the knowledge construction 
at different levels from simply sharing facts, opinions and 
experiences to elaborating one’s own or others’ ideas, to 
applying and transferring knowledge in practices. How-
ever teachers in online classes may promote students’ 
motivation by giving relevant and accessible discussion 
tasks [10].  

The students who have poor attendance in face-to-face 
classes may benefit from engaging in a Virtual Learning 
Environment for their learning and that may improve 
their assessment performance [17]. But students’ absences 
from face-to-face class could suffer from a poorer learning 
experience if they choose not to attend the face-to-face 
lecturers [26] in a blended learning approach.  

Previous researchers suggested that the facilitation 
tasks include providing feedback to learners, promote 
interaction and specific comments on the discussed issues 
with summarization at the end of class discussions [6],  
[18] and intervening and promoting students’ participa-
tion in the discussion in various ways when it becomes 
quiet [1], [18]. Encouraging students to provide timely 
responses and feedback to class members helps boost the 
students’ sense of participation and learning in online 
learning communities [7] and to develop a sense of be-
coming more responsible, self-directed learners, and to 
learn in a more collaborative, authentic and responsible 
way [19]. Some online facilitators reinforced students’ 
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interaction and engagement by laying out clear assess-
ment specifications and setting aside a high percentage of 
the grade to the class-level online discussion activity [18], 
[23].  

The literature review indicates that blending learning 
approach with an online component provides enormous 
prospect for student collaboration both on-campus and 
off-campus and teacher’s support to promote learning.  

3 THE STUDY 

This study was conducted at Daffodil International 
University (DIU) in Dhaka City in Bangladesh. DIU has 
created a web-based teaching and learning environment 
using open source LMS ‘Moodle’ as part of the universi-
ty’s E-education Programme to provide students with an 
extra support for communication with their teachers and 
fellow students in addition to scheduled face-to-face clas-
ses. 

   In spring 2011 (semester) LMS Moodle was used for 
four under-graduate and one post-graduate groups of 
students enrolled in different courses. The number of 
students in each section is presented in Table 1. 

 
Table 1: Number of students enrolled in different 

courses 

Course Section Level Number 

Physics II, 

CSE 

A Under-graduate 

(semester 2) 

31 

Physics II, 

CSE 

B Under-graduate 

(semester 2) 

30 

Physics I, 

TE 

A Under-graduate 

(semester 1) 

40 

Physics I, 

SWE 

A Under-graduate 

(semester 1) 

40 

eCommerce, 

CSE  

A Post-graduate 13 

Note: CSE-Compute Science and Engineering, TE-Textile 
 Engineering, SWE-Software Engineering 
 

Most of the under-graduate students had different lev-
els of computer literacy as they used e-mail and facebook. 
But all post-graduate students of CSE were well conver-
sant with ICT. Majority of the students selected for this 
study had required information literacy and ability to use 
a learning management system for their learning. The 
students comprised both male and female. Out of 13 post-
graduate students eleven had a job. The students were 
given an orientation on different features of Moodle, reg-
istration process, and teaching and learning process using 
Moodle in the face-to-face classes. The above courses (Ta-
ble 1) were created for each section (group) in the Moo-
dle. Moodle consists of several features such as course 
information, news, calendar, and Forum for posting lec-
ture materials including the discussion task. During the 
semester, each group of students was given weekly dis-
cussion tasks for several weeks related to their face-to-

face lecture topic and asked to response to the tasks indi-
vidually and then participate in interaction with their 
fellow students. No students had previous familiarity 
with learning management system or e-Learning. 

 
The study sought to answer the following research 

questions: 
1. Do students use Moodle to respond to the teacher’s 

task? 
2. Do students participate in online interaction on the 

task set? 
Students’ participation in weekly discussion folder 

was ob-served, and the textual messages of each group 
were count-ed. Students’ experiences of using Moodle 
were collected in several face-to-face meeting throughout 
the semester. At the end of the course, a questionnaire 
was administered to collect students’ experience of using 
Moodle for their learning. Both quantitative and qualita-
tive data analysis techniques were utilised.. 

4 RESULTS 

4.1 Frequency of Online Message Posting 

Two groups of first semester students (TE and SWE) and 
two groups of second semester students (CSE- A, and 
CSE- B) were given discussion tasks for two and three 
weeks respectively. The number of messages posted by 
these students in response to the tasks is given in Table 2. 

The number of students posted messages in re-
sponse to the teacher’s task varied in different groups. 
Quantitative analysis of message posting showed that 
messages posted by individual students varied from one 
to four. Although the number of messages posted by the 
student was low, it is satisfactory from teacher’s point of 
view as the system is absolutely new to the students. 
Some students reported that they could not access to the 
Moodle or failed to do registration. It was found that 
some students posted messages using another student’s 
ID. This may indicate that they were motivated to use the 
system but could not respond to the task in a timely 
manner. At least 10% of the total under-graduate students 
participated in this study had lack of sufficient internet or 
computer literacy which indicates that unskilled position 
might prevent them for going online. At least 10% stu-
dents had internet access at home and most of them re-
sponded to the task from home. 

The course teacher monitored student message 
posting and made comments on students’ ideas. The 
teacher responded to individual student who posted a 
message to make their understanding clear about the top-
ic and encourage them for further message posting. The 
teacher posted a total of 43 messages in different weeks 
for four groups of under-graduate students. In face-to-
face meeting, students reported that they had limited In-
ternet facilities in the department for posting messages in 
Moodle. 

Post-graduate students posted a total of 84 messages in 
four different weeks in the discussion folder. The average 
number of messages posted by these students is about 6.4. 
It was found that each student posted at least one mes-
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sage in every week’s discussion. The teacher posted 20 
messages for facilitating this group. 
 
Table 2: Number of messages posted by students in 

moodle 

Week Under-grad 

First semester 

Under-grad Sec-

ond semester 

Post-

Gradu-

ate 

SWE 

(A) 

*N= 

40 

TE 

(A) 

*N=

40 

CSE 

(A) 

*N= 

31 

CSE 

(B)  

*N= 

30 

CSE 

*N= 13 

Week 1 19 34 20 21 15 

Week 2 15 33 17 17 21 

Week 3 - - 20 27 33 

Week 4 - - - - 15 

Total 34 67 57 65 84 

% of stu-

dents par-

ticipated 

50 72.5 67.7 60 100 

Teacher’s 

messages 

8 9 11 15 20 

*N is the number of students enrolled in the section 
 

4.2 Student Online Interaction 

In under-graduate courses, very few interactions took 
place between students and that was not content related. 
They responded to their fellow students to support one’s 
posting or encourage fellow students by giving thanks. 
This kind of response is quite good rather than remaining 
silent. This group of student is termed ‘silent students’ in 
this study. The data from questionnaire and face-to-face 
interaction with students show that the students who re-
sponded to the given tasks have acknowledged that the 
textual messages enhanced their understanding of the 
topic after reading others’ postings and teacher’s feed-
back and comments [10].  

In Electronic Commerce class, post-graduate students 
were involved in asynchronous interaction with their fel-
low students, but few students participated in different 
weeks. However message posting on the task set contin-
ued for the whole week. It was found that the level of 
interaction be-tween students and its quality was encour-
aging. An example of student interaction is given below: 

The pattern of student interaction presented in Figure 
1 shows that Student 2 made positive comments on a 
posting of Student 1 who responded to the task and asked 
for further clarification, which means that Student 2 
sought help from Student 1. Student 1 explained the term 
requested by Student 2 in the next stage. The course 
teacher encouraged Student 1 and posed questions to 
him, and consequently Student 1 appeared again to an-
swer teacher’s questions confidently.  

In the above interaction, asking questions, sharing ide-
as and helping fellow students occurred during class dis-
cussions in Electronic Commerce course. The teacher’s 
facilitation may have promoted their message posting 
and further under-standing of the topic. It appears that 
three types of interaction happened in the Forum (weekly 

discussion folder) such as student-content, student-
student and student- course teacher [2].  

5 DISCUSSION 

It is mentioned earlier that in the universities of Bang-
ladesh the students are not very much familiar with peer 
group interaction or collaborative learning. The students 
have very limited scope for sharing ideas and experiences 
in the class. The main intention of this study was to exam-
ine how the students with little familiarity with interac-
tion behave in an online environment where communica-
tion happens only by posting textual messages.  

   This study sought to answer two research questions. 
The first research question is: Do students use Moodle to 
respond to the teacher’s task? The results show that the 
under-graduate students were motivated for using the 
online sys-tem (Moodle) for their learning where they 
contributed different levels of messages although the fa-
cilities available for posting messages were very limited. 
The number of messages posted by the students was low 
[20] and not all students posted messages in a particular 
week [29]. In Bangladesh context, it is not surprising as 
the students had limited facilities to access Moodle in the 
campus, and they had English language barrier as well. 
The under-graduate group comprised both first and se-
cond semester students. Although this group had very 
little familiarity with the computer and the internet but 
more than 50% student contributed messages to the 
weekly discussion folder which indicates that they were 
motivated for using online facilities [16]. The post-
graduate students possessed adequate skills [4] for using 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Pattern of student interaction in e-Commerce class.  

Student 1 (Responded to the weekly task)  
………………After that I have compared most of the 

criteria which are given bellow.  

1. Generation of traffic,…………………. 

Student 2 (Responded to Student 1) 

 Nice work. I'm not clear about the meaning of "Gen-

eration of traffic” 

Student 1 (Replied to Student 2) 

Thanks for your question and sorry for the late reply. 

Generation of traffic means getting more visitors to 

your website or blog. Or it is about getting more sub-

scribers, i.e., Building your list of users or visitors on 

your website or blog. …………………….Thanks, 

Course Teacher to Student 1 

Thanks for your answer to (Student 1). I have another 

question to you. How do you assess 'Generation of 

Traffic' as an observer or user? Is there any indication 

to understand this? 

Student 1 to Course Teacher 
Thanks for your question. Web traffic is the amount of 

data sent and received by visitors in a website. It is a 

large portion of Internet traffic. This is determined by 

the number of visitors and the number of pages they 

visited. ………………….......................... 

(The interaction continued further) 
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the learning management system and their contribution 
to the discussion folder was much higher than the under-
graduate group. The course teacher had the opportunity 
to encourage students in both face-to-face and online clas-
ses [4]. This is an advantage of this blended approach of 
the course. 

   The second research question is: Do students partici-
pate in online interaction on the task set? The findings of 
the study reveal that the interaction between under-
graduate students in the weekly discussion folder was 
sporadic, and there was no content related interaction 
between students. Presumably the students’ had inade-
quate knowledge of the content of the task, lack of facili-
ties and lack of confidence, and difficulty in understand-
ing English language [8]. Among 13 post-graduate stu-
dents in Electronic Commerce Course, few took part in 
interaction for sharing experiences and supporting fellow 
students [27]. This indicates that students can be directed 
towards collaborative learning if opportunity is given, 
and there is a strong possibility that they might be able to 
take responsibility of their own learning with limited 
teacher’s support [19]. 

6 A MODEL OF ONLINE MESSAGE POSTING IN 

MOODLE 

The findings suggest that the teachers attempted to pro-
mote message posting and interaction through posting 
discussion tasks in the forum and providing feedback to 
students in discussion. These strategies appeared to be 
insufficient and his/her effort had a limited success since 
the number of messages posted was low and there was 
‘silent’ behavior from some students in responding to the 
task in each course. Hence three aspects are related to 
message posting such as the discussion task, teachers’ 
support, and students’ participation in discussion [10]. A 
single factor cannot explain message posting properly. 
The above three aspects the discussion task, teachers’ 

support, and students’ online interaction are interrelated 

which is illustrated in Figure 2. 

7 CONCLUSION 

The participants in this study had a range of experience of 
using the internet. On the basis of the findings, it may be 
assumed that the students do not have any technology 
phobia, and adaptation of a new teaching and learning 
environment would be possible for them if adequate sup-
port [19] is provided. This might have a positive impact 
on their learning [26].  
 In essence, transition from traditional method of deliver-
ing lectures to student-centred participatory method may 
be difficult for the university faculties in Bangladesh, but 
it is not entirely impossible. The findings of the study 
suggest that students may gain collaborative learning 
experience by using web-based learning environment and 
acquire skills in responding to fellow students if proper 
facilitation and guidance are available. 
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An Improved Approach for Localization of 
Text Regions from Complex Document 

Images 
Madeena Sultana, Sabrina Sharmin, Farhana Sabrina, Mohammad Shorif Uddin 

Abstract—Text regions extraction from document images containing both texts and graphics is an important step of any optical 

character recognition system. This paper describes an improvement over existing methods for localization of text regions from 

document images. The improvement is achieved by accommodating distinctive features like regularity in frequency, orientation, 

width, area, spatial cohesion etc. to identify text blocks in a document image containing both text and graphics. Proposed 

technique is tested on MARG dataset of multiple layouts and large varieties of color document images collected from web. 

Experimental result confirms the improvement of extraction accuracy by suppressing the false alarms notably.  

Keywords—Discrete wavelet transform (DWT), document image segmentation, Haar wavelet transform (HWT), Run length 

smoothing algorithm (RLSA), text localization. 

 

1 INTRODUCTION

EXT is usually the main source of information in 
documents and accurate text detection can greatly 
facilitate optical character recognition.  Automatic 

recognition, reading, and storing information are the de-
mands of modern technology. Therefore, text localization 
and extraction is a key area of research in document im-
age analysis.  

However, locating and extracting textual data is not an 
easy task. Since texts are often embedded in different font 
styles, sizes, orientations and colors against a complex back-
ground.  Moreover, low contrast between the text and the 
complicated background often makes text detection ex-
tremely challenging. To address these problems, a large 
number of new methods for text localization, extraction and 
optical character recognition have been proposed recently. 
Some of the well known approaches are: (i) morphology 
based segmentation [1], ii) pixels based classification [2], iii) 
connected component based classification [3]-[5], iv) edge 
based segmentation [6], v) texture based segmentation [7], 
vi) frequency based classification [8]-[10], vii) run length 
based segmentation [11],[12], and viii) sparse representation 
based segmentation [13]. The survey papers [14]-[16] enlist 
more techniques for layout analysis of document images. 

In text extraction process, the most important step is to 
find approximate locations of text lines in a gray-scale im-
age. In this paper we address the problem of locating the  

                                                                                                    
textual data in an image. Our proposed system employs 
both connected component and discrete wavelets to localize 
text from complex document layouts.  

The paper is organized as follows. Section 2 deals with 
the related work. Section 3 gives a step by step description of 
proposed method. Experimental results are illustrated in 
Section 4. Finally, conclusions and future works are summa-
rized in Section 5. 

2 PREVIOUS WORK 

Many researchers have been investigating various wave-
let based techniques to retrieve textual information pre-
sent in document and scene images. Li and Gray [8] used 
distribution characteristics of wavelet coefficients for 
document image segmentation. Liang and Chen [9] em-
ployed Haar wavelet transform to detect edges of candi-
date text regions. Kumar et al. [10] proposed globally 
matched wavelet filters and Markov random field (MRF) 
based processing for text extraction from document and 
scene text images. In 2004, Liang and Chen’s proposed a 
simple approach and it performs well for separating cap-
tions and titles from video and scene images. However, it 
is often unable to differentiate between text and non-text 
components in document images and hence produces 
large false alarms especially when the layout is complex. 
In this paper, we introduce an improvement of Liang and 
Chen’s segmentation algorithm to suppress false alarm 
and generalize it for separating text and non-text compo-
nents from document images as well. 

3 PROPOSED METHOD 

We propose an improved and efficient method to extract 
text regions from document images containing both text 
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and graphics. 
The whole text extraction process is divided into three 

distinct parts: 
a. Candidate region extraction  
b. Noise reduction 
c. Text localization 

Fig. 1 depicts the block diagram of our proposed 
method. We followed the method of Liang and Chen [9] 
for candidate region extraction. Then we added a noise 
reduction step to reduce false alarms and a connected 
component analysis step for localization of text regions. 
In our process, we have not considered the small text re-
gions like the page number and vertical text lines.  

 

3.1 Candidate Region Extraction 

According to the proposed method by Liang and Chen 
the candidate region extraction process has three major 
subsections.  

a. Edge detection 
b. Thresholding 
c. Region detection 

 However, first of all, if the input image is colour, it is 
converted to an intensity image I by combining the RGB 
components of the original image as follows: 

BGRI 114.0587.0299.0 ++=                                             (1)                                                                                                           

3.1.1 Edge Detection 

The discrete wavelet transform has many applications in 

signal analysis and image processing. One important ap-
plication among those is edge detection. We have used 
Haar wavelet transform (HWT) as it is simpler and oper-
ates fastest among all wavelets. Two-dimensional (2D) 
HWT decomposes an input image into four sub-bands, 
one average component (LL) and three detail components 
(LH, HL, HH). We can obtain the following edge features 
of the original image from three detail components pro-
duced by 2D Haar (DWT). 

a. HL sub-band detects vertical edges. 
b. LH sub-band detects horizontal edges and 
c. HH sub-band detects diagonal edges 

 
For example, in Fig. 2 the gray-level image is decom-

posed into 2-D Haar DWT. From the three detail compo-
nent sub-bands (LH, HL, and HH) in Fig. 2 the candidate 
text edges can be detected.  

3.1.2 Thresholding 

Thresholding is a simple technique for separating image 
objects from the background.  Since, the intensity of the 
text edges is higher than that of the non-text edges we can 
preliminarily remove the non-text edges by selecting an 
appropriate threshold value for each sub-band. In this 
subsection, dynamic thresholding [9] technique is applied 
to calculate the target threshold value T. The target 
threshold value is determined by performing the follow-
ing equations on each pixel of each sub-band: 

Figure 1: Block diagram of proposed model 
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Where e(i,j) denotes intermediate sub-image and is cal-
culated by the following equation: 
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In (4), g1 and g2 are two mask operators and ** de-
notes two dimensional linear convolution operation. 
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Using (2)-(4), the threshold value (T) is determined dy-
namically for different sub-bands and the binary image (b) is 
then obtained by comparing T with every pixel value of each 
detail components.  
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Figure 2: Haar discrete wavelet transform: a) Original 
image, b) Horizontal sub-band (LH), c) Vertical sub-
band (HL), d) Diagonal sub-band (HH) image. 
 

In Figs. 3(a), 3(b), and 3(c) show horizontal, vertical, and 
diagonal sub-band images after thresholding, respectively. 
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(d) 

Figure 3: Binary Images: a)Horizontal threshold im-
age, b)Vertical threshold image, c)Diagonal threshold 
image, d)after AND operation. 
 

3.1.3 Region Detection 

Different morphological operators are used to connect 
isolated candidate text edges in each binary image of the 
detail sub-band components. In this paper, we used 5×7 
pixels for horizontal operator, 5×5 pixels for diagonal 
operator and 7×5 pixels for vertical operator. The opera-
tors are determined through experimentation of a wide 
range of document images. Since vertical edges, horizon-
tal edges and diagonal edges are intermixed in text re-
gions we can detect candidate text regions by logical 
AND operation of the dilated binary images. Fig. 3(d) 
depicts the image after AND operation. 
 
3.2 Noise Reduction 

Noise reduction is accomplished by the following two 
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steps: 
 
a. Text region smoothing by morphological opera-

tion 
b. Noise refinement by Run-length Smoothing Algo-

rithm (RLSA) 
 
Before noise refinement the following morphological 

operations are performed for smoothing the candidate 
text regions. 

 
X1 = ((X0 • BSquare) º BSquare)                                                  (6)                                                                                   
X2 = ((X1 • BRectangle) º BRectangle)                            (7)                                                                                             
 

Where, X0 is the binary image containing candidate 
text regions along with false alarm, º and • denote mor-
phological opening and closing respectively. These op-
erations produce smooth text lines by removing narrow 
bridges between adjacent text regions and small spuri-
ous non-text regions, and fill in narrow holes in regions. 
The resulting image shows which blocks in the output 
image are informative.  

At this stage, several closely parallel edges may be false-
ly detected as text. Therefore, we incorporated horizontal 
and vertical projection profile analysis with (Run-length 
Smoothing Algorithm) RSLA to separate the true texts 
from the candidate ones. In this  RLSA approach, candidate 
text regions are refined based on empirical threshold val-
ues, Tx and Ty calculated for the horizontal and vertical 
projections, respectively. RLSA then eliminates horizontal 
and vertical white runs whose lengths are smaller than the 
corresponding threshold value.  

( )profileprojectionhorizontal ofMean 
4

1
×=xT   (8) 

( )profileprojectionVertical ofMean 
3

1
×=yT   (9) 

 

Fig. 4 illustrates the steps of our RLSA. 

 
3.3 Text Localization 

At this stage, the non-text components are then removed 
using various characteristic features of texts. Our text 
localization process has two major steps: 
 

a. Extraction of features by connected component 
analysis 

b. Localization of text regions based on features 
 

In document images a number of lines typically have 
approximately same height and width.  The small re-
gions with irregular shapes usually belong to the non-
text regions. Based on these heuristic rules we processed 
candidate text regions as text lines. We computed various 
features such as: average area, width, and height of each 
connected component and removed regions having too 
small width and area comparing to the average value. At 
the end, only those regions in the final image are retained, 
which have area close to a rectangle and width greater 
than half of the mean width of all candidate regions. This 

process prunes the non-text regions mostly and filters out 
promising candidates. The resultant image of localized 
texts is shown in Fig. 5. 

 

4 EXPERIMENTAL RESULTS AND DISCUSSIONS 

To evaluate the performance of proposed approach, we 
have selected 35 downloaded images of books, journals, 
and magazines from the Internet containing complex 
backgrounds, graphics, different font sizes, and overlap-
ping styles as the experimental data set. To demonstrate 

 (a)  (b) 

(c)  (d) 

(e) (f) 

Figure 4: RLSA: a) Row (horizontal) operation, b) Horizontal projec-
tion profile, c) Column (vertical) operation, d) Vertical projection pro-
file, e) AND operation, f) Again horizontal, vertical and AND  opera-
tion. 

(a) 
(b) 

Figure 5: Text Localization: a) Input Image, b) The localization of text 
using proposed method 
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the efficiency of our method we have also tested pro-
posed method in another database which contains 45 
document images from MARG [17] dataset. The latter 
dataset is created by randomly picking 5 images from 
each of nine classes of the page layouts of MARG. Our 
proposed method performed equally well for regular and 
irregular layouts along with complex background. Fig. 6 
compares the resultant images by proposed method and 
Liang and Chen’s method. In Fig.6 it is visually evident 
that resultant image obtained by our method can locate 
text region more accurately and contains less false alarms 
than Liang and Chen’s method. Fig. 7 represents some 
results of applying our method on MARG dataset. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 
 
 
 

(b) 
Figure 6: Text localization of a downloaded image by: a) pro-
posed method, b) Liang and Chen’s method 

For quantification of accuracy of localization, rate of 
accuracy is calculated to evaluate the performance. Rate 
of accuracy of text localization is defined as follows: 

 
 (10) 
 
 

Table 1 shows the accuracy rate and false alarms ob-
tained by proposed method and Liang and Chen’s meth-
od [9], respectively for downloaded images. Images con-
taining total 99 text regions we obtained an accuracy of 
96% by the proposed method. 

Texts with very large font size are treated as graphics 
by proposed method and, therefore, can not be localized 
or partially localized. However, from Table 1 and result-
ant images it can be concluded that proposed method has 
better performance in terms of both accuracy rate and 
suppressing false alarms for localization of texts in docu-
ment images.  

5 CONCLUSIONS 

Text extraction from document images is a challenging 
task because of the complex background and multi-
resolution criteria. Moreover, degradations introduce 
during scanning or copying a paper document. This pa-
per presents an efficient and simple method to locate texts 
in documents. To improve the accuracy we modified 
Liang and Chen’s approach by accumulating RLSA with 
connected component analysis. Our experimental results 
show that, along with improving accuracy, our method 
reduces false alarms from resultant images. Moreover, 

TABLE 1 
PERFORMANCE COMPARISON OF TEXT REGION LOCALIZATION 

 
Proposed 
method 

Liang and Chen’s 
method 

Total text regions 99 99 

Total extracted text regions 95 81 

False alarms 191 714 

Accuracy rate 96% 82% 

 
 
 
 
 

Figure 7: Text localization by proposed method: 
Sample output document images from MARG da-
taset. 

 
 

 

100×=
regionstextTotal

regionstextlocalizedTotal
RateAccuracy
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compared with other methods our technique relied on 
adaptability of predefined text region features.  However, 
successful detection with our method dropped down sig-
nificantly under cases when textual regions are vertical or 
scattered and intertwined heavily with irregular graph-
ical blocks and backgrounds. Future work, involves deal-
ing with this problem for more accurate detection mecha-
nism. 
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GLFSR-Based Test Processor Employing 
Mixed-Mode Approach in IC Testing 

Mohammod Akbar Kabir, Md. Nasim Adnan, Lutful Karim 

Abstract—Integrated circuits (ICs) are the key components of all electronic equipment. Design density and complexity of the 

problem relating to testing ICs have become a challenge with reliable performance and low cost. Stored pattern Built-in self-test 

(BIST) environment suffers from high hardware overhead due to the requirement of memory devices to store previously 

generated test patterns. In pseudorandom BIST, environment test patterns are generated by pseudorandom pattern generators 

such as linear feedback shift registers (LFSRs) which requires very little hardware overhead. LFSR requires long test sequence 

resulting long   time in IC testing for achieving high fault coverage. In this paper, we proposed a design and investigate the 

performance of Generalized Linear Feedback Shift Register (GLFSR) based test processor implementing mixed-mode testing 

technique. It shows that GLFSR based Test processor with mixed-mode technique will enhance the performance of IC testing. 

Keywords — Automatic Test Equipment (ATE), Built-in Self-Test (BIST), Circuit-Under-Test (CUT), Generalized Linear 

Feedback Shift Register (GLFSR), Pseudo-Random Vector (PRV). 

 

1 INTRODUCTION

ITHthe dramatic improvement and refinement of 
integration technology, the design densities and 
associated complexities of Integrated Circuit (IC) 

are rapidly increasing. Continued scaling feature sizes 
have made the integration of several cores in a single 
monolithic integrated circuit possible, called system on a 
chip (SOC). As the number of cores integrated in a SOC 
increased rapidly, both the test data storage requirements 
on the tester and the test bandwidth requirements be-
tween the tester and the chip have grown dramatically 
[1]. It is expected that this growth will continue in full 
force in the coming years [2]. In IC manufacturing various 
physical defects may occur during numerous production 
stages. Due to the complexities in today’s IC, the prob-
lems of IC testing have become much more complex. 
Conventional computer controlled Automatic Test 
Equipment (ATE) based IC testing suffers from the num-
ber of serious drawbacks such as high equipment cost, 
slow test speed, huge memory space to store and to pro-
cess test data, and yield loss due to inaccuracy [3-4]. Built-
in self-test (BIST) is an efficient testing procedure in 
which test patterns are generated and applied to the cir-
cuit-under-test (CUT) by on-chip hardware. Stored pat-
tern BIST suffers from high hardware cost due to memory 
requirement to store pre-computed test patterns. Pseudo-
random BIST, where test patterns are generated by pseu-
do-random pattern generators such as linear feedback 
shift registers (LFSRs) and cellular automata (CA), 

requires very little hardware overhead. However, achiev-
ing high fault coverage for CUTs that contain many ran-
dom pattern resistant faults (RPRFs) only with (pseudo) 
random patterns generated by an LFSR or CA often re-
quires unacceptably long test sequences thereby resulting 
in prohibitively long test time. Linear Feedback Shift Reg-
ister (LFSR) based test processor ASIC design for low cost 
IC testing employing weighted random approach have 
been reported [5-10]. In this approach, generated patterns 
are biased to improve the fault coverage. Test processor 
ASIC design employing mixed-mode technique has been 
proposed where Easy-to-detect (ETD) faults are detected 
using LFSR generated test patterns and the rest of the 
Hard-to-detect (HTD) faults are detected using determin-
istic test patterns and thereby achieved high fault cover-
age [11-16]. Mixed-mode testing approach is compatible 
with scan design and offers reduced storage require-
ments, shorter test application time and simple structure 
of hardware. It is shown that GLFSR produces quality 
pseudo-random vector (PRV) which in turn result ac-
ceptable fault coverage using lower number of test vec-
tors [17]. GLFSR is outperforms the LFSR. In this paper 
we have proposed GLFSR based test processor employing 
mixed-mode technique in IC testing. The next part of this 
paper is organized as follows. Section 2 starts with the 
concept of LFSR, GLFSR and mixed mode testing, section 
3 presents proposed IC testing approach, sections 4 ex-
plores test result and finally the paper ends with conclu-
sion in section. 

2 OVERVIEW 

2.1 Linear Feedback Shift Register (LFSR) 

Linear feedback shift register (LFSR) is usually used to 
generate pseudo-random test vectors. An LFSR is a series 
configuration of D flip-flops and exclusive-OR (XOR) 

W
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gates. The XOR gates and shift register act to produce a 
Pseudo Random Binary Sequence (PRBS) at each of the 
flip-flop outputs.  
 
Its operation is based on principle of polynomial arithme-
tic in cyclic coding theory. The general structure of n-bit 
LFSR is shown in Figure 1. an-1,an-2,……a0 are the outputs 
of n flip-flop of the n bit shift register and an is input to 
the shift register, equal to the exclusive-OR of the feed-
back signals; that is: 
 

 
 
Here the coefficient ci=1 if the flip-flop output ai is fed 
back to LFSR input and ci=0 if ai is not connected to the 
feedback circuit.An n-bit LFSR has at most 2n states but all 
zero-state is prevented because the LFSR would never 
leave this state. Hence an n-bit LFSR can have 2n-1 values. 
By correctly choosing the points at which we take the 
feedback from an n -bit shift register we can produce a 
repeatable PRV sequence of length 2n – 1, a maximal-
length sequence that includes all possible patterns (or 
vectors) of n bits, excluding the all-zeros pattern. 

 
 
 
 
 
 
 
 
 
 

Figure 1: The general structure of LFSR. 

2.2 Generalized Linear Feedback Shift Register 
(GLFSR) 

GLFSR are generalized LFSRs that are defined over Gal-
ois field GF (

δ
2 ), 1≥δ . It has been shown that GLFSR is 

significantly more effective as a test pattern generator, 
providing better fault coverage than the standard LFSR. 
The general structure of the GLFSR (δ , m) is illustrated 
in Figure 2. The circuit under test (CUT) is assumed to 
have )( mn ×= δ inputs driven by the outputs of the 
GLFSR. A GLFSR (δ , m) have m stages D0, D1, 

…
, Dm-1, 

where each stage has δ  storage cells of shift registers. 
Each shift shifts δ bits from one stage to the next stages. 

 

 

 

 

 

 

GF(
δ

2 ) Adder       GF( 
δ

2 ) Multiplier GF(
δ

2 ) Storage Element 

Figure 2: The general structure of GLFSR. 

The feedback polynomial of a GLFSR with m stage can 

be represented as 
mm

n
xxxxx +++++= −

−

1

1

2
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...)( φφφφφ  

The coefficients of the polynomial )(xφ are elements 
over GF (

δ
2 ) and define the feedback connections. The 

ith coefficient, 
i

φ  multiplies the feedback input over GF 
(

δ
2 ), which can be realized using only XOR gates. The 
GLFSR has different structure depending on the “m” 
and “δ ” value. To generate patterns for a circuit of n 
inputs, a variety of GLFSR (δ , m) is available, where 

.)( nm ≥× δ  Different values of δ and m create dif-
ferent types of GLFSRs, capable of generating different 
types of patterns for the same n-input circuit. As the 
value ofδ increases, the number of XOR gates needed 
to realize the generator increases. It has been shown 
that GLFSR is significantly more effective as a test pat-
tern generator [16], providing better fault coverage 
than the standard LFSR. In the proposed IC testing 
approach Generalized Linear Feedback Shift Register 
(GLFSR) in place of LFSR has been used as pattern 
generator.  

2.3 Mixed-mode Testing 

Mixed-mode pattern generation includes generation of 
pseudo-random vectors first and then generation of de-
terministic test vectors. This approach exploits ad-
vantages of both the pseudo-random test technique and 
deterministic test technique. A generalized scheme of 
mixed-mode technique is shown in Figure 3. PRV gener-
ated form LFSR or other generators can cover a large per-
centage of easily testable faults. The remaining random 
pattern resistant faults are Hard-To-Detect (HTD), deter-
ministic test vectors are then generated using same gen-
erator and tested. Thereby complete faults coverage can 
be achieved by this mixed-mode approach. This approach 
also offers reduced storage requirements, shorter test ap-
plication time, and smaller area overhead compared to 
weighted random approach. 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 3: Generalized scheme of mixed-mode technique. 

3 PROPOSED IC TESTING APPROACH 

In this section a complete design of GLFSR based IC test 
processor implementing mixed-mode testing approach 
has been presented. This proposed design describe a 
highly randomized, low hardware overhead test pattern 
generator (TPG) for scan-based built-in self-test (BIST) 
and also achieve very high fault coverage. GLFSR gener-
ated PRV is applied to a CUT to detect all the ETD faults 
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and then deterministic test sets are generated using the 
same GLFSR to target the remaining HTD faults using 
compacted test data called seed. Therefore complete fault 
coverage can be achieved. 

3.1 Test Processor Architecture 

The functional block diagram of the IC test processor im-
plementing GLFSR based mixed-mode technique is 
shown in Figure 4. It consists of micro-UART, control 
unit, GLFSR, Signature Analyzer (SA), Buffer Register 
(BR), Information Register (IR), and Random Access 
Memories (RAMs). Prior to start testing of a CUT, neces-
sary test information is loaded from PC through micro-
UART. The information register (IR), test length storage 
RAM (TL_R), seed storage RAM for random test pattern 
generation (SD_R), seed storage RAM for deterministic 
test pattern generation (SDD_R) and signature storage 
RAM (SG_R) are used to store the test data. Once data 
loading is completed, testing process is ‘ON’. During test-
ing process, test vectors are generated from the GLFSR 
and are loaded into the BR and are applied to the CUT. 
Output response of the CUT is captured into the BR and 
sent to the SA. At end of the test set, the generated signa-
ture is compared with that of a fault-free circuit of the 
same type (reference CUT). If the two signatures are the 
same, then the CUT is determined as fault-free, otherwise 
as faulty. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4: Functional block diagram of the proposed test processor. 

3.2 Testing Procedure 

The operation of the IC tester has three phases: (a) load 
data in the IR and the RAMs (b) circuit test and (c) re-
trieval of test result. Prior to start testing of a CUT the IR, 
TL_R, SD_R and SDD_R are loaded with appropriate in-
formation from PC through micro-UART. In the mixed-
mode testing, pseudo-random testing approach is fol-
lowed by deterministic testing approach. To start pseudo-
random testing of the CUT, the controller reset the 
GLFSR, the BR, and the SA to zero and reads the test 
length, the seed and the signature from the TL_R, SD_R, 
and SG_R respectively. The GLFSR is initialized with the 
seed and generates PRV. The PRV is loaded into the BR 
and scan path (SP) and then applied to the CUT. The out-

put response vectors of the CUT are captured into the BR 
and that of secondary output of the CUT into the SP. 
When the test vectors of the second test cube are loaded 
into BR and SP, output responses of the CUT due to the 
first test cube are shifted into the SA. The controller of the 
tester counts the number of test cubes of PRV applied to 
the CUT. The testing process continues until the test 
count equal to the predefined test length for the pseudo-
random test. Once the pseudo-random test is completed, 
the deterministic test starts. The controller reads the seed 
from the SDD_R and generates deterministic test cube by 
decoding the seed using the GLFSR. The test cube is ap-
plied to the CUT and the output response vectors are cap-
tured into the BR and sent to the SA in the same fashion 
as that of the pseudo-random testing. The controller 
counts the number of deterministic test cubes applied to 
the CUT. When the number of the test cubes equals to the 
predefined number of deterministic test length then the 
generated signature is compared with that of the refer-
ence signature and the status of the CUT is determined as 
fault-free if the two signatures are the same otherwise as 
faulty. The procedure of testing is illustrated below: 
 

1. Load IR with necessary information about the CUT 
and Number of test sets. 

2. Read data for test length signature and seed  
3. Generate test vector and apply to CUT 
4. Capture output response of CUT and send to SA 
5. If the number of test vector is no equal to number of 

predefined test length then go to step 3. 
6. Compare signature and determine whether the IC is 

fault free on not. 
7. If the number of test set is not equal to presetted 

number of test set the go to step 3 else end of test 

4 FAULT SIMULATION RESULTS 

Fault simulation experiments have been conducted using 
FSIM digital fault simulator on ISCAS85 benchmark cir-
cuits. Summary of the fault simulation results using 
GLFSR based mixed-mode approach is shown in Table 1.  

 
TABLE 1 

SUMMARY OF THE FAULT SIMULATION RESULT OF ISCAS85 

BENCH-MARK CIRCUIT USING GLFSR BASED MIXED MODE AP-

PROACH 

Benchmark 

Circuit 
No of Faults 

Patterns re-

quired  

Fault Cover-

age 

c432 524 214 100% 

c499 758 225 100% 

c880 942 248 100% 

c1355 1574 314 100% 

c1908 1879 969 100% 

c2670 2747 724 100% 

c3540 3428 271 100% 

c5315 5350 388 100% 

c6288 7744 234 100% 

   

CUT (Circuit under test) 

             CUTscan path 

SA (Signature 

Analyzer) 

GLFSR 

BR (Buffer 

Register) 

Controller Micro-

UART 

IR (Information 

Register) 

 

PC 

TL_R SD_R SG_R SDD_R 
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The table shows that the total number of test vector in-
cluding deterministic required achieving complete fault 
coverage for ISCAS benchmark circuit. It shows that 100% 
fault coverage can be achieved using mixed-mode ap-
proach. The result presented in Table 1 can be compared 
with that of other researchers [7, 8, 9, 11 and 14]. Compar-
ison of the fault simulation result is presented in Table 2. 

 
TABLE 2  

COMPARISONS OF FAULT SIMULATION RESULTS OF THE ISCAS85 

BENCHMARK CIRCUITS WITH THAT OF OTHER RESEARCHERS 

Benchmark 

Circuit 
*TV1 *TV2 *TV3 *TV4 *TV5 *TV6 *TV7 

C432 214 232 352 320 512 1024 320 

C499 225 518 - - - - - 

C880 248 179 4544 416 260 1280 160 

C1355 314 526 1248 1664 2244 2098 2784 

C1908 969 996 4608 2496 2308 5376 3916 

C2607 724 360  6240 10766 5888 6400 

C3540 271 748 1065 9504 12220 3840 4352 

C5315 388 662 1632 1950 1316 2048 1024 

C6288 234 69 - - - - - 

*TV1: Number of test vectors required in the present work 

*TV2: Number of test vectors using DRM mixed-mode technique 

obtained by Liakot (2004) 

*TV3: Number of test vectors using MP-LFSR based mixed-mode 

technique obtained by Liakot (1998) 

*TV4: Number of test vectors using weighted random technique 

obtained by Iftekhar (1995) 

*TV5: Number of test vectors using weighted random technique 

obtained by Wunderlich (1990) 

*TV6: Number of test vectors using weighted random technique 

obtained by Waicukauski et al. (1989) 

*TV7: Number of test vectors using weighted random technique 

obtained by Lisanke et al. (1990). 

 
The sign ‘-‘ in Table 2 indicates the unavailability of the 
actual data. It shows that the proposed GLFSR based 
mixed-mode approach is capable conducting IC testing 
with 100% fault coverage using much lower number of 
test vectors that that of other researchers. 

5 CONCLUSION 

A novel pattern generator GLFSR based test processor has 
been presented in this paper. In this testing mixed-mode 
approach has been implemented for IC testing.  The detail 
design of the test processor and testing procedure are 
discussed. The proposed approach can test IC effectively 
with reasonable fault coverage and have the potential to 

detect faults effectively. The test patterns generated by the 
proposed method are applied to the ISCAS bench mark 
circuits. The fault simulation results show that the pro-
posed approach requires much fewer patterns than other 
approaches. This can be significance for the faults detec-
tion of very large circuits with a large number of inputs. 
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Student Learning Management Based on 
Collaborative and Interactive  

Information System 
Muhammad Pasha, Syed Akhter Hossain, Md. Kabirul Islam 

Abstract— Student Learning Management (SLM) practices with information systems are common and widely used in the 

Higher Educational Institutions (HEI) for managing and organizing different levels of learning of students in order to ensure 

qualitative aspects of learning. At present, SLM practices are based on interactive Information System and through the Virtual 

Learning Management System (VLMS), this role of delivering the learning contents for different levels of learning of the 

university students can be very effective. But this VLMS by no means provides learning assessment of the students. University 

teachers are using online based smart tools such as Blogs, Wiki , etc., consisting of questionnaires or comments to manage the 

Interactive and Collaborative Learning (ICL) today. Although the proposed system consists of all these components of VLMS, 

this work is based on research and a focus on Collaborative and Interactive Information System (CIIS). The intended research 

is based on initial investigations of practical problems that exist in the class room and several other interactions with the 

pedagogy and with other learning factors. The designed system supports effective learning environment for the students of HEI 

to share their problems regarding class lectures/lessons and related questions for the suggestions, not only from the mentors 

but also from other students at the same time which encourages peer learning. This also shares individual learning experience 

with the similar problems. A case study based on the methodology was designed to describe how individual teachers may use 

the proposed system for SLM in their own personal settings. The evaluation used an interpretive methodology to investigate 

three research areas: Anchored Discussion, Teacher-Students’ Self Inventiveness and Professional Peer Design Review. 

Experimental observations of student and teacher blogs illustrate how the designed system encourages students and teachers 

to look beyond classroom learnings. 

Keywords—Student Learning Management (SLM), Higher Educational Institutions (HEI), Virtual Learning Management System 

(VLMS), Interactive and Collaborative Learning (ICL), Collaborative and Interactive Information System (CIIS),  pedagogy.  

 

1 INTRODUCTION

he rapid increase of Internet use enables the educa-
tional institutions to add new ideas on their educa-
tion system by adding new features like content 

based Course Management System (also known as Learn-
ing Management System or LMS) like Moodle [1], Black-
board [2], WebCT [3] etc for last ten years [4]. With the 
help of these LMSs, educational institutions are moving 
away from the traditional in-class environment to the 
new digital phenomenon where teaching is also assisted 
by computers [5]. 
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 An LMS ensures the students’ access to have their learn-
ing materials, particularly lecture notes and assessment 
tasks. Some other information e.g. up-to-date announce-
ments, assignments and discussions are also checked 
which are given by the faculties [6].  

These popular LMSs facilitates the educational institu-
tions for managing both the faculty and the students by 
providing services to ensure consistency, track, report, 
evaluations, continuous service proficiency etc [7], rather 
than Collaborative Learning, whereas collaborative learn-
ing can play a major role in proper learning at the higher 
level.  

As HEIs are committed to make the students good 
learners, which is impossible without interactions be-
tween students, this brings commitment to make the stu-
dents’ collaborative learning as a simple interactional 
processes or ICL, but in a setting parallel with the current 
or existing system of education. This is necessary to have 
small-episodes of synchronous interaction, and apply the 
mixture of different learning methods to the students so 
that they can grasp it easily. In this paper, we investigated 
on a collaborative LMS, which was developed with the 
hope that adopting by others may increase use of modern 
learning system. The system is based on the concept of 
collaborating through LMS facilitate by the course teach-
ers. 

T
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The primary purpose of the customized LMS was to 
provide immediate feedback after the end of face-to-face 
class on the basis of questions, comments, etc. posted by 
the students to find out their levels of understanding. An 
online Teacher Student Classroom Feedback System 
(TSCFS) is designed and developed considering the users 
e.g. teachers as well as students to make use of personal 
reflections, and feedback (both formal via comments on 
course blog and informal via email or chat) once a topic is 
discussed in the class. The paper concludes by making a 
number of recommendations based on some of the suc-
cesses which have been resulted from observations on 
technology use and effective delivery and pedagogy. 

The proposed system which is named TSCFS is devel-
oped in the year 2009 by customizing an open source so-
cial networking engine named Elgg [8] targeting a web 
based interactive system that can be used for monitoring 
the teaching and learning as well as content analysis. Elgg 
is an open source social networking framework that facili-
tates individuals and organizations to create an online 
social environment. It offers blogging, microblogging, file 
sharing, networking, groups and a number of other fea-
tures. 

2 RELATED WORKS 

A Learning Management System (LMS) is aimed at 
managing an e-learning environment, establishing the 
organization and delivery of content, administrating re-
sources and tracking learning activities and results [9] 
and [10]. The popular LMS that are in use today are either 
commercial products (e.g. WebCT, Blackboard, 
TopClass), or free open source products (e.g. ILIAS, Man-
hattan Virtual Classroom). Another pattern of LMS exists, 
which are customized software systems that serve the 
instructional purposes of particular organizations. LMS 
that belong to the third category are exponentially in-
creasing, as most education and training institutions are 
building or planning to build their own LMS. This is due 
to the fact that a customized LMS will fit better their spe-
cific educational/learning purposes i.e. Collaborative 
Learning, and proves to give a good return of investment 
over the years. However, the design and implementation 
of such systems that enables Collaborative Learning is not 
an easy task, since they are complex systems that incorpo-
rate a variety of organizational, administrative, instruc-
tional and technological components [11] and [12].   

Learning in collaboration with others is the foundation 
of Collaborative Learning. A Collaborative Learning 
means inter subjective meaning-making [13] and [14] 
with the interactions of a group of people, from which 
group cognition [15] comes out. Moreover, a Collabora-
tive Learning refers to the environments as well as meth-
odologies, in which students or learners directly or indi-
rectly take part in a common activity. During the activity, 
each individual not only depends on but also is responsi-
ble to each other. In recent years, Collaborative Learning 
has created a field of research on supporting ICL with the 
help of information system [16].  

A number of researchers edited their collections earlier 

specifically focusing online collaborative learning re-
searches. Hiltz [17] emphasized online collaborative 
learning by implementing her virtual classroom that ena-
bled participation and interaction of the users, 
Dillenbourg [18] noted the cognitive and computational 
approaches and [19] expanded the term online collabora-
tive learning as an established technique for teaching and 
learning in which the learners in a group have their learn-
ing responsibilities for each other and for themselves.  
However, Curtis and Lawson [20]  explored the term. In 
another work, Lindblom-Ylanne and Pihlajamaki [21] 
noted the online collaboration as a written environment 
through an online collaborative network. Macdonald [22] 
pointed the online collaborative learning as a product that 
helps the educators to process easy assessments. On the 
other hand, Wilcox et al. [23] identified the use of collabo-
rative approaches to student learning, and a range of fac-
tors which impact the student experience including learn-
ing, teaching and assessment strategies as well as the 
quality of staff student relationships.  

All the above researchers pointed online collaborative 
learning in their respective research that supports  and  
facilitates  group  processes  and  group  dynamics  in  a 
setting that  is  not possible with face-to-face interactions 
or in-class direct participations. This type of learning is 
typically tailored for use by a group of learners, working 
either synchronously or asynchronously, through online 
or at the same work station or across with networked 
computers.  

Considering the above major roles of an online collab-
orative learning system, the proposed LMS is referred to 
as the Teacher Student Classroom Feedback System 
(TSCFS).  

A comprehensive literature review of semi-automated, 
collaborative assessment and feedback is beyond the 
scope of this paper, however a review of the development 
of online assessment and feedback systems is also availa-
ble by Shortis and Burrows [24]. Hepplestone et al. [25] 
provides a ten-year catalogue of the literature associated 
with assessment feedback. Less recent publications pro-
vide further background, for example Valenti et al. [26] 
provides a review of ten systems and Heinrich et al. [27] 
provides a comprehensive review of a wide variety of 
tools to support essay-type assessment.  However,  both  
the  technology  and  the  practice continue  to  advance,  
and  there  are many  examples  of  recent  thinking  
around  the effectiveness and utility of assessment feed-
back [28] and [29]. 
 
3 Method 

A LMS, is a software system specifically designed and 
marketed to educational institutions. It supports teaching 
and learning, and provides an electronic platform for up-
load of learning materials such as various formatted files, 
lecture notes etc. along with presentation of study materi-
als and organization of student activities. These systems 
are also commonly referred to as Virtual Learning Envi-
ronments (VLE) and Course Management Systems (CMS) 
[30]. 

Heirdsfield et al. [31] pointed the current LMSs those 
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are popular worldwide and used as a tool that enables 
learning facilities such as discussion forums, chat, blogs 
and announcements to enhance the learning experience, 
because it ensures “human interaction, social learning, 
and possibilities for collaboration and ways for keeping in 
touch with students”.  An educator appears to value over 
chat as well as blogs because it could be used for a range 
of activities including discussion and collaboration  

On the other hand, most of the students of higher edu-
cation, are already keen users of digital technologies these 
days, those are often well integrated into their everyday 
lives [32], the use of online social networking sites and 
new media in education can be very motivating. At the 
same time, while students may be adept at using new 
technologies for social and entertainment purposes, they 
may not always know how to use them appropriately for 
educational purposes [33] and [34] or indeed professional 
purposes such as, in this case, an explanation of lectures, 
notes or other critical angles.  

Teaching the subject material in a context suitable for 
all of the students is always difficult [35]. Incorporating 
the new techniques such as online LMS that enables col-
laborative learning, the system allows educators to gain 
on students’ pre-existing enthusiasm for digital technolo-
gies, as well as guiding them in the appropriate educa-
tional and professional applications of those technologies. 
As the requisite software is easy to use, and online stor-
age (and syndication) is straightforward.  

Considering the major and important roles played by 
the LMS, the system also developed a social community 
pattern for learning that ensured “the power of the net-
work and to exploit social interactions and connectivity” 
[36]. This article focuses on the authors’ experiences with 
a TSCFS over a two year period 2010-2011, as the first 
author worked for design, develop and implement the 
LMS on different departments, however the other authors 
taught into a range of university courses using the LMS, 

in their first and second year undergraduate courses at a 
university in Bangladesh. The objectives of this study are: 
1. To identify the LMS with required features 
2. To find out the Teaching-Learning activities of the 
TSCFS.  

4 THE TSCFS 

The web-based Classroom Feedback System (CFS) e.g. 
TSCFS as shown in Figure 1; is a student LMS or CMS 
through which students can provide their feedback asked 
by the course teacher through web on a specific lecture 
immediately after the end of that lecture.  In addition, the 
system also provides some services which are closely re-
lated with the group of students along with their instruc-
tor of a course, such as various types of File Sharing, Mes-
sage Services through personal Email account, Personal 
Notifications for a Course Feedback or Update or Notice, 
and a Chat Box for quick conversation.  

A TSCFS helps a teacher to track the learning progress 
of a group of students as well as completion of tasks as-
signed to them. However, the system also provides help 
to a teacher to identify an area, where the students need 
help. The proposed system first introduced to the teachers 
and then to a specific group of students for educating a 
group of Computer Science and Engineering (CSE) stu-
dents as a pilot project. After that, it was introduced to 
other seven departments for facilitating the teachers as 
well as students to share their asking, which promotes 
online interactions as well as CIIS especially after the end 
of a class where face–to-face sessions are unavailable. 

Moreover, providing the facilities specified for collabo-
rative learning, the system also facilitates to notify a user 
for even every single update i.e. blog posts, feedback, file 
upload and any announcement or notice or event, regard-
ing his/her courses. A notification is not only sent to 
his/her mail box of the system, it is also sent to his/her 

 

Figure 1: User’s home page in TSCFS. 
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email address (once the option is set by the user). Clicking 
the notification, the user can check the latest update or a 
feedback or even a feedback on his/her earlier asking in a 
course blog. 

5 APPLYING PROPOSED TSCFS 

The online TSCFS consists of Course Gallery, Event Cal-
endar, Personal Blogs, Personal File Management and 
Sharing System along with Personal Notifications for 
Course Feedbacks or Updates or Notices through Person-
al Message Services as well as user’s email account and a 
quick conversation service like a Chat Box. 

 

5.1 Course 

A teacher can create one or more courses by providing 
three or four basic information i.e. Full name of the 
course, Course Code, Course Description, etc. She/he also 
can define the method of permission for membership. If 
she/he selects ‘Closed Membership’, then a student needs 
to get permission from the instructor, to join the course 
blog, otherwise, if the course membership is selected as 

‘Open Membership’, then any user can be a member of a 
course by clicking ‘Join Course Blog’ shown in Figure 2: 
List of Courses. When a course is successfully created, it 
is added to the database of the TSCFS and shows in the 
list of courses. So that any user can easily find the list of 
newly or previously created courses by clicking the 
‘Course’ tab, as it shown in Figure 2: List of Courses.  

A Course consisting of three things: 1) Course Blog, 2) 
Course Blog Files and 3) Course Calendar, which is ap-
pears left menu of a course page as shown in Figure 3: A 
Course in TSCFS. 

5.1.1. Course Blog 

After selecting a course from his/her Course Gallery, 
when one student clicks on the ‘Course Blog’ button, a list 
of written blogs appears on the screen with an order of 
the latest ‘Blog Post’ stands on the top and the older posts 
just under the latest one and so on. A user can check the 
latest ‘Blog Post’ consisting questioners, writings etc. by 
seeing the title or headline of the post. The proposed sys-
tem confirm to show the name and image of the writer 
e.g. the teacher, and the posting date along with posting 
time, just below the Blog’s headline. 

Clicking on the headline, a writing panel appears 
where a student can place his/her comment or feedback, 
as per the teacher’s asking. 

5.1.2. Course Blog Files 

When a course member wants to get a file i.e. lecture 
notes, presentations, audio/video files etc. which has al-
ready been shared commonly by the course teacher or 
students for others, the blog member clicks on the ‘Course 
Blog Files’. A list of files appears on the screen for that 
specific course, with an order of the last shared file on the 
top and the older files just one by one, under the latest 
one. A user can check the latest files by seeing the title. 
The proposed system shows the Name and Picture who 
uploads a file i.e. the Teacher or the student, along with 
the date and time of uploading the file, below the File’s 
headline. 

5.1.3. Course Calendar 

A student can get all announcements or dates of upcom-
ing events i.e. quiz, assignment, class presentation, exam 
etc. through the course calendar. 

5.2 Course Gallery 

After the creation of a course successfully by the teacher, 
the course instructor becomes the admin of that particular 
course. Therefore, the course appears on the ‘Course 
Gallery’ of the teacher, as it is shown in Figure 1: User’s 
Home Page in TSCFS. When a student successfully 
becomes a member of a course, the course is also added to 
his/her ‘Course Gallery’. A ‘Course Gallery’ is always 
shown on the ‘Home’ and ‘Profile’ page for both teachers 
and students 

5.3 Event Calendar  

When a teacher adds any event on the course calendar, 
the event or announcement is shown not only in the 

 

 

 

 

 

 

 

 
Figure 2: List of courses. 

 

 

 

 

 

 

 

 

 

Figure 3: A course in TSCFS. 
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course calendar but an event is also appeared on the 
‘Event Calendar’ section of the dashboard or home page 
as well as profile page of the users as it is shown in Figure 
1: User’s Home Page in TSCFS. At the same time, a per-
sonal notification is immediately sent to the message box 
of the course members as well as their email addresses. 

5.4 Personal Blogs 

Members have been given the privilege to write any per-
sonal blog regarding a matter which might not be  
his/her class but seemed useful or interesting to him/her. 
A comment section is also available to in a personal blog, 
where the readers can comment or suggest to a blog writ-
er. A personal blog is not regarding with regular classes, 
enables a group discussion on a specific topic with similar 
minded students who are interested on that topic. There-
fore a learning environment has been developed. 
 

5.5 Personal Files Management and Sharing 

A file sharing privilege is also given to all members to 
upload not only document formatted files but also 
pictorial formatted files can be shared, at the same time, 
multimedia files i.e. audio and Video can also be shared 
to all or a group of users. An uploaded file can be set 
private or shared to a group of users, i.e. students of a 
same course. Moreover it can also be set accessible for 
personal friends or login users or public. And through the 
comment section anybody can get feedback on his/her 
uploaded files. 

5.6 Message Services and Quick Conversation 

The system enables a personal message service. Any user 
can write a personal message to other. When a message 
comes in a user’s inbox, a red message box appeared on 
the top of the pages of a user as it is shown in Figure 1: 
User’s Home Page in TSCFS. Moreover, the system auto-
matically forwards the message to his/her email account.  

A quick conversation box or chat box is available for 
the users to enable easy communication or live chat so 
that any user can see who (from his/her friend list) are 
available or online at once (as it is shown in Figure 1: Us-
er’s Home Page in TSCFS), and ask and share his or her 
personal quires to a teacher or other classmates when 
s/he has a query and others are available on online. 

5.7 Notification Services 

The red message box is seen (as it is shown in Figure 1: 
User’s Home Page in TSCFS) for any notification or latest 
updates related to a user’s personal blog, courses, event 
calendar, or etc. At the same time, all the notification 
messages are sent to the email account of a user. However 
a user can set his/her criteria of getting notification to 
his/her email account, e.g. personal or group notification, 
etc. S/he can disable all of his/her notifications forward-
ed to email account if s/he wants. 

A block diagram of the proposed TSCFS is described 
in Figure 4: Block Diagram of the TSCFS; shows when a 
teacher creates a course blog, a student can find the 
course blog on the ‘Course Menu’. A student can access 

into a course blog while s/he confirms his/her member-
ship in the course blog by the course teacher. After a 
teacher writes something, the students can see the blog 
post. A feedback of the teacher’s askings can be given 
under the teacher’s blog post. It can be a comment or oth-
er sort of feedback or different types of files as per users’ 
askings. 

When a feedback is given or any file is uploaded or 
any other updates are done, a notification is sent to all the 
course blog members including the course teacher as it 
also shown in Figure 4: Block Diagram of the TSCFS. The 
system archives the date and time of the update and 
shows it to the members including updating date, time as 
well as the name of the member by whom the feedback, 
post or file uploading has been done. If a user fails to post 
or for improper ways of giving feedback, no posts or up-
date notification is sent to the members of the course blog 
as there is shown no update in the course blog.     

6 EXPERIMENTAL OBSERVATIONS AND FINDINGS 

6.1 Anchored Discussion 

One of common uses for a TSCFS is anchored discussion. 

An anchored collaboration is a good structure to use for 

review activities at the end of a certain time period, how-

 

Figure 4: Block diagram of TSCFS. 
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ever, is also useful for supporting focused discussions in 

between the educator and the students as well. Common 

examples of an anchored discussion are students study-

ing for a midterm or a final exam by posting and critiqu-

ing answers to sample questions, or asking students 

about exam questions or an (anchor) assignment, presen-

tation or quizzes as it is shown in Figure 5: Anchored Dis-

cussion on Exam Questions.  

It was simple to implement anchored collaboration par-

ticularly in a web based CFS, because the space for col-

laboration can literally be the same space as the anchor. 

Anchored collaborations have been used in Architecture 

for debates [37], in CS to discuss papers [38], and in sev-

eral disciplines to discuss homework. It is described in 

Figure 5: Anchored Discussion on Exam Questions. The 

anchor is the faculty member who asked four questions to 

his students regarding the exam questions after the exam.   

6.2 Teacher-Students’ Self Inventiveness 

It is observed that users of specific course did use an 
online CFS for anchored and focused discussions. A 
mechanism was used by the students to writing their 
comments at the end of an anchor’s comment. Although 
there was no explicit support for tracking “threads” of 
comments (e.g., when one note comments on another 
note, which comments on another note; [39]), a variety of 
mechanisms were invented by users (teacher or students) 
for marking threads or answering a specific user’s ques-
tion as it is shown in Figure 6: Student’s comment on 

Classmate’s Asking.  
An example of two Students’ self inventiveness is seen 

in Figure 6: Student’s comment on Classmate’s Asking, 
where a student asked the teacher about something and 
another student responded and replied to his classmate’s 
asking as he knew the answer.  

6.3 Professional and Peer Design Review 

Starting in a course of Human Resource Management, but 

later being copied in several classes (e.g., English, Eco-

nomics, Business Communication and Bangladesh Stud-

ies), students were asked to post their work for others to 

review—sometimes peers, but sometimes experts from 

the outside. This kind of review can perform several roles. 

It can be a motivating activity that helps students, view 

their work from a new perspective. It can be an activity 

that highlights a particular aspect of the students’ work 

(e.g., when the teacher sets the ground rules about what’s 

to be critiqued). It can also be an activity that allows a 

large class to see what others are doing, in order to 

benchmark their own work. 

We highlight one of these uses to provide more details 
as it is shown in Figure 7: Students’ Writing by Seeing 
Classmate’s Writings. In one Human Resource Manage-
ment class, students were asked to write their job descrip-
tion as a junior executive at Human Resource Department 
for each of their projects on the course blog page as it is 
described in Figure 7: Students’ Writing by Seeing Class-
mate’s Writings. Students were asked to go through dif-
ferent resources i.e. books, internet, etc. to develop their 
projects. The goal of this structure was to provide stu-

Figure 5: Anchored discussion on exam questions. 

 

Figure 7: Students’ writing by seeing classmate’s writings. 

 

Figure 6: Students’ comment on a classmate’s asking. 
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dents with an opportunity to review each others’ projects 
and to help one another in answering their research ques-
tions. 

This activity was judged to be fairly successful. The 
course supervisor observed and gave instructions when 
the students were updating their writing by seeing others, 
at the same time taking the supervisor's instructions seri-
ously. The students enjoyed the experience, particularly 
reading one another’s postings and seeing. Moreover, the 
course instructor enjoyed how the peers responded to the 
students’ work that ensures the peer design pointed by 
Zimring et al [40]. 

7 DISCUSSIONS 

A LMS or CMS like TSCFS is only one of several web-
based CSCL tools that have been created for learners. It is 
justifiable to looking at the bargains that were chosen be-
tween others and the proposed LMS, and to see how 
those bargains impact the kinds of applications that can 
be authored with these tools. In general, the TSCFS does 
not frame the process of students tests, quizzes, results or 
etc. as other LMS or CMS tools do, which makes it desira-
ble in some settings (e.g., with adult learners) and less 
desirable in others.  

Moodle, WebCT and Sakai [41], have all been used 
successfully in educational contexts. They aim at support-
ing teachers in creating furthermore managing online 
courses. All the same, with respect to providing teachers 
with information about their students, they mainly show 
students’ track reports or of how the overall class is re-
sulting by using the system rather than focusing on peer 
teaching or collaborative learning which can only be pos-
sible with a CIIS. 

A web based CIIS like TSCFS is a multi-representation 
tool where students are asked to make a statement about 
a discussion question, and then appoint in a progressed 
discussion assisted by the educator, about the question. 
The online CFS offers ease threaded discussions, but it 
supports anchored collaboration together with a setting 
so that threads of discussion can be accessed from any 
page on that website. The system opens the doors to 
grease the wheels to a sort of discussion where users are 
propelled to identify the kind of note that they are post-
ing, as a way of encouraging deliberation about the col-
laboration process ensuring not only the Anchored Dis-
cussion, but also the Teacher-Students’ Self Inventiveness 
at the same time Professional Peer Design Review. 

Despite the other collaboration spaces such as CoNote 
[42], SpeakEasy/MFK [43] & [44], and CaMILE [45], [46] 
& [47] are perhaps better conformed where the users need 
a more spotlighted and more confined activity, such as 
elementary school or middle school students. But at the 
tertiary level of education, the TSCFS can be a collar as it 
focuses CSCL more compared with those. Novice stu-
dents who are less familiar with Uniform Resource Loca-
tors (URLs), page editing versus page viewing, or Hyper 
Text Markup Language (HTML), do not need to know 
anything about those. Usage of TSCFS as like as these 
other tools, is also controlled. Users sign in, so that their 

identity is known and each user’s contribution can be 
tracked. Users cannot delete or modify other users’ post-
ings. The CIIS offers these features: It is easy to use, indi-
vidual contributions can be identified with date and time, 
and it is not possible for one user to modify or delete an-
other user’s posting but seeing only. 

Authorized users such as course instructors or admin-
istrators will be able to create and manage their cours-
es whereas students can join and participate to give their 
feedback from anywhere in the world through web. At 
the same time, any member e.g. a teacher or a student can 
start writing and sharing personal blogs on a topic of 
his/her interest that ensures getting feedback from oth-
ers, which enables a chance of - the more students prac-
tice and get feedback on their writing, analyzing, or prob-
lem solving, the more adept they should become [48]. 

Originally, outsiders who do not have their account in 
the system may also make their registration through their 
email addresses, and send join requests to the system for 
the available courses. However, the University ruled to 
registrar an account via University email addresses only 
to adapting the learning portal system as the university 
wanted only authorized individual and facilitators to use 
the system. 

8 CONCLUSION 

The TSCFS is a flexible SLM tool based on CIIS, but that 
very flexibility may limit some of its applicability, as de-
scribed earlier. The points of the above sections were to 
show that the SLM tool seems well-suited to the charac-
teristics of higher education. Activities using the TSCFS 
have been invented time to time and costumed on de-
mand by a fairly large number of teachers as well as stu-
dents. We have only started to gather data suggesting 
that some of these activities have been effective in sup-
porting student learning. We believe that the system can 
be effective, when sufficiently integrated with classrooms, 
as described in the final section where we consider why 
the TSCFS has been successful in encouraging invention 
by its users.  
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SaaS: A New Era for Call Center Based on
Cloud Computing

Md. Mahmudul Hasan and Woakil Uddin Ahamed

Abstract—Cloud Computing has become an emerging field of research in recent days for its various cost effective approaches.
In this research work, we have developed a live chatting system based on cloud computing to demonstrate its effectiveness in
call centers. The developed system follows the core idea of cloud computing, especially the ‘Software as a Service’ (SaaS)
model and its utilization in IT solution companies. The demand of this model is increasing rapidly among the clients because of
its cost efficiency and flexibility. Moreover, customer care service providing companies spend a lot of money to buy and maintain
chatting software. For this reason, a real time chatting application has been developed in this work in such a way that users of
this system can have on-demand and hosted services. The application has been created by using Dot Net framework and writ-
ten in C# with Asynchronous JavaScript and XML (AJAX) and Language-Integrated Query (LINQ) functionalities. The applica-
tion has been designed as a web based real time software to those companies, which are worried about expenses and mainte-
nance of the customer care software. The system was simulated in a real time environment to support and solve customers’
queries. This cloud based application also guarantees how one can be benefitted using the SaaS model compare to the existing
system.

Keywords—AJAX, Application Programming Interface (API), ASP.NET, Cloud Computing, C#, LINQ, .NET Framework, SaaS

1 INTRODUCTION

ustomer care service is one of the popular aspects in
IT sectors due to its excessive demand among the
clients to  get help or assistance in various sectors

such as ISP, e-commerce (e.g. online shopping), bank, IT
firms, telecom industries, insurance, health-care (e.g. tel-
emedicine), and so on. These companies support their
valuable customers’ queries through internet or over the
phone. In the era of internet and modern technology,
most of the companies are trying to boost their sales. Eve-
ry company is trying to provide a better and easy cus-
tomer care service for their valuable customers over the
phone or via the internet. As a result, internet telephony
based call centers are becoming more expensive. Every-
one is trying to switch over to a cheaper solution to make
the services easier and user friendly with low cost.  In this
context, customer supports become very expensive and
demanding which is gradually affecting the IT sectors.
The key to solving this problem is to introduce user
friendly and cost effective software, which can support

online customers. Nevertheless, the vendor for live chat-
ting software is becoming more costly day by day. In or-
der to support Small & Medium Enterprise (SME) in a
competitive market, the application was designed in such
a way that the system could solve the problem of exces-
sive expenses for supporting the customers.

The system was created as an economical approach to-
wards the SME IT firms with all facilities and of course
with reliability. The project was developed by using .NET
framework, which is a well-known platform for security
and reliability on web based systems.

1.1 Basics of Cloud Computing

Cloud computing is one of the most prominent technolo-
gies to adopt over existing infrastructure because of its
plug and play services. It has become a cherry on top of
the cream for the companies and researchers for its sim-
plicity and cost efficiency.
In 1990s, at first, Sun Microsystem initiated to promote
cloud based architecture by using internet. Moreover,
there is no doubt that Application Service Provider (ASP)
based services have been popularized by SalesForce.com.
And, this company creates a tremendous demand of
cloud based solutions with a lot of success stories [1].
There are various types of services which are incorporat-
ing with cloud computing such as [2]:

C
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 Desktop as a service (DaaS),
 Identity management as aservice (IMaaS),
 Communication as a service (CaaS),
 Infrastructure as a service (IaaS),
 Software as a service (SaaS),
 Platform as a service (PaaS) and
 Databases or storage as a service (DBaaS).

Among them, the following three are considered as
the core component of cloud computing [3]:

 Infrastructure as a service (IaaS): Infrastructure
as a service delivers basic storage such as servers,
storage systems, switches, routers and compute
capabilities to handle workloads over the net-
work. For example, Amazon EC2, AppNexus,
etc.

 Platform as a Service (Paas): It is responsible to
develop the environment and storage manage-
ment. In other words, it provides a compatible
Application Programming Interface (API) to look
after the implementation. For example, Google
App Engine, Windows Azure, etc.

 Software as a Service (SaaS): It provides a com-
plete full function solution through internet. For
example, Gmail, Salesforce.com, etc.

1.2 Fundamentals of Software as a Service (SaaS) Model

The acronym SaaS of Software as a Service was first used
in an article by Software & Information Industry Associa-
tion (SIIA) in February 2001[4].It is a concept of using
software or any particular applications of a software
through internet. The core concept behind this model is
that the users of the cloud application do not need to in-
stall the software in their premises. In the SaaS model,
subscribers are needed to access their desired application
from the cloud provider through internet. In general, the
users of SaaS application pay charges based on CPU hour.

The remainder of this paper is organized as follows. Sec-
tion 2 reviews previous researches and current context of
customer care. In section 3, the basic of live chatting soft-
ware and its incorporation with SaaS model are present-
ed. Section 4 describes design, development and imple-
mentation of the developed software. Section 5 provides
the simulated results and analysis for illustration, fol-
lowed by concluding remarks in section 6.

2 LITERATURE REVIEW
2.1 Previous Researches and Overview
Software as a Service (SaaS), has received a lot of aware-
ness in recent years when the cloud computing spreads
its eminence in the world of IT industry. It has become an
emerging trend to all service oriented companies. Alt-
hough many new technologies were launched to maintain
service oriented architecture, SaaS model turn into more
popular among them because of its flexibility and adapt-

ability in the existing systems [5].

Now the questions arise how the concept was brought in
and why it was also connected to this project?

To answer these questions, it is required to describe from
the beginning.

There was no public internet linkage between vendors
and customers about 30 years ago. That is why; every-
thing was installed based on premises of the users. In this
period, software was manually delivered from the ven-
dors to the end users (e.g. typical format were .exe, .dll,
.dmg, etc) to utilize the facilities. The clients were respon-
sible to handle all sorts of risks including buying infra-
structures such as operating system, storage, etc.

Internet became available to public about 20 years ago
and a new era began with web applications. However, the
software was still installed on the customers’ end. About
10 years ago, a new concept launched about installation
of the applications. To be more precise, the SaaS idea
came to the end users with a lot of expectations over ex-
isting systems. Everyone accepts this model due to its
elasticity and heterogeneity in the existing system [6].

Nowadays, most of the companies are trying to increase
their sales by giving a better customer service. By using
SaaS model, these companies can save a lot of money in-
stead of using traditional on-premises enterprise solu-
tions.

The most common SaaS applications in the market are [7]:

 Customer Resource Management (CRM),
 IT Service Management and
 Content Management.

The focusing point in this project was to create a Custom-
er Resource Management (CRM) solution, which is
broadly used software to communicate with customers. It
is an easy and effective enterprise solution for caring cus-
tomers’ queries. The most common CRM solution is cus-
tomer support based applications. That is why; 24/7 en-
terprise solution such as a chatting system was preferred
in this research work to demonstrate SaaS capability over
existing system for call centers.

To do this research, it was obligatory to know the current
context of chatting systems in the software market. There
are various types of chatting systems available in IT in-
dustry. Typical characteristics in these existing systems
are sending messages, auto refreshes, save and print con-
versations and leave the application. For example,
LiveChat.com, a Poland based software company, is one
of the leading chatting solutions provider in this industry.
They support their customers by providing tools and
HTML codes on the clients’ web page [8] [9]. Other IT
giants like Yahoo, Skype, MSN, Meebo, Go to Meeting,
Go to Webinar, etc., also provide chatting applications for
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instant messaging. The major differences are that in these
platforms, users need to install the same application on
their desktop (e.g. .exe file, .dll file) or go through from
other web sites such asMeebo, eBuddy.com, Nimbuzz,
and so on. On the other hand, Chat4support.com and
Chatstat.com are dedicated companies to provide the
chatting applications between the users over internet
[10]. However, some of them need special specifications
such as web 2.0 or JavaScript (JSP) enabling on the
browsers. ActivaLiveInc., a Michigan based Software
Company, is trying to provide some extra facilities to
their software such as Velocity messaging, which is an au-
tomatic quick response technology to the customers’
questions through the agent. They are also trying to
evolve the technology to identify what has been typed
from the users’ end [11]. In addition, Facebook, a leading
social networking website, uses web based chatting sys-
tem for chatting and it archives all the messages between
senders and receivers [6][15]. Figure 1 shows typical web
based chatting solution from LivePerson Inc. to get a
glimpse of recent web based chatting application.

Figure 1: Screenshots of original chat window from
Liveperson.net

2.2 Problems in Existing Service Based IT Firms

What are the current conditions to support the customers in
service based IT firms?

Why IT Solutions Company need to deploy towards a new
technology?

To answer these two questions, it is compulsory to
clarify the current situation of supporting customers.

There have been several efforts taken to provide a
good solution for customers support in a cost effective
way. The following list shows the procedures that are
followed by various IT firms to support their customers.

A list of existing customer support systems in the market
are [12]:

a) Phone, b) E-mail, c) Online text chatting, d) Call
back system and e) Internet telephony.

The most common approach towards customers support
is call centre. There is no doubt that this approach is the
best in sales and marketing for customer care. However,
with this solution, most of the companies are struggling
with overhead of driving call centers such as highly
equipped infrastructures, trained operators, maintenance
cost, etc. Therefore, it becomes more expensive day by
day.

For this reason, online chatting or to be more precise, text
chatting becomes more popular, because of its easy han-
dling, flexibility and ubiquity characteristics. However,
these companies are now becoming more demanding
than previous. They provide chatting service based on
operators and customized functionalities.

According to their services [8], it is clear that, they charge
different prices of their different features such as pay per
users or monthly basis subscription fees per operators. As
a consequence, it is a bit annoying for both clients and
vendors to maintain the software properly.

The main problems of the customer service oriented
companies were discovered as:

a) Lower cost efficiency due to on-premise installation, b)
Bespoke designing of the software for every client and c)
Lower revenue stream.

According to the project, one of the ways to solve the
above discussed problems is switching to the SaaS model.

3 What is Live chatting Software?
Live chatting software is a system which is responsible to
communicate through internet in a real time environ-
ment. There are two types of live chatting software. They
are given below [13]:
a. Desktop-based Software: This type of chatting system is
comprised with executable file such as .exe, .dll, etc.
Therefore, the users need to install and execute the sys-
tem on their machines. For example, Yahoo Messenger,
phonate telecom, Windows Live Messenger, Skype, Local
Phone, etc.
b. Web-based Application: Web-based chatting system is
the application which runs on user’s browser. For in-
stance, DimDim, Meebo, e-buddy, Barclay’s Bank Cus-
tomer Care web site [14], Facebook [15], etc.
This project was built based on web-based architecture,
which was written in C# with AJAX and LINQ function-
alities [1].

3.1 Why SaaS model in the new system?

Even though a lot of models exist in cloud computing
paradigm such as Infrastructure as a Service (IaaS), Plat-
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form as a Service (PaaS), and etc., preference was given to
Software as a Service (SaaS) model among them based on
the following characteristics [16].

a) Lower Cost, b) Reduce run time and response
time, c) Minimize infrastructure risk

4 DESIGN, DEVELOPMENT AND IMPLEMENTATION

4.1 Design
4.1.1 Principles of SaaS Design

Anything in cloud must be in a virtual environment.
According to this principle, virtualization was the great-
est concern to design the system. At first, virtualization
was the crucial point to set up the environment in this
project. Needless to say, this is a simulation work of a real
environment. However, the core technologies that are
used in SaaS development had been imagined to imple-
ment in this application.

4.1.2 Real Time Application Design
This project was concerned about a live chatting system
as a service. As mentioned earlier, the system should be
executed in a real time based environment. For this rea-
son, the following aspects were concerned to design the
real time environment.

For the execution of a real time based scenario, the
chatting session would be able to synchronize with the
CPU clock. For this rationale, a timer was used to syn-
chronize with current time of Control Processing Unit
(CPU).

The real time application would be able to accurate not
only in its logical correctness but also in the time when
it is performed [17].Due to this aspect, different brows-
ers were used at the same time to check whereas the
system was working perfectly or not according to the
CPU time.

4.2 Development

In this sub section of the document, the abstraction level
of the project is described. The system is about virtualiza-
tion which is the key technology of cloud computing.
That is why; the whole system is divided in 3separate
gears. They are given below:

SaaS subscriber: This component was created as SaaS
subscriber for this project. eProfessionals.org.uk [18]
web site was created as a customer of SaaS provider.
This site was particularly created for the demonstra-
tion of the cloud computing scenario.

SaaS provider: This site was created as SasS provider
named SX Live Chat Solution which is responsible for
providing the chatting application to its subscribers.
User: Users are defined as they are customers of SaaS
subscriber. They are typical people who are intended

to be a member of a social organization named ePro-
fessionals.org.uk site for helping their customers.

The high level architecture is presented in figure 2
where 3-tier architecture of ASP.NET 3.5 has been in-
tegrated to the web application [19].

Figure 2: High level architecture of designed sites

4.3 Implementation
To enable the environment of the solution, it is neces-

sary to create the appropriate environment. Here, both of
the web sites were created using Active Server Pages
(ASP) from Microsoft to dynamically generated web pag-
es [20].

4.3.1 Necessary tools for enabling the environment:

DOT NET Framework [17]: This framework supports
Common Language Runtime (CLR) environment which is
developed by Microsoft. It is necessary to enable the envi-
ronment of implanting the system. The following versions
of the .Net framework (in Table 1) were used for two web
sites:

TABLE 1
Framework Determination of Designed Sites

Name of the Sites .Net Frame-
work Version

eProfessionals.org.uk .NET Version 2.0
SX Live Chat Solution .NET Version 3.5

The rationale for using different domain was to prove the
SaaS compatibility in different platforms.

LINQ: Language INtegratedQuery (LINQ) is an object
relational mapping system developed by Microsoft. It
was used because of it has faster access into databases
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which is developed by Visual Studio 2008 with SQL clas-
ses.
AJAX: Asynchronous JavaScript and XML (AJAX) is a
popular web development technique for interactive ap-
plications. AJAX Extensions such as ScriptManager and
UpdatePanel were used for timing and maintaining the
session of the chatting application. Needless to say, it in-
creased pace and usability of the web pages in the devel-
oped system.

4.3.2 Integrating to Web Services

The prime concern was to make a system that could be
declared that it follows the principle of Cloud computing
specially Software as a Service (SaaS) model.
The following API mechanism for SaaS chatting Applica-
tion shows the implementation in the developed site:

1. Initial request from user
2. API Call
3. API Response
4. HTML Response

5 Results and Analysis

To check the compatibility and performance of our devel-
oped SaaS based chatting application, we have chosen
three methods to analyze our outcomes. They are:

a. Integrating the application in a real website to
check compatibility,

b. Checking the cost effectiveness and
c. Performance checking in different browsers.

a. Compatibility test:
In this research work, we have integrated our SaaS based
chatting application in eProfessionals.org.uk site which is
shown in figure 3 to check whether the application is
compatible or not to serve multiple clients.

Figure 3: Developed application integrated in a real web
site to support its customers.

From the above figure it can be observed that our devel-
oped application has been easily integrated to a web site
by using the Application Programming Interface (API).
And, when a client click the chat button, a window
popped up and operator gets a message to initiate the
chatting session with the customer. Figure 4 shows a chat-
ting window and it shows ongoing chatting session be-
tween an operator and John who is a customer is asking
for prices of different packages.

Figure 4: Chatting is going on between operator and cus-
tomer.

From the above figure, it is clear that this application can
be successfully integrated in web sites and it can handle
multiple customers simultaneously by putting them in a
Queue which is first in first out (FiFo).

b. Cost efficiency test:

Several parameters have been used to determine cost effi-
ciency of the developed system which is shown in table 2.

TABLE 2
Comparison between call center based system and cloud

based chatting application

Parameters Call Center Chatting Appli-
cation

To serve Cli-
ents

Need one agent
for each client

One operator can
handle multiple
clients simulta-
neously

Infrastructure Need individual
set up for each
agent

One PC is enough
to support many
clients

Maintenance Need more sup-
port for many
agents

Need minimum
support since
operators are
lesser than call
center

Payment
mode

Needs to support
each agent

Rent basis or pay
per use

Our pilot deployment in eProfessioanls.org.uk shows
that, they reduce 87% expenses after using cloud based
solutions rather than call center based system.
c. Performance Test:

For checking the performance of the developed system,



HASAN ET AL.: SAAS: A NEW ERA FOR CALL CENTER BASED ON CLOUD COMPUTING 49

the conversation time between two chatters was required
to check. For simplification of the test, different browsers
were taken for different users for checking the respon-
siveness of the system. Several messages and their execu-
tion time were taken from Message table to check the per-
formance.
Table 3 shows the conversation and response time be-
tween user1 and user 2 using the Internet Explorer and
the Google Chrome browsers respectively.

TABLE 3
Response time calculation between two users using IE &

Google Chrome browsers

Figure 5 represents responsiveness between two users

according to the data in table 3.

Figure 5:  Performance testing of response time of the
messages using IE and Google Chrome browsers.

According to the performance test, it was observed that,
the response time between the chatters was reasonable.
The system did not take infinite time to response. The
average time for responding was 1.562 seconds between
the Internet Explorer and the Google Chrome browsers.

6 Conclusion
The system is found to be successful in major cases, be-
cause the system has the functionality of SaaS application
and chatting system. Furthermore, the user interactions of
two web sites with different domain such as .Net frame-
work 3.5 and 2.0 have also proved successful for the SaaS
based environment and its application in real time soft-
ware. According to the implementation of the project, it
has shown that the SaaS subscribers do not need to install
the software on their own premises to support the cus-
tomers. As a result, it is not necessary for the subscribers
to have the related storages for chatting application. For
this reason, the system also establishes a cost optimiza-
tion technique in a service based solution so that different
companies could be served with the same code or pro-
gram which also strictly follows the principles of SaaS
model.  Nevertheless, the system is not free from its
drawbacks. But, it can provide the basic idea of how to
implement a SaaS based chatting application in an exist-
ing system. To sum up, it can be asserted that the project
is successful in its principles.

The future direction of the project is to incorporate it with
an intelligent agent for the chatting purposes. Moreover,
multi cloud or mobile computing could be used over the
SaaS application. However, the system could be designed
in a way that it could be free from its weaknesses.  In ad-
dition, the whole system could be used as a distributed
system for more cost optimization.
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Modeling the Number of Children Ever Born 
in a Household in Bangladesh Using 

Generalized Poisson Regression  
Mariam Begum Ratna, Hossain Ahmed Khan, Md Anower Hossain 

Abstract— In this paper, an attempt has been made to model the total number of children ever born in a household in 

Bangladesh by using a generalized Poisson regression model. The generalized Poisson regression model has statistical 

advantages over standard Poisson regression model and is suitable for analysis of count data that exhibit either over-dispersion 

or under-dispersion. The maximum likelihood method is used to estimate the model.  Approximate tests are performed for the 

dispersion and goodness-of-fit measures for comparing alternative models. 

Keywords— Generalized Poisson regression model, dispersion, goodness-of-fit. 

 

1 INTRODUCTION

HEN the response or dependent variable is a count 
generated by processes in which the number of 
incidences is due to a rare or chance event, and 

that rare or chance event follows the principle of ran-
domness.  In such cases, Poisson regression model is ap-
plied to fit this type of data. In theory, data of the Poisson 
distribution should have its mean equal to its variance. 
But in practice, data arising from groups or individuals 
may be statistically dependent, so the observed variance 
of the data may be larger or smaller than the correspond-
ing mean.    

There are number of approaches to dealing with count 
data, or data arising from accumulated or aggregated 
binomial (or multinomial) trials. The more familiar is the 
Poisson regression (PR) model. But the generalized Pois-
son regression (GPR) model has shown statistical ad-
vantages over standard Poisson regression, negative bi-
nomial regression, generalized negative binomial regres-
sion and generalized linear models in the event of fitting 
count data that may be over-dispersed or under-
dispersed or equi-dispersed. The GPR provides a versatile 
approach for analyzing count random variables and their 
relationships to other variables or covariates.  

Consul [1] presented pioneering work on a generaliza-
tion of Poisson distribution. Singh and Femoye [2] used 
and suggested the GPR model instead of the PR model in 
their analysis of life table and follow-up data. They sug-

gested that the PR model was not appropriate to analyze 
an extra-Poisson variation survival data set. A number of 
works have suggested various models to deal with extra-
Poisson variation in data. (See, for example, Cox [3]; 
Breslow [4]; Lawless [5]).   

In many empirical studies of fertility, the number of 
children ever born in a household in Bangladesh is mod-
eled as a function of socio-economic variables. The com-
monly used model is the standard Poisson. This model is 
considered because the number of children ever born in a 
family is non-negative. However, this model has some 
restrictions in some situations. In standard Poisson re-
gression model, the conditional mean and variance of the 
dependent variable is constrained to be equal 
(equidispersion) for each observation. In practice, this 
assumption is often violated since the variance can either 
be larger or smaller than the mean. That is, both over-
dispersion and under-dispersion can exist in the count 
data. If the equidispersion assumption is violated, the 
estimates in Poisson regression model are still consistent 
but inefficient. As a result, inference based on the esti-
mated standard errors is no longer valid. As noted in 
Winkelmann and Zimmermann [6], the number of chil-
dren ever born in a household often does not follow 
equal-dispersion assumption when mode is 2. Therefore, 
the standard Poisson regression model which assumes 
equal-dispersion is not appropriate to model data about 
household fertility decision.   

The paper proceeds in the following way. Section 2 de-
scribes the data and variables used in this paper. Section 3 
outlines the generalized Poisson regression model, good-
ness of fit and comparison measures and test of disper-
sion. Section 4 presents and discusses the estimated re-
sults. The paper concludes in section 5.  
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2. DATA AND VARIABLES 
The data from Bangladesh Demographic and Health Sur-
vey (BDHS) 2007 have been used in this study.  The 2007 
BDHS employs a nationally representative sample that 
covers the entire population residing the private dwelling 
units in Bangladesh. The survey used the sampling frame 
provided by the list of census enumeration areas (EAs) 
with population and household information from 2001 
Population Census. Bangladesh is divided into six admin-
istrative divisions: Barisal, Chittagong, Dhaka, Khulna, 
Rajshahi and Sylthet. In turn, each division is divided into 
zillas, and each zilla into upazillas. Rural areas in an 
upazila are divided into union parishads (UPs), and UPs 
are further divided into mouzas. Urban areas in an 
upazila are divided into wards, and wards are subdivid-
ed into mahallas.  EAs from the census were used as the 
Primary Sampling Units (PSUs) for the survey. The sur-
vey was based on a two-stage stratified sample of house-
holds.  At the first stage of sampling, 361 PSUs were se-
lected where 227 were rural PSUs and 134 urban PSUs. 
The survey was designed to obtain 11,485 completed in-
terviews with ever-married women age 10-49. According 
to the sample design, 4360 interviews were allocated to 
urban areas and 7125 rural areas.  

A household fertility decision may depend on different 
factors. Following is the list of dependent and independ-
ent variables used in this study. Table 1 shows the varia-
ble definition and descriptive statistics of each variable.  

Dependent variable: 

• Number of children ever born in a family 

Independent variables: 

• Age  of respondent 

• Has electricity (1 = yes, 0 = no) 

• Has Television (1 = yes, 0 = no) 

• Age at marriage 

• Partner’s education level (1 = HSC or more, 0 = 

otherwise) 

• Type of place of residence (1 = Urban, 0 = else) 

• Literacy of the respondent (1 = SSC or more, 0 = 

else ) 

• Religion of the respondent (1 = Islam, 0 = other-

wise) 

• Contraceptive use (1 = yes, 0 = no). 

 

3. THE GENERALIZED POISSION REGRESSION 

MODEL 
Suppose a count response variable   follows a generalized 
Poisson distribution. To model number of children ever 
born, we define    as the number of children ever born per 
household. Following Singh and Famoye [2], the proba-
bility of mass function is given by  
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where ix  is a )1( −k  dimensional vector of explanatory 

variables including personal characteristics of both hus-
band and wife in a family as well as some demographic 

attributes of the family, and β  is a k dimensional vector 

of regression parameters. The mean and variance of iY  

are given by 

iii xYE µ=)|(  and 
2
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tively.   
                                                          

TABLE 1 

VARIABLE DEFINITION AND DESCRIPTIVE STATISTICS (SAMPLE 

SIZE = 10058) 

 

Variable Propor

-tion 

of 1’s 

Mean Std. 

Dev. 

(SD) 

Number of children ever 

born in a family 

 

 2.88 2.07 

Has electricity 0.526   

Has Television 0.374   

Age at marriage  15.39 2.86 

Partner’s education level 0.397   

Place of residence 0.379   

Literacy of the respondent 0.667   

Religion of the respondent 0.902   

Contraceptive use 0.521   

 
The generalized Poisson regression model (1) is a gen-

eralization of the standard Poisson regression (PR) model. 
When 0=α  the probability mass function in (1) reduces 
to the PR model and then 

which means equidispersion. 
In practical applications, this assumption is often not 

true since the variance can either be larger or smaller than 
the mean. If the variance is not equal to the mean, the 
estimates in PR model are still consistent but not efficient, 
which lead to the invalidation of inference based on the 
estimated standard errors.  

For 0>α , )|()|( iiii xYExYV >  and the generalized 
Poisson regression (GPR) model in (1) represents over-
dispersed count data. For 0<α , )|()|( iiii xYExYV <  

 ),|()|( iiii xYVxYE =
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and the GPR model in (1) represents under-dispersed 
count data. In (1), α  is called the dispersion parameter 
and can be estimated simultaneously with the coefficients 
in the GPR model (1).  

To estimate ),( αβ in the GPR model (1), we need the 

log-likelihood function of the GPR model, that is,                                                          
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The maximum likelihood equations for estimating α  
and β  are obtained by taking the partial derivatives and 
equating to zero. Thus we get 
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Substituting )exp( βµ ii x= , Eq. (2) becomes  
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By using an iterative algorithm equations (2), (3) and (4) 

are solved simultaneously. The final estimate of β  from 

fitting a Poisson regression model to the data is used as 

initial estimate of β  for the iteration process. The initial 

estimate of α  can be taken as zero or it may be obtained 

by equating the chi-square statistic to its degrees of free-
dom. This is given by  
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When 0<α  (the case of under dispersion), the value 

of α  is such that 01 >+ iµα  and 01 >+ iyα , 
i.e., ))max(/1,)(max/1(min ii y−−> µα , as re-
quired in equation in (1). An R-program is used to solve 
Eqs. (2), (3), and (4) simultaneously. 
                   

3.1 Goodness-of-fit and model comparison 

When more than one regression models are available for a 
given data set, one can compare performance of alterna-
tive models based on some measures of goodness-of-fit. 
Several measures of goodness-of-fit have been proposed 
in the literature. One commonly used measure is the 
Akaike information criterion AIC, which is defined as  

KAIC +−= l  

where l is the log-likelihood value of the estimated mod-

el and K is the number of estimated parameters. The 

smaller is the AIC, the better is the model. 

Merkle and Zimmermann also suggested several Pseudo-
2R  measures. One of these statistics is defined as  
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GR  measures the explained maximum possible increase in the log-likelihood. 
 

 

TABLE 2 

DETERMINANTS OF HOUSEHOLD FERTILITY: COMPARISON BETWEEN POISSON AND GENERALIZED POISSON REGRESSION  

MODELS. 

1 VARIABLE POISSON REGRESSION  (PR)  GENERALIZED POISSON REGRESSION (GPR) 

ESTIMATES STANDARD 

ERROR (SE) 
−t VALUE  ESTIMATES STANDARD ERROR 

(SE) 
−t VALUE 

I…NTERCEPT 0.3364 0.0707 4.76  0.3071 0.0451            6.81 

HAS_ELEC -0.0254 0.0154 -1.65  -0.0391 0.0201          -1.95 

HAS_TV -0.0872 0.0163 -5.35  -0.095 0.0256          -3.71 

AGE_MAR -0.0472 0.0024 -19.67  -0.0534 0.0105           -5.09 

PAT_EDU -0.1167 0.0144 -8.1  -0.1199 0.0195           -6.15 

RESI -0.0655 0.0138 -4.75  -0.0639 0.0215           -2.97 

EDU -0.0723 0.01378 -5.25  -0.0845 0.0159           -5.31 

RELIGION 0.1135 0.0213 5.33  0.1096 0.0302            3.63 

CON_USE -0.1466 0.0119 -12.32  -0.1843 0.0185           -9.96 

α                                                                  0.0627 0.0021 29.85 

 

 

 

3.2 Test for Dispersion 

The generalized Poisson regression model reduces to the 
Poisson regression model when the dispersion parameter 
α  equals to zero. To assess justification of using GPR 
model over the PR model, we test the hypothesis 

0:against0: 10 ≠= αα HH                                       (6) 

                                                
The test of  0H  in (6) is for the significance of the disper-
sion parameter. Whenever 0H is rejected, it is recom-
mended to use the GPR model in place of the PR model. 
To carry out the test in (6), one can use the asymptotically 
normal Wald type “ t ” statistic defined as the ratio of the 
estimate of α  to its standard error. Another way to test 
the null hypothesis of α equals to zero is to use the like-
lihood ratio statistic, which is approximately chi-square 
distribution with one degree of freedom when the null 
hypothesis is true. Both the likelihood ratio test and the 
Wald type “t” test are asymptotically equivalent. 

 

 

4. RESULTS AND DISCUSSION  

Both Poisson regression (PR) and generalized Poisson 
regression (GPR) models are estimated using sample da-
ta. Table 2 represents the parameter estimates, their 
standard errors, and t -value. Table 3 presents several 
measures of goodness-of-fit including Pearson’s chi-
square, deviance, AIC and  

2

GR . 
 

TABLE 3: 

GOODNESS-OF-FIT TEST MEASURE 

GOODNESS-OF-FIT 

MEASURES 
PR 

 

GPR 

 

PEARSON’S    CHI-SQUARE 7486.13 7571.00 

 DEVIANCE 72935.10 13493.69 

  AIC 25988.93 17929.04 

RG

2
 0.3079 0.4608 
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We note from table 2 that the estimate of dispersion pa-
rameter using GPR model is positive indicating over-
dispersion. The asymptotic t -statistics for testing the null 
hypothesis 0:0 =αH  is significant ( −t value = 29.85). 
The dispersion parameter α  is significantly different 
from zero. So the PR model is not appropriate for this 
data since we reject the null hypothesis 0:0 =αH . From 
table 3, the generalized Poisson regression model is pre-
ferred to the Poisson regression model based on all four 
goodness-of-fit measures: Pearson’s chi-square, deviance, 
AIC and

2

GR . For example, the generalized Poisson re-
gression model has a smaller deviance value (13493.69) 
than the deviance value (72935.10) of the standard Pois-
son regression model. The value of Pearson’s chi-square 
is 7571.00 for generalized Poisson regression model, 
whereas it is 7486.13 for the Poisson model, which indi-
cates that modeling over-dispersion data using the GPR is 
more appropriate than the PR model. 

The parameter estimates are almost similar for both 
Poisson regression and GPR models. This is expected 
since estimates from both models are consistent. The re-
sults from table 2 show that the standard errors of esti-
mates from PR model are under estimated because the PR 
model does not consider the over-dispersion exhibited by 
the data. In this case the standard errors of the estimates 
from GPR are more accurate since it considers the over-
dispersion showed by the data. Therefore, the t -statistic 
for testing the significance of the parameter estimates is 
upward biased for Poisson regression model.  

   From the results in table 2, the coefficient of partner’s 
education and respondent education are negative and 
significant. These imply that households with educated 
parents have fewer children. Also the explanatory varia-
bles have electricity and TVs are significant and are in-
versely related to the family size. This is expected because 
households are aware about the problem of more children 
through the different TV programs about population 
problem.  

The effect of place of residence (1 = Urban, 0 = else) on 
family size is negative and significant. The urban people 
prefer less number of children in the family. The variable 
Religion (1 = Islam, 0 = otherwise) has positive effect on 
family fertility decision and statistically significant. Con-
traceptive use (1 = yes, 0 = no) has negative effect on 
number of children in a family and us significant. The 
variable age at first marriage has negative coefficient in 
the fitted model which implies that the number of chil-
dren in a family decreases as the value of age at first mar-
riage increases. 

 

 

5. SUMMARY 

In this paper, we have described nonlinear regression 
techniques (namely, generalized Poisson regression and 
Standard Poisson regression) appropriate for the analysis 
of number of children in a household of Bangladesh. It 
has been shown that when over-dispersion exists in the 
data generalized Poisson regression model gives better 
fits than standard Poisson regression model. Several 
goodness-of-fit techniques and asymptotic t -test for 
over-dispersion imply that the generalized Poisson re-
gression model is more appropriate for the data about the 
number of children in a household for Bangladesh.   
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