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INTRODUCTION

The operators of gas processing plants (GPPs) face 
many challenges.  At the plant inlet, several gas streams 
with different ownerships are mixed as a feedstock to 
the GPP.  As a result, the feedstock compositions vary 
continuously.  The feedstock comes in two types:  1) 
feed gas (FG) and 2) feed liquid (FL).  The FG may be 
lean or rich depending on the quantity of natural gas 
liquids (NGLs).  Lean FG is preferable if sales gas (SG) 
production is the main basis of a contract scenario. 
On the other hand, rich FG and higher FL intake 
may improve the GPP margin due to the increase in 
NGLs production.  However, this comes at the cost of 
operating a more difficult plant.  The GPP needs to 
obtain a good balance between smooth operation 
and high margin.

At the plant outlet, the GPP encounters a number of 
contractual obligations with its customers.  Low SG 
rate and off-specification NGLs will result in penalties. 
Unplanned shutdown due to equipment failure may 
also contribute to losses.  These challenges call for 
the installation of advanced process control (APC).  A 
feasibility study on the APC implementation may be 
performed based on a dynamic model.  This model 
acts as a virtual plant.  This way, the duration of the 
feasibility study will be shortened and the risk of 
interrupting plant operation will be substantially 
reduced.

Simulation based on the first principles steady-state 
and dynamic models have been recognised as a 
valuable tool in engineering.  Successful industrial 
applications of the first principles simulation are 
aplenty. Alsop and Ferrer (2006) employed the 
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dynamic model of a propane/propylene splitter in 
HYSYS to skip the plant step testing completely.  
DMCPlus was used to design and implement the 
multivariable predictive control (MPC) schemes in 
the real plant. In another case, Gonzales and Ferrer 
(2006) changed the control scheme of depropanizer 
column based on a dynamic model.  The new scheme 
was validated and found to be more suitable for APC 
implementation in the real plant.  Several refinery cases 
are also available.  For examples, Mantelli et al. (2005) 
and Pannocchia et al. (2006) designed MPC schemes 
for the crude distillation unit (CDU) and vacuum 
distillation unit (VDU) based on dynamic models.

The previous works above demonstrate that dynamic 
simulation models can be utilized as an alternative to 
the empirical modeling based on step testing data. 
This way, the traditional practice of plant step testing 
to obtain the dynamic response may be circumvented 
prior to designing and implementing MPC.  Worries 
about product giveaways or off-specifications may 
then be a thing of the past.  In addition, the first 
principles simulation model may also be utilised to 
train personnel and troubleshoot plant problems 
offline.  In the current work, the steady-state and 
dynamic models of an actual refrigerated gas plant 

(RGP) are developed under HYSYS environment.  The 
steady-state model is initially calibrated with the plant 
data to within 6% accuracy.  This is used as a basis for 
the development of the dynamic model of the RGP, 
which is the main objective of this paper.  Finally, the 
regulatory controllers are installed to stabilize the 
plant operation and to maintain product quality.

SIMULATION

The refrigerated gas plant (RGP) is simulated under 
HYSYS 2006 environment (Figure 1). The feed comes 
from three streams 311A, 311B and 311C with the 
following compositions (Table 1).

The thermodynamic properties of the vapors and 
liquids are estimated by the Peng-Robinson equation 
of state. Details of the process description have been 
described by Yusoff et al. (2007). The steady-state RGP 
model has high degree of fidelity with deviation of 
less than 6% from the plant data.  This is an important 
step prior to transitioning to dynamic mode.

Once the steady-state model is set up, three additional 
steps are required to prepare the model for dynamic 
simulation.  The steps are equipment sizing, specifying 

Figure 1.  HYSYS process flow diagram of the RGP. Equipment’s abbreviation: E=heat transfer unit (non-fired); S=separator; 
KT=turboexpander; K=compressor; P=pump; C=column; JT= Joule-Thompson valve; RV=relief valve. Controller’s abbreviation: FC=flow; 
TC=temperature; LC=level; SRC=split range; SC=surge; DC=digital on-off; SB=signal block.



87

Technology Platform:  SYSTEM OPTIMISATION

 VOLUME Six NUMBER twO  jULy - dEcEMBER 2008  PLATFORM

pressure-flow relation at the boundary streams and 
installing the regulatory controllers.  In the first step, 
all unit operations need to be sized accordingly.  Plant 
data is preferable to produce a more realistic dynamic 
model.  In HYSYS, an alternative sizing procedure may 
be used. Vessels such as condensers, separators and 
reboilers should be able to hold 5-15 minutes of liquid.  
The vessel volumes may be quickly estimated by 
dividing the steady-state values of the entering liquid 
flow rates from the holdup time.

For a column, only the internal section needs to be 
sized.  This is accomplished by specifying the tray/
packing type and dimensions.  The tray must be 
specified with at least the following dimensions:  1) tray 
diameter,  2) tray spacing,  3) weir length, and  4) weir 
height.  For a packed column, there are a number of 
packing types to choose from.  Most of the packing 
comes with the pre-specified properties such as void 
fraction and surface area.  The minimum dimension 
need to be entered is the packing volume or packing 
height and column diameter.

For heat exchangers, each holdup system is sized 
with a k-value.  This value is a constant representing 
the inverse resistance to flow as shown in Equation 1 
(Aspentech, 2006):

PkF ∆= (1)

where,
F = mass flow rate (ton∙h−1)
k = conductance (ton∙h−1 ∙ bar−0.5)
∆P = frictional pressure loss as calculated by Darcy-
Weisbach equation (bar)

The k-value is calculated using the converged solution 
of the steady-state model.  For practical purposes, 
only one heat transfer zone is required for the simple 
cooler (E-102) and the air-cooler (E-106).  The E-102 
is supplied with the duty obtained from the steady-
state model and E-106 is equipped with two fans. Each 
fan is designed to handle 3600 m3/h of air at 60 rpm 
maximum speed.  The simulation of cold boxes is 
more challenging as they are modeled as LNG heat 
exchangers. Sizing is required for each zone and layer. 
Again for practical purposes, the number of zones in 
the cold boxes is limited to three.  In each zone, the 
geometry, metal properties and a few sets of layers 
must be specified.  The overall heat transfer capacities 
(UAs) and k-values are estimated from the steady-state 
solution and specified in each layer.

Equipment with negligible holdup is easily modeled. 
For example, the dynamic specification for a mixer is 
always set to ‘Equalize all’ to avoid backflow condition. 
The flows of fluid across valves are governed by an 
equation similar to Equation 1.  Here, the k-value is 
substituted with the valve flow coefficient, Cv.  The 
valve is sized with a 50% valve opening and 15-30 kPa 
pressure drop at a typical flow rate.

The rotating equipment such as pumps, compressors 
and expanders may be simulated in a rigorous 
manner.  The main requirement is the availability of 
the characteristic curve of the individual equipment.  
The characteristic curves need to be added at the 
‘Rating-Curves’ page in order to enhance the fidelity of 
the dynamic model.  An example of the characteristic 
curves for K-102 is illustrated in Figure 2.

The compressors and turbo expanders may also 
be modeled based on the steady-state duty and 
adiabatic/polytropic efficiency specifications.  For 
pumps, only the power and static head are required. 
This simplification is recommended to ease the 

Table 1.  Compositions of feed gas at different streams

Component 311A 311B 311C

Methane 0.8865 0.7587 0.6797

Ethane 0.0622 0.0836 0.1056

Propane 0.0287 0.0535 0.0905

i-Butane 0.0102 0.0097 0.0302

n- Butane 0.0059 0.0194 0.0402

i-Pentane 0.0003 0.0058 0.0121

n-Pentane 0.0002 0.0068 0.0101

n-Hexane 0.0001 0.0002 0.0028

Nitrogen 0.0039 0.0043 0.0012

Carbon Dioxide 0.0020 0.0580 0.0276
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transitioning from steady-state to dynamic mode or 
to force a more difficult model to converge easily.  In 
the current work, K/KT-101 are modeled in this manner 
since their characteristic curves are unavailable.  In 
contrast, K-102, P-101 and P-102 models are based on 
the characteristic curves.

The second step in developing a dynamic model is 
to enter a pressure or flow condition at all boundary 
streams.  This pressure-flow specification is important 
because the pressure and material flow are calculated 
simultaneously.  Any inconsistency will result in 
the ‘Integrator’ failure to converge.  In addition, the 
compositions and temperatures of all feed streams 
at the flowsheet boundary must be specified.  The 
physical properties of other streams are calculated 
sequentially at each downstream unit operation 
based on the specified holdup model parameters (k 
and Cv). In the current simulation work, all boundary 
streams are specified with pressure values.  The feeds 
enter the RGP at 56.0 barg.  The exiting streams are 
the NGLs stream at 28.5 barg and the SG stream at 
33.5 barg.  The flow specification is avoided since the 
inlet flows can be governed by PID controllers and 
the outlet flows are determined by the separation 
processes in the RGP.

The final step is the installation of regulatory 
controllers. In most cases, base-layer control is 
sufficient.  However, more advanced controllers such 
as cascade, split range and surge controllers are also 

installed to stabilize the production.  The discussion 
of the plant control aspects is the subject of next 
section.

CONTROL PHILOSOPHIES

The control of plant operations is important to meet 
product specifications and to prevent mishaps.  Due 
to space constraints, only main control philosophies 
are discussed in this section.  The first loop is the TC-
101 PID controller as shown in Figure 1.  The purpose 
of this loop is to control Stream 401 temperature 
and indirectly the plant overall temperature.  This is 
accomplished by regulating the cooler duty, E-102Q 
through a direct action mode.  Stream 401 temperature 
is set at 37 °C to prevent excessive FG condensation 
into the first separator (S-101).

In the event of excessive condensation, the S-101 level 
is regulated by a cascade controller.  The primary loop 
(LC-101) controls the liquid level in the separator, which 
is normally set at 50%.  This is achieved by sending a 
cascade output (OP) to the secondary loop (FC-102). 
The FC-102 acts in reverse mode to regulate Stream 
402 flow between 0 and 60 ton/h.

The magnitude of RGP throughput is controlled by 
the pressure of second separator (S-102).  The S-102 
pressure is regulated by the inlet vanes of KT-101 and 
the by-pass Joule-Thompson (J-T) valve as per split 
range operation (SRC-101).  For example, the S-102 
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Figure 2.  The K-102 characteristic curves
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pressure is remotely set by FC-101 to decrease from 
52.1 to 51.7 bar (SRC-101 PV) in order to increase the 
throughput from 280 to 300 ton/h (FC-101 SP).  At 
the same time, the SRC-101 OP increases from 37 to 
40% opening up the KT-101 inlet vanes to 80% while 
keeping the J-T valve fully close.  The schematic of this 
loop is illustrated in Figure 3, the SRC-101 split range 
set up in Figure 4 and the close-loop response to a 
throughput step up in Figure 5.

Another important controller is PC-101, which 
regulates the C-101 top pressure (Ptop) by varying the 
K-102 speed.  This loop provides the means for 
changing the RGP operation from ethane (C2) 
to propane (C3) recovery mode or vice-versa. 
An example of the close-loop response to the 
change from C3 to C2 mode is shown in Figure 
6.  The C-101 overhead is initially at 24 barg and  
-83.0 °C.  To recover more C2, the column pressure 
is decreased to 22 barg.  If all else remain the same, 
this action causes the C-101 top temperature (Ttop) to 
reduce to -86.4 °C and C2 composition in the SG to 
reduce from 2.72 to 2.35 mole %.  The downstream 
effects can be seen at both suction and discharge 
sides of K-102.  Lowering the C-101 Ptop will reduce the 
K-102 suction pressure (Psuct) from 25.0 to 23.5 bar. 
Consequently, the K-102 speed needs to be increased 
from 5 684 to 6 352 RPM in order to obtain a discharge 
pressure of 33.7 bar.  The increase in K-102 speed causes 
its discharge temperature (Tdisc) to also increase from 
40.6 to 60.2 °C.

Figure 3.  Plant throughput control

Figure 4.  SRC-101 split range setup

Figure 5.  Response to throughput step up
Figure 6.  Effect of C-101 Top Pressure
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The importance of regulatory control in meeting 
product specification is illustrated in Figure 7.  Here, 
the methane composition in feed changes from 
88.7 to 80.6% at the time when TC-101 is offline but 
other controllers remain online.  As a result, stream 
401 temperature (TC-101 PV) increases from -38.0 to 
-23.8 °C.  This causes the C-101 top temperature to 
increase from -86.3 to -66.9 °C.  A hotter top section 
of C-101 induces methane losses to the bottom of the 
column as confirmed by the decrease in SG methane 
composition from 96.9 to 91.5%, or by 5.4%.

CONCLUSIONS

A simulation model of refrigerated gas plant (RGP) was 
successfully developed.  The dynamics of the RGP was 
simulated based on a high fidelity steady-state model. 
Controllers are installed to regulate plant operation 
and to stabilize production.  The dynamic model can 
be used as a virtual plant for performing advanced 
process control (APC) studies.
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ABSTRACT

Curve framing has numerous applications in computer graphics.  Commonly used curve framing techniques such 
as the Frenet frame, parallel transport frame and ‘up-vector’ frame cannot handle all types of curves.  Mismatch 
between the technique used and the curve being modeled may result in the extruded surfaces being twisted 
or an object erratically rotating while flying.  We propose an interactive approach to curve framing.  The user 
selects a ‘twisted’ portion of the curve and untwists it accordingly, as required by its specific application needs. 
The technique works fine as per user’s wish. 

Keywords: Curve framing, Frenet frame, parallel transport frame.
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INTRODUCTION

Curve framing is the process of associating coordinate 
frames to each point on a three-dimensional space 
curve.  This can be depicted as in Figure 1, where a 
number of local Cartesian coordinate frames are 
drawn on a curve. This is very useful when one needs 
to treat a coordinate locally, rather than globally.  It has 
numerous applications in computer graphics, such as 
in the construction of extruded surfaces (Figure 2), 
providing the orientation of flying objects (Figure 3) 
and visualisation during a fly-through. 

Figure 1:  Some local frames on the spine    

Figure 2:  Extruded surface from a curve

Figure 3:  Flying along a 3D path
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In these applications, frame orientations are essen- 
tially calculated based on the curve itself.  A few 
approaches commonly employed in these applications 
are the Frenet, parallel transport, ‘up-vector’ and 
rotation minimising frames [6, 7].  Having figured 
out the frames, the necessary points (or vectors) to 
construct the surface or orient an object can be easily 
obtained. While these approaches have been very 
useful, not all can successfully address all types of 
curves.  At times, the inherent nature of a curve causes 
‘twists’ to occur, giving distorted  extruded surfaces or 
an object flying in a twist.  This paper looks at some 
of the problems with some of these approaches and 
proposes an interactive technique to address the 
issue.

THE FRENET FRAME

A Frenet frame for a curve C(t) is formed by a set of 
orthonormal vectors T(t), B(t) and N(t) where

)('

)('
)(

tC

tC
t =T  is tangential to C(t), 

)('')('

)('')('
)(

tCtC

tCtC
t

×
×=B  is the binormal and 

)()()( ttt TBN ×=  is the “inner” normal, 

i.e., on the osculating circle side of the curve [2, 5] 
(Figure 4a).  A portion of the extruded surface of 
a curve is depicted in Figure 4.  Depending on the 
curve, it can be seen that at some point on the curve, 
i.e., near the point of inflection, the frame starts to 
twist (Figure 4b, ),3sin,5(cos)( ttttC = ), while on  
another, there are no twists at all (Figure 4c, 

)0,sin,(cos)( tttC =  ).  The twist occurs because the 
inner normal now starts to “change side”.

Another problem may also occur when the second 
derivative of )(tC  vanishes, i.e., on a momentary 
straight line [4].  This is clear from vector )(tB  as 

)('' tC  would be identically 0 for a straight line.

Figure 4:  A Frenet frame (a) and extruded surfaces by Frenet 
frames, twisted (b) and untwisted (c)

Figure 4 (a)

Figure 4 (b)

Figure 4 (c)
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PARALLEL TRANSPORT FRAME

Parallel transport refers to a way of transporting 
geometrical data along smooth curves.  Initial vectors 
u and v, not necessarily orthogonal, are transported 
along the original curve by some procedure to generate 
the other two parallel curves as in Figure 5 [4].  Hanson 
and Ma [4] showed that the method reduced twists 
significantly.  In another similar application, Bergou 
et al. successfully used parallel transport frames in 
modeling elastic discrete rods [1].  Despite generating 
good extruded surfaces, the method may not meet 
requirements for a fly-through.

‘UP-VECTOR’ FRAME

Another method that could be applied to avoid twists 
is to use the ‘up-vector’ [3].  In this approach, view the 
frames similar to Frenet’s, with iT ’s, iB ’s and iN ’s, 
moving along the curve.  Without loss of generality, 
assume y-axis as the global vertical coordinate.  Then 
find the unit ‘radial’ vector in the unit circle (spanned 
by the vectors iB ’s and iN ’s) that gives the highest 
y-coordinate value (Figure 6a).  The frame is then 
rotated about iT  until iN  coincides with the ‘radial’ 
vector. 

While this approach works on many curves, e.g., as 
in Figure 6b, it fails when the curve is momentarily 
vertical or abruptly tilts the opposite ‘side’ (Figures 6c 
and d). 

Applications-wise, this technique corrects the twists in 
extruded surfaces or a walkthrough for many curves. 
However, it may not be realistic when simulating fast-
moving objects, e.g., airplanes, due to issues such as 
inertia and momentum during flight [8]. 

Figure 5:  Parallel curves

Figure 6:  ‘Up-vector’ construction and its problems

Figure 6a

Figure 6d

Figure 6b

Figure 6c
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Figure 7:  Roll

UNTWISTINg THE TWISTS, INTERACTIVELY

Despite good extruded surfaces produced by parallel 
transport and ‘up-vector’ frames, the techniques may 
not have intended effects for graphics applications 
such as a fly-through.  In such a case, user interactions 
are desirable to make rolling more reasonable during 
flights (Figure 7).  This is to adjust or correct the object 
orientation using the user’s common sense.  As such, 
one would like to be able to interactively control the 
twists. 

In this study’s approach, a simple method employed 
was by iteratively generating the frames based on 
any three successive points on the curve (Figure 8) 
and applying it on a plane flight trajectory.  Given 
three points A, B and C, the normal vector to the 
plane parallel to ∆ABC, q, is easily calculated using 

the coordinates of the points.  The tangential vector 
is crudely approximated by p = C – A and the ‘inner’ 
normal r by the cross product q × p.  Following this 
method, the frames were still subject to twists.  
Twists were eliminated by employing the ‘up-vector’ 
procedure (Figure 9).  The choice for this was fairly 
clear, as in most applications an object set to fly will 
begin in an up-right position.  Furthermore it was a 
better perspective to set the twist.  Looking at the 
whole picture of the curve, the where and how to 
twist or untwist the curve (Figure 9) were identified.  
The corresponding plane orientation with respect to 
the extruded surface in Figure 9 is shown in Figure 
10.  Upon identification of the intervals, each could be 
twisted and untwisted piece-wise.  At position I, for 
example, the plane should have more roll compared 
to that in Figure 10 due to the plane speed and path 
curvature. 

Figure 8:  Generating the frames

Figure 9:  ‘Up-vector’ results Figure 10: Flight orientation (‘up-vector’)
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The twisting was achieved by rotating the frame for 
each increment about the local tangential axis.  The 
result of such operation is shown in Figure 11, with the 
plane flying along the path, rolling according to the 
new orientation.  It should be noted that the purpose 
of the dark band on the extruded surfaces in Figure 9 is 
to visualise the twist on the curve while the flight path 
is the curve itself (Figures 10 and 11).  At the instance 
when the dark band is up, the plane is upright, and 
when the band is below the curve, the plane is upside 
down.  Figure 11 shows the plane flying orientation 
at positions I, J and K after the user has adjusted the 
twists in the curve as per his perception.

CONCLUSIONS

Most available methods to curve framing yield 
acceptable results in generating extruded surfaces. 
While parallel transport and ‘up-vector’ frames 
generally work well in these cases, they may not be 
adequate to model a fast fly-through.  This study 
proposed an interactive approach to address the 
issue.  The approach does away with the physics of 
flight and relies on user’s insight of flight trajectory. 
The approach lets the user fine-tune the way a fast-
moving object should roll about its axis.  This is 
necessary in this kind of applications because unless 
the necessary physics is embedded in the model, the 
Frenet, parallel transport and ‘up-vector’ methods 
previously discussed may overlook the roll problem.
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ABSTRACT

A Student Industrial Internship Web Portal (SIIWP) was developed to automate the current manual business 
processes.  The portal allowed internship eligibility checking, registration, student-lecturer assignment, visit 
schedule, online-logbook submission and monitoring as well as grade book of industrial internship programme 
at Universiti Teknologi PETRONAS.  PHP 5, Easy PHP 2.0, Macromedia Dreamweaver MX 2004, MySQL Database 
and Apache Web Server were used to develop SIIWP.  Phased development model was used in the development 
process by applying business process improvement technique.  Findings showed that the prototype could be 
used as a communication medium for all parties involved during the industrial internship programme.  The 
System could be easily used as an aid for the internship programme.

Keywords:  Industrial internship, web portal, business process improvement, phased development model, business 
process

INTRODUCTION

Student Industrial Internship Programme (SIIP) is part 
of the curriculum for most higher learning institutions 
worldwide.  Its main purpose is to expose students 
to a real working environment and relate theoretical 
knowledge with applications in the industries.  The 
objectives are to produce well-rounded graduates 
who possess technical competence, lifetime learning 
capacity, critical thinking, communication and 
behavioural skills, business acumen, practical aptitude 
and solution synthesis ability [1].  Issues such as, long 
distance learning, communication, monitoring and 
management arise as crucial to ensure the success of 
the programme. 

The SIIP is a thirty-two-week programme where 
Universiti Teknologi PETRONAS (UTP) students 
are attached to various companies in or outside 
Malaysia.  The purpose of SIIP is to expose UTP 

students to the world of work, thus they are able 
to relate theoretical knowledge with application 
in the industry.  Furthermore, SIIP can enhance the 
relationship between UTP and the industry and/or the 
government sector.  The Student Industrial Internship 
Unit (SIIU) is responsible for handling and monitoring 
the process of students’ internship in UTP. SIIU is 
responsible for internship processes from student 
application to checking students’ eligibility status, 
internship placement application and confirmation, 
lecturer visit scheduling and grading.  Many problems 
arise since all processes are still been done manually, 
such as missing data and redundancy, delay in the 
grading process, communication problems and most 
crucial is student monitoring.  Currently, by telephone 
and email are the main methods of communication 
which have imposed many problems, e.g. update to 
all students has to be approached individually and 
resulted in high cost of communications. 

This paper was presented at the International Symposium on Information Technology 2008, Kuala Lumpur 

26 - 29 August 2008
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The main objective of this project is to develop a 
prototype of Student Industrial Internship Web Portal 
(SIIWP) that automates current manual processes to 
reduce possible problems in communication, data 
loss and redundancy.  It makes monitoring, instructor 
assignment and scheduling, grading and reporting 
easy and to a greater extent, error free.

RELATED WORKS

Distance Learning

The SIIP refers to the placement of students on a 
spread of locations for implementing their knowledge 
or having practicals in the real industry sector [2]. 
Thus, the distance learning concept is actually being 
implied in the context of SIIU.

Distance Learning and the WWW Technologies

The popularity of the World Wide Web (WWW) 
has made it a prime vehicle for disseminating 
information[3].  The advance of WWW technologies 
has driven the usage of Internet to new applications 
and at an unprecedented rate.  Education institutions 
have/had developed and/or migrated to web-based 
applications in overcoming the distant learning issue 
and to provide better services for their users, i.e. 
students and teachers.

Web-based System

A web-based application is an application that is 
accessed with a web browser over a network such 
as the Internet or an intranet [4].  The web-based or 
automated system provides far more efficiency in 
processing any task domain especially for a system 
that involves a lot of data collection and retrieval [5]. 
Web-based systems should meet its stakeholders’ 
(users’) requirements and expectations.  Thus, web-
based applications should be developed on-top of a 
carefully studied business process of the organisation 
in which it is to be deployed.

The research project will apply a similar strategy, that 
is, to create a web-based system built based on the 

current business process of SIIU.  A web portal would 
be the most appropriate web-based system for SIIU. 

Web Portals

A web portal serves as a starting point when users 
connect to the Internet, just like a doorway to web 
services that guide users to the right information they 
need[6].  A web portal is defined as a site that provides 
a starting point for users to explore and access 
information on the WWW or intranet.  This starting 
point could be a general purpose portal or it could be 
a very specialised portal, such as a homepage [7]. 

According to  Strauss [8], a common way is to divide 
web portals into two categories:

a)   Horizontal Portal – A horizontal portal is an 
internet portal system that is open to the public 
and is often considered as a commercial site.  
Most horizontal portals offer on a single web page 
a broad array of resources and services that any 
user may need.  Examples of horizontal portals: 
Yahoo!, MSN.

b)  Vertical Portal – A vertical portal is a web site that 
provides information and services as defined and 
requested by users.

Strauss also mentioned that a true portal should be:

1)  Customised – A true portal is a web page whose 
format and information content are based on 
information about the user stored in the portal’s 
database.  When the user authenticates (logs in) 
to the portal, this information determines what 
the user will see.

2)  Personalised – The user can select and store a 
personal set of appearance content characteristics 
for a true portal.  These characteristics may be 
different for every user.

3)  Adaptive – The portal gets to “know” the user 
through information the user supplies and through 
information the portal is programmed to gather 
about the user.  As the user’s role in the institution 
changes, a true portal will detect that change and 
adapt to it without human intervention.
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4)  Desktop-Oriented – The goal of a portal is to mask 
the inner workings of the campus information 
systems from the user.  Signing-on into the portal 
keeps a user from having to sign each of the many 
systems, on campus and off, that provide the 
portal content.  The ultimate portal could become 
the user’s point of entry not just into campus and 
internet web spaces, but also into his or her own 
desktop computer.

The web portal developed for SIIU falls into the second 
category – vertical portal.  The web portal allowed 
users to access related information with customised 
functionalities that meet the users’ requirements. 
Web portals have been a successful support system 
in education institutions.  Thus, many education 
institutions have/had been implementing vertical 
portals:

1)  The Universiti Teknologi PETRONAS Information 
Resource Centre implemented a web-based 
system with an objective to ease the users’ task 
in finding the resources based on an indexed 
location and the staffs’ tasks by having an 
organised way of indexing.  The main reason why 
it is made available online is that its database is 
located in a remote location from its users.  The 
system’s functionalities are to search for the 
available resources and their indexes, to reserve 
discussion rooms, and to search for online journals 
from online journal providers [5]. 

2)  Indiana University is a large and complex 
institution consisting 8 campuses, over 92,000 
students, and 445,000 alumni.  The university 
created an enterprise portal to which faculty, 
staff, students, alumni, prospective students, 
and others will travel and uncover a broad array 
of dynamic web services.  “OneStart” (http://
onestart.iu.edu) provides a compelling place for 
faculty, staff, and students to find services with 
the intent of developing life-long campus citizens 
of the university [9]. 

Business Process

A Business Process is a complete and dynamically 
coordinated set of collaborative and transactional 
activities that deliver value to customer [10].  It is 
focused upon the production of particular products; 
these may be physical products or less tangible one, 
like a service [11].  A Business Process can also be 
defined in a simpler and more general description 
as a specific ordering of work activities across time 
and place, with a beginning, and an end, and with 
clearly identified inputs and outputs – a structure for 
action [12].  Essentially, there are four key features to 
any process (i) predictable and definable inputs, (ii) 
a linear, logical sequence or flow, (iii) a set of clearly 
definable tasks or activities, and (iv) a predictable and 
desired outcome or result.

Business Process Improvement (BPI)

The Business Process Improvement (BPI) method 
is used to identify the requirements of the ‘to-
be’ system.  BPI has been used in developing and 
implementing the prototype system.  BPI is defined 
as making moderate changes to the way in which 
the organization operates to take advantage of new 
opportunities offered by technology.  The objective 
of any BPI methodology is to identify and implement 
improvement to the process;  thus BPI can improve 
efficiency and effectiveness[13].  The scope of BPI 
compared to Business Process Reengineering (BPR) is 
narrow and short term [12]. 

INDUSTRIAL INTERNSHIP BUSINESS PROCESS

Industrial Internship business process is divided into 
3 major phases namely Pre-industrial Internship; 
During-industrial Internship and Post-industrial 
Internship.  Figures 1, 2 and 3 show the 3 major phases 
of the industrial internship business process. 
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PROBLEM IDENTIFICATION

Currently, the system is working manually.  However, 
number of problems and pitfalls has been increasingly 
arising and causing some deficiencies in the system. 
Some of the problems in the current manual system 
are: 
	Manual and time consuming process of student’s 

eligibility status identification due to manual cross 
checking process. 

	Manual students registration for industrial 
internship by filling up a paper form require SIIU 
staff to key-in the students particular and contact 
details in to the excel spreadsheet.  This poses 
problems such as data error due to human error 
as well as too time-consuming.

	Difficulties and ineffective method in 
communicating with the students since all 
communications are by telephone and email. 

	 Loss of students’ placements applications, resume 
and other important documents due to too many 
papers and manual process involved. 

 

Start

SIIU give briefing to students 

Students submit form to check eligibility

Student register for internship 

SIIU check the 
Not 
eligible 

End 

Submit applications and resume to SIIU 
& potential host company

Receive offer of placement  

Placement offer Notification 

End 

Figure 1.  Phase 1 pre-internship

Start 

List of students forwarded to coordinator 

SIIU Make 
confirmation with  

SIIU confirms the visit schedule  

SIIU inform respective lecturers of visit 
schedule 

Visiting lecturer submit report for 1st visit 
and students’ marks for 2nd visit 

End

Not  
ok 

Students register at host companies

Students submit form and training  
schedule to confirm placement 

First & Second visit commence 

Figure 2.  Phase 2 during-internship

Start 

Student submit logbook  

Lecturers collect students’ Final 
Report & logbook From SIIU 

II coordinators key in students’  
marks and submit to SIIU 

End 

SIIU check the 
marks Not ok 

The complete marks (grades) 
forwarded to exam Unit 

Figure 3.  Phase 3 post-internship



100

Technology Platform:  APPLICATION OF INTELLIGENT IT SYSTEM

PLATFORM   VOLUME Six NUMBER twO  jULy - dEcEMBER 2008

	Manual system using Microsoft Excel and Word 
provide limited features just for entering, searching 
and printing the data. 

	 There is no efficient way to notify the status of 
placement, post announcement and update the 
placement of internship.

	 The manual system only supports two computers 
with a centralise database.  As a result, it has 
limited the ability to access of  information. 

	All the business processes depends mostly on the 
one person who knows the processes.  Others 
have difficulty to interrupt in order to complete 
the process. 

	Difficulty in monitoring the students’ progress 
and performances as the assigned lecturers to 
the lecturers usually receive and view the weekly 
report at the end of the programme.  Weekly 
report submission to UTP lecturers been done 
manually by fax or postal mail.  Hence, it may 
end up missing and may not reach the respective 
lecturers on time.

	Grade compilation and calculation that been done 
manually by individual lecturer supervisor always 
poses problem such as missing evaluation forms 
and delays in final grade submission.

Therefore, the new system (SIIWP) needed to be 
developed to automate and improve most of the 
manual processes to reduce errors and time, and to 
increase the efficiency in student monitoring and 
communications.

SIIWP DEVELOPMENT

The SIIWP automates and improves SIIU’s business 
process in conducting SIIP;  emphasising on efficiency 
and effectiveness.  The SIIWP serves the following 
objectives:

	 To closely monitor the students’ performances by 
allowing the SIIU and respective lecturers to view 
the students’ weekly reports online and ensure 
that the students are monitored closely in a timely 
manner.

	 To ease the task of scheduling the visits and 
assigning UTP Supervisors, and to assist in 

assigning the students to the respective lecturers, 
based on their programme of study and location 
of the host companies.  Besides, the lecturers 
can also view the list of students assigned under 
their supervision together with the name of host 
companies.  SIIU need neither to make calls to 
inform the lecturer nor the students about it.  This 
will reduce the workload of SIIU and make the 
process more organised.

	 To automatically calculate the final mark of 
students at the end of the internship programme 
once their marks have been entered into the 
system.  Besides preventing miscalculations, this 
type of task automation actually assists in freeing 
staff’s time and workload.

	 To generate specific reports based on certain 
criterion, such as the Host Company, location, 
programme of study and the supervisor for further 
references and analysis. 

The SIIWP is expected to create process improvements 
that lead to better effectiveness;  thus, the Business 
Process Improvement (BPI) analysis technique is used 
as the method for requirements analysis in identifying 
the critical business processes which need to be 
automated.  Basically, BPI means making moderate 
changes to the way in which the organisation 
operates to improve efficiency and improve 
effectiveness.  BPI projects spend significant time on 
understanding the current as-is system before moving 
on to improvements and to be system requirements. 
Duration analysis activities are performed as one of  
the BPI techniques[13].  The improved business 
process is more efficient whereby certain processes 
can be done concurrently and thus reduce the 
duration of the initial manual business process.

The SIIWP complies with the open source standards as 
SIIWP is developed using PHP5, XHTML, and JavaScript 
for the server-side scripting, Easy PHP 2.0, Macromedia 
Dreamweaver MX 2004 as the development tool and 
MySQL for the database.  The SIIWP is developed 
based on the phased development model.  Using the 
model, the project is divided into small parts. The most 
important and urgent features is bundled into the first 
version of the system. Additional requirements will be 
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added to the system in the next consecutive versions 
of the system.  The model allowed the development 
team to demonstrate results earlier on in the process 
and obtain valuable feedback from system users.  
There are 3 system version releases of SIIWP.  SIIWP 
version 1.0, version 2.0 and version 3.0 concentrates on 
pre-internship, during-internship and post-internship 
business processes respectively. Each version 
encompassed previous requirements and additional 
requirements.  Figure 4 shows the functionalities of 
SIIWP version 1.0, version 2.0 and version 3.0.

SIIWP SYSTEM ARCHITECTURE

The SIIWP adopted the combination of data-centred 
and client-server architectural model.  A client-server 
system model is organised as a set of services and 
associated server(s) and clients that access and use 
the services.  The server itself, or one of the server(s), 
contains a database where data are stored, thus it 
adopts data centred architecture.  Figure 5 illustrates 
the SIIWP system architecture.

SIIWP PROTOTYPE

The SIIWP consists of a main index portal (Main 
Portal) and 4 types of user personalised portals, 
namely: (i) Admin (Staff) Portal,  (ii) Student Portal, 
(iii) Lecturer Portal, and (iv) Coordinator Portal.  There 
are different types of users that can log on to the 
system with different level of access – student, SIIU 

staff (administrator), coordinator and lecturer.  When 
users log on to the system, they will be directed to 
their personalised portal.

Main Index Portal

The Main Index Portal is a point of access for all users 
of SIIWP.  It provides generic information that all users 
can access such as Announcement and Upcoming 
Events, Search Companies,  About Student Industrial 
Internship and Help. All Users can login to access 
their personalised portal from the Main Index Portal. 
Students are to register themselves to the system 
before a personaliszed portal is assigned to them. 
Before registering, students are required to check 
their eligibility status to undergo the SIIP.  Figure 6 
illustrates the SIIWP Main Index Portal.

SIIWP Version 1.0: 
Pre-Industrial Internship
1. Identify Eligibility Status
2. Register  to System
3. Track Application Process
4. Update & Retrieve Database
5. Report Generation

SIIWP Version 2.0: 
During-Industrial Internship
1. Confirmation of Placement
2. Schedule Visit
3. Monitor Student – weekly report online
4. Post Announcements

SIIWP Version 3.0: 
Post-Industrial Internship
1. Grade Student
2. View Grade

Figure 4.  SIIWP Functionalities

DBMS

Excel
Reader

Application
Tracker

Student
Monitoring Grading Post

Announcement
Company

Resource Centre

SIIWP Database

PORTAL

Figure 5.  SIIWP system architecture

Figure 6.  Main index portal
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Admin (Staff) Portal

The Admin (Staff) Portal is a personalised point of 
access for SIIU staff.  It contains generic information and 
personalised functionalities that are only accessible 
by staff:  Database Statistical Analysis, Database 
Tables and Upload Document.  Figure 7 illustrates the 
Admin (Staff) Portal.

Student Portal

The Student Portal is a personalised point of access 
for students; it contains generic information and 
functionalities that are only accessible by students: 
Application Status and Weekly Report Submission. 
The application status fuctionality allowed students to 
register their internship application(s) and update their 
application status into the system either: (i) Send CV/ 
Resume, (ii) Interview, (iii) Offer Letter, (iv) Accepted, 
and (v) Rejected.  This information was accessible for 
viewing by Lecturers and Staff;  hence they were able 
to monitor and provide assistance.  The Weekly Report 
Submission functionality enabled students to submit 
their report online and to generate (print) it. The 
weekly reports that were submitted online could be 
viewed by lecturers and staff.  This enabled Lecturers 
and staff to monitor and know student’s activities in 
the host company.  Figure 8 illustrates the Student 
Portal. 

Lecturer Portal

The Lecturer Supervisor Portal as shown in Figure 9 

is a personalised point of access for UTP Lecturers.  It 
contains generic information and functionalities that 
are only accessible by Lecturers: Grade Students and 
Supervise Students.  The Grade Students functionality 
enabled lecturers to grade students online by keying 
in the student’s grades into the system.  The system 
can automatically calculate students’ grade. The 
grade calculated can be viewed by staff and the 
respective student.  The Supervise Students function 
enabled Lecturers to view all students under his or her 
supervision.   

Coordinator Portal

The Coordinator Supervisor Portal is a personalised 
point of access for lecturers selected as SIIP 
coordinator in their respective department, it contains 
generic information and functionalities that are only 
accessible by Coordinators i.e. Schedule Lecturer 
Visits enabled Coordinators and SIIU staff to detemine 

Figure 7.  Admin staff portal Figure 8. Student portal

Figure 9.  Lecturer  portal
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the appropriate date for Lecturer’s 1st and 2nd visits. 
Figure 10 illustrates the Coordinator Portal.

TESTINg

To eliminate system faults, fault removal strategy was 
implemented in every system version development. 
Fault removal is basically a Validation and Verification 
(V&V) process;  checking and analysis process consists 
of requirements reviews, design reviews, code 
inspections, and product testing.  Table 1 summarises 
the testing conducted.

Acceptance testing was conducted for SIIWP System 
Version 3.0; 30 users (students, lecturers, and staffs) 
participated in the testing. The purpose of the 
acceptance testing was to check if the system has met 
with the functional and non-functional requirements 
defined in the requirements determination phase 
and if the system matched exactly or came closely 
matching users expectation. 

The acceptance test focused on 3 criteria: (i) user 
interface, (ii) user friendly navigation, and (iii) basic 
functionalities.  For the system to pass the acceptance 
test, at least 75% of test participants (22 participants) 
agreed that the system’s criteria under consideration 
met their expectations.  The acceptance test concluded 
that 90% of the test participants agreed that the user 
interface met their expectations, 85% of the test 
participants agreed that it had user-friendly navigation, 
and 78.3% of the test participants found that the basic 
functionalities met with their expectations.  Figure 11 
charts the acceptance test results.

Thus, System Version 3.0 was considered to have 
passed the acceptance test.  However, users gave 
feedback and suggestions of other functionalities that 
may be useful to the SIIWP. 

CONCLUSION AND FUTURE WORK

The SIIWP met all functional and non-functional 
requirements.  As SIIWP was built specifically on top of 
a well studied and improved SIIU business process, its 
basic functionalities of the business process matched 
closely to users’ expectations.  SIIWP was able to 
solve the distant learning problem in SIIP.  This is 
essential to SIIU as it will improve business processes 
for SIIU, in conducting SIIP, through automation.  The 
implementation of SIIWP can help SIIU ensure the 
success of SIIP by providing optimal and high quality 
service.  At the same time, the new system may be 

Figure 10.  Coordinator  portal Figure 11.  Acceptance test result

Table 1.  System testing

Feature Test Execution of an operation/ 
functionality with interaction 
between operations minimized.

Load Test Testing with field data and 
accounting for interactions.

Regression Test Feature test after every build 
involving significant change.

Acceptance Test 
(Alpha Testing)

Test conducted by users to ensure 
they accept the system.
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able to become a central internship and job resource 
centre for UTP students.

There are still limitations in SIIWP:  limited direct 
communication between users, potential data 
redundancy, and accessibility from outside UTP. 
Users also gave feedback and suggestions of other 
functionalities that may be useful to the SIIWP. 
These suggestions are functionalities for further 
enhancements that can be further studied and be 
added into the SIIWP.  Future work could include:

Direct Communication Media: Forum, Blogs, Chat 
Systems.  SIIWP only provides contact details of the 
users.  Forum, blogs, and chat systems can be added 
into the SIIWP a direct communcation media between 
users of SIIWP.

Frequently Asked Questions: Frequently Asked 
Questions (FAQ) could be added into SIIWP so 
that users can share particular knowledge and/or 
experience gained through the SIIP, stores them in the 
database, and be mapped to certain issues.  The FAQ 
function enables users to interact and ask questions 
to the system regarding specific issues faced during 
their SIIP.  

Data Mining:  An effective data mining technique can 
be implemented to SIIWP to provide users with a more 
desirable view of the database. 
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ABSTRACT

Hand gesture is one of the typical methods used in sign language for non-verbal communication.  It is most 
commonly used by people who have hearing or speech problems.  This paper presents a system prototype 
that is able to automatically recognise sign language to help communicate more effectively with the hearing or 
speech impaired people.  The Sign to Voice system prototype, S2V, was developed using Feed Forward Neural 
Network for two-sequence signs detection.  The experimental results have shown that the neural network could 
achieve a recognition rate of 78.6%  for sign-to-voice translation.

Keywords:   Hand gesture detection, neural network, sign language, sequence detection. 

INTRODUCTION

This system was inspired by the special group of 
people who have difficulties to communicate in verbal 
form.  It was designed with the ease of use for human-
machine interface in mind for the deaf or hearing 
impaired people.  The objective of this research is to 
develop a system prototype that automatically helps 
to recognise a two-sequence sign language of the 
signer and translate them into voice in real time.  

Generally, there are two ways to collect gesture data 
for recognition.  Device based measurement which 
measures hand gestures with equipment such as 
data gloves and archive the accurate positions of 
hand gestures as its positions are directly measured. 
Secondly, vision-based technique which can cover 
both the face and hands of the signer where the 
signer does not need to wear data glove device.  All 
processing tasks could be solved by using computer 
vision techniques which are more flexible and useful 
than the first method [1].

Since the last half of the last century, sign languages 
have been accepted as minority languages which 
coexist with majority languages [2] and they are the 
native languages for many deaf people.  The proposed 
system prototype was designed to help normal people 
communicate with the deaf or mute more effectively. 
This paper presents a prototype system known as 
Sign to Voice (S2V) which is capable of recognising 
hand gestures by transforming digitised images of 
hand sign language to voice using the Neural Network 
approach.

The rest of the paper is organised as follows: Section 
II surveys the previous work on image recognition 
of hand gestures.  Section III proposes the system 
architecture of SV2 prototype.  Section IV discusses the 
experimental  set up and its results, and lastly Section 
V draws conclusions and suggests for future work.

This paper was presented at the 5th International Conference in Information Technology  

– World Academy of Science, Engineering and Technology, Singapore,  29 August  – 2 September 2008
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RELATED WORK

Attempts on machine vision-based sign language 
recognition have been published only recently with 
relevant literature several years ago.  Most attempts 
to detect hand gestures/signs from video place 
restrictions on the environment.  For example, skin 
colour is surprisingly uniform so colour-based hand 
detection is possible [3].  However, this by itself is not 
a reliable modality.

Hands have to be distinguished from other skin-
coloured objects and these are cases of sufficient 
lighting conditions, such as coloured light or gray-level 
images.  Motion flow information is another modality 
that can fill this gap under certain conditions [4], but 
for non-stationary cameras this approach becomes 
increasingly difficult and less reliable.

Eng-Jon Ong and Bowden [5] presented a novel, 
unsupervised approach to train an efficient and 
robust detector, applicable not only in detecting the 
presence of human hands within an image but also 
classifying the hand shape too.  Their approach was 
to detect the location of the hands using a boosted 
cascade of classifiers to detect shape alone in gray- 
scale images.

A database of hand images was clustered into sets of 
similar looking images using the k-mediod clustering 
algorithm that incorporated a distance metric based 
on shape context [5].  A tree of boosted hand detectors 
was then formed, consisting of two layers;  the top 
layer for general hand detection, whilst branches 
in the second layer specialise in classifying the sets 
of hand shapes resulting from the unsupervised 
clustering method.

The Korean Manual Alphabet (KMA) by Chau-Su Lee et 
al. [6] presented a vision-based recognition system of 
Korean manual alphabet which is a subset of Korean 
Sign Language.  KMA can recognise skin-coloured 
human hands by implementing fuzzy min-max neural 
network algorithm using Matrox Genesis imaging 
board and PULNIX TMC-7 RGB camera. 

SYSTEM ARCHITECTURE

Figure 1 shows the system architecture of the proposed 
S2V system prototype.  Image acquisition for hand 
detection is implemented using the image processing 
toolbox in MATLAB.  This was to develop functions to 
capture input from the signer and detect the hand-
region area.  The limitation here is the background 
of the image can only be in black color.  Therefore 
several problems were encountered in capturing and 
processing images in RGB values.  Thus, an approach 
had to be found to detect the hand-region to produce 
satisfactory results. 

Image Recognition

The input images were captured by a webcam 
placed on a table.  The system was demonstrated on 
a conventional PC Laptop computer running on an 
Intel Pentium III Processor with 256 MB of RAM.  Each 
image has a spatial resolution of 32 x 32 pixels and a 
grayscale resolution of 8 bits.  The system developed 
could process hand gestures at an acceptable 
speed.  Given a variety of available image processing 
techniques and recognition algorithms, it was used as 
the design of the preliminary process for detecting the 
image as part of image processing.  Hand detection 
preprocessing workflow is showed in Figure 1.

The system was started by capturing a hand image 
from the signer with a webcam, setup towards certain 

Preprocessing 

(Hand Detection)  

1. Sobel  Operator 
2. Dilation  
3. XOR Operation 
4. Bounding Box 
5. Proportion Threshold 

Neural Network Image Processing 

Image Acquisition (Sign)

Classification 

Translation (Voice) 

Interpretation 

Object 

Figure 1.  S2V System Architecture
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angle with black background.  The next process 
converted the RGB image into grayscale with either 
black (0) or white (1).  The edge of each object was 
then computed against the black background.  The 
object was then segmented and differed greatly in 
contrast to the background images.

Preprocessing

Changes in contrast was detected by operators 
that calculate the gradient of an image.   One way 
to calculate the gradient of an image is the Sobel 
operator [7], [8], [9], which creates a binary mask using 
a user-specified threshold value.

The binary gradient mask showed lines of high contrast 
in the image.  These lines did not quite delineate the 
outline of the object of interest.  Compared to the 
original image, the gaps in the lines surrounding the 
object in the gradient mask could be seen.

These linear gaps disappeared if the Sobel image was 
dilated using linear structuring elements, applied 
by strel function.  After finding the holes, the ‘imfill’ 
function was applied to the image to fill up the 
holes.  Finally, in order to make the segmented object 
look natural, a smoothing process of the object was 
applied twice with a diamond structuring element.  
The diamond structured element was created by 
using the strel function.  Then, bitwise XOR operation 
set the resulting bit to 1 if the corresponding bit in 
the binary image or the result from the dilated image 
was a 1.  Bitwise manipulation enhanced the wanted 
image of the hand region.  Further processing with 
the bounding box approach was used to clean up the 
segmented hand region. 

After having a bounding box, the proportion of the 
white image as compared to the black image inside 
the bounding box was calculated.  If the proportion 
of white image was changed over the threshold, 
then a second image would be captured.  Currently, 
the prototype used only the two-sequence sign 
language. 

Classification

Feed Forward Neural network, as shown in Figure 2, 
was used in the classification process to recognise the 
various hand gestures.  It consisted of three layers:  
input layer, hidden layer and output layer.  Input to the 
system included various types of two-sequence sign 
language which were converted to a column vector 
by neural network toolbox in MATLAB 7.0.  The input 
signals were propagated in a forward direction on a 
layer-by-layer basis.  Initialised weight was assigned 
to each neuron.  The neuron computed the weighted 
sum of the input signals and compared the result with 
a threshold value, θ .  If the net input was less than 
the threshold, the neuron output was a value of –1, 
otherwise the neuron would become activated and 
its output would attain a value of +1 instead.  Thus, the 
actual output of the neuron with sigmoid activation 
function can be represented as









−= ∑

=

θ
n

i
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In the case of supervised learning, the network was 
presented with both the input data and the target 
data called the training set.  The network was adjusted 
based on the comparison of the output and the target 
values until the outputs almost matched the targets, 
i.e. the error between them is negligible. 

However, the dimension of the input for the neural 
network was large and highly correlated (redundant). 

Figure 2.  Feed Forward Neural Network(FFNN)
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It slowed down the processing speed.  Thus, the 
Principle Component Analysis was used to reduce the 
dimension of the input vectors.

In MATLAB, an effective procedure for performing 
this operation was the principal component analysis 
(PCA).  This technique has three effects: the first one 
is to orthogonalises the components of the input 
vectors (so that they are uncorrelated with each other); 
second it orders the resulting orthogonal components 
(principal components) so that those with the largest 
variation come first; and finally it eliminates those 
components that contribute the least to the variation 
in the data set.  By using this technique, the learning 
rate of training the neural network was increased.  As 
a result, the prototype successfully detected the hand 
region as shown in Figure 3.

Figure 3.  Hand Image Detection
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ExPERIMENTAL RESULTS

Neural Network Training Technique

Figure 4 shows the comparisons of FFNN training 
without PCA and that of Figure 5 FFNN training with 
PCA implemented.

The parameter of neural network training are 0.01 
in learning rate, epochs in 5000 and momentum 
coefficient is 0.8. 

Figure 4 shows the difference-curve of the error rate 
with difference technique before conducting the 
training to the neural network.  It shows that principle 
component analysis increased the learning rate of the 
neural network.

The result of the NN training without PCA was MSE 
0.050038/0, Gradient 0.114071/1e-010 whereas NN 
training with PCA (Fig. 5) was MSE 0.0110818/0, 
Gradient 0.00490473/1e-010.

Sequence Detection Testing

Two types of testing were conducted i.e. positive 
testing and negative testing.  The positive testing was 
to prove the sequence of sign language that can be 
recognised by the system.  The negative testing was 

Figure 4.  FFNN Training without PCA   
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Figure 5.  FFNN Training with PCA
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to prove that whenever the sign language was not 
moved, the system would not response anything to 
the signer.  Table I shows the results of these sequence 
detection testing.

The proposed solution was to implement S2V for real-
time processing.  The system was able to detect the 
sequence of sign symbols with additional functions 
that was automated to calculate the proportion 
of the black and white images and was compared 
with a threshold value specified by the program. 
The difficulties faced were to recognise a little/small 
difference in the portion of the images which were 
not detected by the threshold value (and also in 
the recognition part).  However, for this prototype, 
output was obtained by implementing the proposed 
technique to detect the sequence .

Recognition Rate

70 sets of two-sequence hand gestures were captured 
in real-time from signers using a video camera in 
which 20 were used as training sets and the remaining 
10 were used as test sets.  The recognition rate of the 
sign languages was calculated as follows:

%100×=
Total No. of signs

No. of correctly classified signs
Recognition rate  (2)

The overall results of the system prototype were 
tabulated in Table 2 below:

Table 2.  S2V System Recognition Rate

Data No. of 
Samples

Recognised
Samples

Recognition 
Rate (%)

Training 50 40 80.0

Testing 20 15 75.0

Total 70 55 78.6 (Average)

The results of segmentation and feature detection 
were performed as explained above.  Experimental 
results of the 70 samples of hand images with different 
positions gave consistent outcomes.

Based on the above experiments, the two-sequence 
sign language or hand gestures were tested with an 
average recognition rate of 78.6%.  

CONCLUSION

Hand gestures detection and recognition technique 
for international sign languages was proposed and 
a neural network was employed as a knowledge 
base for sign language.  Recognition of the RGB 
image and longer dynamic sign sequences was one 
of the challenges looked into by this technique.  
The experimental results showed that the system 
prototype S2V produced satisfactory recognition rate 
in the automatic translation of sign language to voice.  
For future research, the Hidden Markov Model (HMM) 
is proposed to detect longer sequences in large sign 
vocabularies and to integrate this technique into a 
sign-to-voice system, or vice-versa, to help normal 
people communicate more effectively with mute or 
hearing impaired people.

Table 1.  Result Of Sequence Detection Testing

Sequence 
1 

Sequence 
2

 (+)
Test

(-) 
Test Result

Yes No True

Yes No True

No Yes False

No Yes False

Yes No True

Yes No True

Yes No True

Yes No True
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ABSTRACT

This research proposes a parallel processing algorithm that runs on cluster architecture suitable for prime number 
generation.  The proposed approach is meant to decrease computational cost and accelerate the prime number 
generation process.  Several experimental results shown demonstrated its viability.

Keywords:  Prime number generation, parallel processing, cluster architecture, MPI, cryptography
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INTRODUCTION

Prime numbers has stimulated much of interest 
in the mathematical field or in the security field 
due to the prevalence of RSA encryption schemes. 
Cryptography often uses large prime numbers 
to produce cryptographic keys which are used to 
encipher and decipher data.  It has been identified 
that a computationally large prime number is likely 
to be a cryptographically strong prime.  However, 
as the length of the cryptographic key values 
increases, this will result in the increased amount of 
computer processing power required to create a new 
cryptographic key pair.  In particular, the performance 
issue is related to time and processing power required 
for prime number generation.

Prime number generation comprises of processing 
steps in searching for and verifying large prime 
numbers for use in cryptographic keys.  This is actually 
a pertinent problem in public key cryptography 
schemes, since increasing the length of the key to 
enhance the security level would result in a decrease in 
performance of a prime number generation system. 

Another trade off resulting from using large prime 
numbers pertains to the primality test.  Primality test 
is the intrinsic part of prime number generation and 
is the most computationally intensive sub-process. 
It has also been proven that testing the primality of 
large candidates is very computationally intensive.

Apart from that, the advent of parallel computing or 
processing has invited many interests to apply parallel 
algorithms in a number of areas. This is because it has 
been proven that parallel processing can substantially 
increase processing speed.  This paper presents a 
parallel processing approach in cluster architecture 
for prime number generation that would provide 
improved performance in generating cryptographic 
keys.

RELATED WORK

Despite the importance of prime number generation 
for cryptographic schemes, it is still scarcely 
investigated and real life implementations are 
of rather poor performance [1].  However, a few 
approaches do exist in order to efficiently generate 
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prime numbers   [1-5]. Maurer proposed an algorithm 
to generate provable prime numbers that fulfill 
security constraints without increasing the expecting 
running time [2].  An improvement was made to 
Maurer’s algorithm by Brandt et al. to further speed 
up the prime number generation [3].  Apart from 
that, the proposed work also included a few ways for 
further savings in prime number generation [3].  Joye 
et al. presented an efficient prime number generation 
scheme that allowed fast implementation on 
cryptographic smart card [1].  Besides that, Cheung et 
al. originated a scalable architecture to further speed 
up the prime number validation process at reduced 
hardware cost [4].  All of these research however, were 
focused on processing the algorithm sequentially.  It 
was proved that tasks accomplished through parallel 
computation resulted in faster execution as compared 
to computational processes that ran sequentially 
[9].  Tan et al. designed a parallel pseudo-random 
generator using Message Passing Interface (MPI) [5].  
This work is almost similar to it but with different 
emphasis.  The prime numbers generated were used 
for Monte Carlo simulations and not cryptography.  
Furthermore, considerable progress have been made 
in order to develop high-performance asymmetric key 
cryptography schemes using approaches such as the 
use of high-end computing hardware [6, 7, and 8].

SYSTEM MODEL

Experimental Setup

The experimental cluster platform for performance 
comprised of 20 SGI machines.  Each of the machines 
consists of off-the-shelf Intel i386 based dual P3-
733MHz processors with 512MB memory Silicon 
Graphics 330 Visual Workstations.  These machines 
were connected to a Fast Ethernet 100 Mbps switch. 
The head node performs as master node with multiple 
network interfaces [10].  Although these machines were 
considered to be superseded in terms of hardware 
and performance as compared to the latest version of 
high performance computers, what was important in 
this research was the parallelisation of the algorithm 
and how jobs were disseminated among processors. 

Number generation

In order to first generate the number, a random seed 
was picked and input into the program.  The choice 
of seed was crucial to the success of this generator 
as it had to be as random as possible.  Otherwise 
anyone who uses the same random function would 
be capable of generating the primes, thus defeating 
the purpose of having strong primes. 

Primality Test

A trial division algorithm was selected as the core for 
primality testing.  This algorithm was based on a given 
composite integer n, trial division consists of trial-
dividing n by every prime number less than or equal 
to n .  If a number were found which divides evenly 
into n, that number is a factor of n.

Parallel Approach 

Once a random number was generated, master node 
created a table of dynamic 2D array, which was later 
populated with odd numbers.  As shown in Figure 1, 
a pointer-to-pointer variable **table in master, points 
to an array of pointers that subsequently points to a 
number of rows.  This resulted in a table of dynamic 2D 
array.  After the table of dynamic 2D array was created, 
master then initialised the first row of the table only.  

The parallel segment began when master node 
broadcasts row [0] to all nodes by using MPI_Bcast.  
Row [0] was used by each node to continue populating 

Figure 1.  Master creates a dynamic 2D array to be populated with 
odd numbers
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the rest of the rows of the table with odd numbers. 
Master node then equally divided n-1 number of rows 
left that was yet to be populated by number of nodes 
available in the grid cluster.  Each node was given 
an equal number of rows to be populated with odd 
numbers.  This was achieved by using MPI_Send.  A 
visual representation of this idea is depicted in Figure 
2.

Each node received n number of rows to be populated 
with odd numbers.  This was where the parallel 
process took place.  Each node processed each row 
given concurrently.  Each node first populated the 
rows with odd numbers.  Then they filtered out for 
prime numbers using the primality test chosen.  The 
odd prime numbers remained in the rows but those 
that were not was assigned to NULL.  Each populated 
row were then returned to master node, which then 
randomly picked three distinct primes for the value of 
p,q, and public key e of the cryptographic scheme. 

For an example, if there are 4 processors available 
to execute the above tasks, and there are 1200 rows 
needed to be populated with prime numbers, each 
slave will be given 300 rows to be processed.  The 
overall procedure is depicted in Figure 3.

Processor 0 processed row(1) up to row(299), 
processor 1 processed row(300) up to row(599), 
processor 2 processed row(600) up to row(899) and 
lastly processor 3 processed row(900) up to the last 
row, row(1199).

After each node returned the populated rows to 
master node, it then picked randomly prime numbers 
to be assigned as the value of p, q, and e.  These values 
were later used for the encryption and decryption 
part of a cryptosystem algorithm.  It is to be reminded 
that the parallel process that took place in the whole 
program was only on the prime number generation.

PARALLEL ALgORITHM

The algorithm of the parallel program is as follows:

Start

Master creates a table of odd numbers and 

initialized row [0] only

Master broadcasts row [0] to all slaves

Master sends a number of rows to each slave

Each slave will receive an initialized row 

from master

Each slave will populate row prime numbers

Each slave will return populated row to 

Master

Master waits for results from slaves

Master receives populated rows from each 

slave.

Master checks unpopulated rows

If maxRow > 0

Master sends unpopulated row to slave

Master picks prime numbers randomly

Figure 2.  Master sends an equal size of row to each slave Figure 3. Example of assigning 1200 rows to 4 processors (slaves)
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Prompt to select program option

Switch (method)

Case 1: prompt to enter a value greater 

than 10000

If value > 10000, generate key primes

Else, Exit program

Case 3: open file and decrypt

Case 4: exit program

End

End

EVALUATION

Table 1, shows the execution time of running the 
parallel program on single and more computing 
nodes.  From the results, it can be inferred that running 
the algorithm in parallel mode has accelerated the 
prime number generation process.  However, it seems 
like there is a noticeable increase in processing time 
when the program is running more than 3 nodes.  The 
execution time recorded was higher when more nodes 
participated in the generation process.  This may be 
caused by network latency during the distribution of 
the tasks, which led to the increased of execution time 
taken for the communication between nodes.

Figure 4 shows the performance measurement using 
MPI_GATHER tested on 15 nodes.  This figure was 
captured using the MPICH Jumpshot4 tool to evaluate 
the algorithm usage of MPI libraries.  The numbers 
plotted shows the amount of time taken for each node 
to send back the prime numbers discovered back to 
the master node. 

From the figure, it was observed that the algorithm 
gather was massive for the first node and deteriorated 
as it approached the last node. This may due to the 
frequent prime numbers discovered at the beginning 
of the number series and and which became scarce 
as the numbers became larger towards the end.  This 
proved that the relative frequency of occurrence of 
prime numbers decreases with size of the number 
which results in lesser prime numbers being sent back 
to master node by later nodes.

CONCLUSION

This study proposed a parallel approach for prime 
number generation in order to accelerate the process. 
The parallelism and the cluster architecture of this 
approach was tested with large prime numbers. 
Results demonstrated that improvement can be 
obtained if a parallel approach is deployed.  However, 
further improvements can be made that include:
(1) Use other primality test that is more significant or 

feasible for large prime number generation such 
as Rabin-Miller algorithm.

(2) Use other random number generation that can 
produce random numbers with less computation 
yet provides higher security level.

Table 1.  Comparison of Execution Time for Different Number of 
Nodes.

Number of nodes Execution Time (ms)

1 7.850

3 0.039

5 0.043

10 0.053

30 0.093
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Figure 4.  Time taken for MPI_BCAST and MPI_GATHER running 
on 15 nodes.
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ABSTRACT

Since medical images occupy large amounts of storage space and hinder the speed of tele-healthcare information 
exchange, compression of image data is essential.  In this work a comprehensive experimental study on lossless 
compression algorithms is applied on ultrasound images.  There are many compression schemes available for 
lossless compression.  But in this work, eight commonly used well known algorithms, namely CALIC, JPEG2000, 
JPEG-LS, FELICS, Lossless mode of JPEG, SPIHT (with Reversible Wavelets S+P), PNG and BTPC were applied to 
determine the compression ratio and processing time.  For this study a large number of ultrasound images 
pertaining to different types of organs were tested.  The results obtained on compression ratio indicated that 
CALIC led followed by JPEG-LS.  But JPEG-LS took much less time for processing than CALIC.  FELICS, BTPC and 
the two wavelets-based schemes (SPIHT and JEPG2000) exhibited very close efficiency and they were the next 
best to CALIC and JPEG-LS.  The results showed that JPEG-LS was the better scheme for lossless compression of  
ultrasound images as it demonstrated comparatively better compression efficiency and compression speed.

Keywords:  lossless image compression, ultrasound images, compression ratio, compression speed.

INTRODUCTION

Ultrasound is a widely accepted medical imaging 
modality for the diagnosis of different diseases due 
to its non-invasive, cheap and radiation hazard-
free characteristics.  As a result of its widespread 
applications, huge volumes of data from ultrasound 
images have been generated from various medical 
systems.  This has caused increased problems 
in transmitting the image data to remote places 
especially via wireless media for tele-consultation 
and storage.  Thus efficient image compression 
algorithms are needed to reduce file sizes as much as 
possible, and make storage access and transmission 
facilities more practical and efficient. The relevant 
medical information contained in the images must 

be well preserved after compression. Any artifact in 
the decompressed images may impede diagnostic 
conclusions and lead to severe consequences.  
Therefore, selecting a suitable method is critical for 
ultrasound image coding.  This goal is often achieved 
by using either lossless compression or diagnostically 
lossless compression with moderate compression 
ratio.  This challenge faced for ultrasound images 
motivates the need for research in identifying proper 
compression schemes.

There are many approaches to image compression 
which can be used. These can be categorised into 
two fundamental groups: lossless and lossy.  In 
lossless compression, the image reconstructed after 
decompression is numerically identical to the original 
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image.  This is obviously most desirable since no 
information is compromised.  In lossy compression the 
reconstructed image contains degradations relative to 
the original to achieve higher compression ratios.  The 
type of compression group to be used depends on the 
image quality needed.  Medical images cannot afford 
to lose any data.  Thus efficient lossless compression 
schemes are to be studied. 

In the present work, performances of eight efficient 
lossless compression schemes namely CALIC, 
JPEG2000, JPEG-LS, FELICS, Lossless mode of JPEG, 
SPIHT with Reversible Wavelets (S+P), PNG and 
BTPC were studied to investigate the compression 
efficiency for digital ultrasound images highlighting 
the limitation of cutting edge technology in lossless 
compression.  The study focused mainly on the 
effectiveness of compression and computational time 
of each compression method on ultrasound images. 

LOSSLESS IMAgE COMPRESSION

A typical image compression implementation consists 
of two separate components, an encoder and a 
decoder as shown in Figure 1.  The former compresses 
the original image into a more compact format 
suitable for transmission and storage.  The decoder 
decompresses the image and reconstructs it to the 
original form.  This process will either be lossless or 
lossy, which will be determined by the particular 
needs of the application. 

Most of the recent efficient lossless compressions 
can be classified into one of the three paradigms:   
predictive with statistical modeling, transform-based 
and dictionary-based schemes.  The first paradigm 
typically consists of two distinct components: 

statistical modeler and coder.  The modeler gathers 
information about the data by looking for some 
context and identifies a probability distribution that 
the coder uses to encode the next pixel xi+1  It can be 
viewed as following an inductive statistical inference 
problem where an image is observed in raster-scan.  
At each instant i, after having observed the  subset of 
past source sample xi = (x1, x2, … , xi), but before 
observing xt+1 a conditional probability distribution 
P(.|xi) is assigned to the next symbol  xi+1   Ideally, the 
code length l contributed by xt+1 is 

l (xi+1)  =  – log P(xi+1|xi)  bits, 

which averages to the entropy of the probabilistic 
model.  Modern lossless image compression [2, 3] is 
based on the above paradigm in which the probability 
assignment is broken into the following steps:

•	 A	 predictive	 step,	 with	 the	 advantage	 of	 image	
information redundancy (correlation of data) to 
construct an estimated prediction value  for 
the next sample xi+1 based on a finite subset of 
the available past source symbols xi. 

•	 The	determination	of	context	in	which	a	value	xi+1 
occurs.  The context is a function of a (possible 
different) causal template.

•	 A	 probabilistic	 model	 for	 prediction	 error								
1i1i1i x̂ -   x +++ =e , conditioned on the context of 

xi+1

The prediction error is coded based on a probability 
distribution using a simple function of previously 
neighbouring samples (W, N, E and NW) as shown in 
Figure 2.  The advantage of prediction is that it de-
correlates the data samples thus allowing the use of a 
simple model for the prediction errors [2].

Figure 1.  A typical data compression system Figure 2.  Four neighbouring samples in a causal template.
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In transform-based coding, the original digital image 
is transformed into frequency or wavelet domain 
prior to modeling and coding, where it is highly de-
correlated by the transform.  This de-correlation 
concentrates the important image information into 
a more compact form in which the redundancy can 
be removed using an entropy coder.  JPEG2000 is a 
transform-based image compression scheme. 

Finally, the dictionary-based compression algorithms 
substitute shorter codes for longer patterns of strings 
within the data stream.  Pixel patterns (substrings) in 
the data stream found in the dictionary are replaced 
with a single code.  If a substring is not found in the 
dictionary, a new code is created and added to the 
dictionary.  Compression is achieved when smaller 
codes are substituted for longer patterns of data, such 
as GIF and PNG which are widely used in the Internet. 

In this work focused on the following lossless 
compression schemes: 

1. CALIC which combines non-linear prediction with 
advanced statistical error modeling techniques.

2.  FELICS in which each pixel is coded in the context 
of two nearest neighbours.

3. BTPC, a multi-resolution technique which 
decomposes the image into a binary tree.  These 
methods are the result of improvements in 
prediction and modeling techniques, as well as 
improvements in coding techniques that yielded 
significantly higher compression ratios [5].

4.  Lossless mode of JPEG which combines simple 
linear prediction with Huffman coding.

5. JPEG-LS is based on Low Complexity Lossless 
Compression method LOCO-I, which combines 
good performance with efficient implementation 
that employs nonlinear simple edge detector 
prediction, in particular with Golomb-Rice coding 
or Run Length Coding.   

6. Lossless mode of JPEG2000 which is integer-
to-integer wavelets based on Embedded Block 
Coding with block Truncation (EBCOT) [5].

7.  SPIHT with Reversible Wavelets (S+P) as a 
second lossless wavelet-based method beside    
JPEG2000.

8. Portable Network Graphics (PNG) which is a 
dictionary-based compression method [1, 2, 3].

Artur Przelaskowski [6] considered only four effective 
lossless compression schemes:  Binary context-based 
arithmetic coder, CALIC, JPEG-LS and JPEG2000 for 22 
mammogram images.  This study pioneered different 
compression methods for mammograms; however 
only a few lossless coders were involved and it was 
found that the best lossless compression that could 
be achieved was only 2.

Kivijärvi, et al. [7, 9] studied lossless compression of 
medical images of various modalities: Computed 
Radiography, Computed Tomography, Magnetic 
Resonance Imaging, Nuclear Medicine, and 
Ultrasound.  Performance criteria of a range of general 
and specific image lossless compression schemes 
were evaluated.  They observed that CALIC performed 
consistently well and achieved compression ratio 
2.98.  JPEG-LS compression ratio was almost as well 
at 2.81 and lossless JPEG with Huffman encoding 
and selection prediction value five [1] had a lower 
compression ratio 2.18.  PNG did not perform well as it 
only achieved compression ratio 1.90, and neither did 
any of the general-purpose compression schemes.  
These early studies did not have the opportunity to 
examine the performance of the JPEG2000 scheme.  
The measurement of compression ratio in their study 
was the average compression ratios of all modalities, 
regardless of the fact that different modalities may 
appear to have different redundancy which would 
lead to differences in compression ratios.  They also 
measured compression and decompression time, and 
concluded that “CALIC gives high compression in a 
reasonable time, whereas JPEG-LS is nearly as effective 
and very fast”. 
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Denecker [8] used more than five image based and 
general-purpose compression schemes, including 
lossless JPEG, CALIC, S+P and GNU UNIX utility gzip.  
They were tested on Computed Tomography, MRI, 
Positron Emission Tomography, Ultrasound, X-Ray 
and Angiography images.  It was indicated that CALIC 
performed best with an average compression ratio 
of 3.65.  S+P with arithmetic encoding achieved 3.4, 
lossless JPEG with Huffman encoding achieved about 
2.85 and gzip achieved about 2.05.  Since it was not 
stated as to how many images were used in this study, 
it is difficult to interpret the average compression 
ratios specified [10].

METHODOLOgY

The different lossless Compression algorithms referred 
above yielded different values for compression ratio 
and speed for the same type of images.  It is essential 
to decide which one among them will be better 
when applied on an image.  Two most important 
characteristics of lossless image compression 
algorithms are Compression Ratio (CR) and 
Compression Speed (CS).  If the combined time taken 
for compression and decompression is small then 
CS is high.  These characteristics help to determine 
the suitability of a given compression algorithm to 
a specific application.  CR is simply the size of the 
original image divided by the size of the compressed 
image.  This ratio gives an indication of how much 
compression is achieved for a particular image. 

In order to calculate how much time the process 
(compression or decompression) has used in seconds, 
the function clock ( ) in C++ was used.  This function 
was called at the start and at the finish of the process 
to compute the duration in seconds (as shown in the 
following equation) using the CPU ticks since the 
system was started as follows:

Duration = (finish – start) / CPU ticks per second

This duration value depended on the complexity 
and efficiency of the software implementation of 
the compression/decompression algorithms and the 
speed of the processor.  Considering compression/

decompression time, some compression methods are 
symmetric which means that equal time is taken for 
compression and also decompression.  An asymmetric 
algorithm takes more time to compress than to de-
compress.  All the compression algorithms used in 
this study were implemented using MS Visual C++ 
along with JASPER, MG, LIBPNG, HP implementation 
of JPEG-LS and ZLIB.  For this study, a large number 
of ultrasound images which were different in texture 
and size were used.  The results obtained for a sample 
set of 21 images applying the above algorithms 
for compression efficiency were analysed. The 
ultrasound images were obtained from local hospitals 
and scanned in the Intelligent Imaging Laboratory at 
Universiti Teknologi PETRONAS using a Pentium IV 
processor with 2.8 MHz under Windows XP.

RESULTS AND DISCUSSIONS

Compression Efficiency

The results obtained for a test sample set of 21 images 
applying the above method for compression efficiency 
are shown in Figure 3.  It was observed that the two 
predictive state-of-the-art CALIC and JPEG-LS were 
the first two efficient schemes for ultrasound images 
independent of texture and size. 

Although the best achievable compression ratio 
chosen was with LJPEG having tried all the possible 
seven predictors for lossless coding [1], LJPEG was 
found to be lagging behind all schemes in terms of 
efficiency.  LJPEG used a very simple linear prediction 
that combined three surrounding neighbouring 

Figure 3.  Compression efficiency
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pixels.  PNG which is a dictionary-based scheme 
outperforms LJPEG only slightly.  FELICS, BTPC and 
the two wavelets-based schemes (JPEG2000 and 
S+P) were found to lie in between and performing 
almost equally good with slight differences in terms of 
efficiency after CALIC and JPEG-LS.  From the results, 
it clearly depicted that predictive schemes with 
statistical modeling performed better than transform 
based coding  which outperformed the dictionary 
based coding for lossless compression of images.

Compression Speed

Figures 4(a) and (b) show the compression and 
decompression times respectively for the above 
eight lossless schemes.  It can be seen that the FELICS 
was the fastest and CALIC seemed to be extremely 
slow, whereas LJPEG and JPEG-LS were somewhat 
much closer to FELICS.  It should be noted that the 
above four algorithms are symmetric.  PNG and BTPC 
demonstrated less compression speeds compared to 
the two wavelet-based algorithms. 

From the above analysis, it was found that the 
predictive schemes yielded improved compression 
efficiency and speed, and resulted in reduced cost of 
transmission and storage especially for tele-healthcare 
applications.  JPEG-LS with embedded run length 
encoding was found to be better than other methods 
for lossless compression of ultrasound images. 

CONCLUSION

In this paper a comparative study on lossless 
compression schemes applied on ultrasound images 
was carried out.  To evaluate the lossless compression 
methods, three criteria were studied viz., compression 
ratio, compression time and decompression time.  A 
large number of ultrasound images were processed 
but only the results for a set of 21 test cases were 
included (refer Table 1). Various aspects of the lossless 
compression procedures were examined. CALIC 
gave the best compression efficiency but much 
lower compression speed.  JPEG-LS showed high 
compression ratio (very close to CALIC) and better 
compression speed than CALIC. Based on these two 
features, the results showed that JPEG-LS is well 
suited for compressing ultrasound images.  Additional 
research is to be carried by applying JPEG-LS on the 
regions of interest and lossy compression  algorithms 
on the remaining portion of the ultrasound image.  
This will will not only result in efficient storage but will 
also increase speed of transmission of images in tele-
healthcare applications.
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Images LJPEg JPEg-LS JPEg2000 CALIC FELICS PNg BTPC S+P

Ultrasound1
CR 2.078 2.302 2.194 2.381 2.250 2.133 2.216128805 2.208

CT DT 0.203 0.094 0.234 0.235 1.156 0.937 2.703 2.703 0.127 0.113 0.64 0.263 0.718 0.406 0.858 0.612

Ultrasound2
CR 1.828 2.074 1.952 2.128 1.980 1.923 1.930 1.945

CT DT 0.188 0.078 0.203 0.203 1.125 0.921 2.5 2.5 0.141 0.122 0.546 0.256 0.75 0.375 0.936 0.723

Ultrasound3
CR 1.897 2.188 2.028 2.242 2.087 1.992 2.033 2.005

CT DT 0.25 0.078 0.265 0.203 1.109 0.937 2.468 2.468 0.126 0.109 0.5 0.371 0.75 0.453 0.889 0.583

Ultrasound4
CR 1.816 2.072 1.946 2.133 1.978 1.912 1.932 1.950

CT DT 0.187 0.078 0.234 0.203 1.14 0.968 2.5 2.5 0.127 0.112 0.515 0.252 0.796 0.375 0.917 0.706

Ultrasound5
CR 1.904 2.190 2.028 2.244 2.093 1.999 2.033 2.0127

CT DT 0.187 0.078 0.203 0.203 1.14 1.015 2.484 2.468 0.126 0.111 0.609 0.253 0.703 0.5 0.91 0.711

Ultrasound6
CR 1.815 2.032 1.934 2.100 1.964 1.904 1.918 1.938

CT DT 0.203 0.078 0.218 0.406 1.171 1.015 2.531 2.531 0.13 0.116 0.5 0.25 0.796 0.375 0.945 0.801

Ultrasound7
CR 2.075 2.326 2.172 2.412 2.263 2.133 2.230 2.183

CT DT 0.375 0.078 0.375 0.219 1.312 1.109 2.718 2.718 0.128 0.12 0.765 0.294 0.812 0.39 0.999 0.584

Ultrasound8
CR 2.078 2.302 2.194 2.381 2.250 2.133 2.216 2.208

CT DT 0.203 0.14 0.234 0.235 1.187 0.906 2.781 2.765 0.127 0.116 0.765 0.287 0.843 0.64 0.962 0.864

Ultrasound9
CR 2.045 2.297 2.166 2.380 2.234 2.113 2.198 2.185

CT DT 0.203 0.093 0.234 0.235 1.234 1.14 2.775 2.765 0.139 0.127 0.625 0.27 0.875 0.625 1.002 0.84

Ultrasound10
CR 1.670 1.931 1.840 1.991 1.821 1.816 1.780 1.838

CT DT 0.203 0.078 0.235 0.235 1.25 1.046 2.625 2.562 0.147 0.121 0.625 0.274 0.859 0.39 1.074 0.917

Ultrasound11
CR 1.893 2.217 2.063 2.254 2.094 2.016 2.042 2.057

CT DT 0.203 0.078 0.234 0.235 1.312 1.046 2.515 2.515 0.124 0.114 0.656 0.553 0.703 0.703 0.972 0.836

Ultrasound12
CR 1.788 2.015 1.924 2.069 1.927 1.898 1.879 1.922

CT DT 0.203 0.078 0.219 0.265 1.187 1.156 2.609 2.593 0.136 0.117 0.484 0.252 0.859 0.39 1.034 0.65

Ultrasound13
CR 1.867 2.193 2.043 2.223 2.034 2.000 1.993 2.026 

CT DT 0.203 0.078 0.218 0.218 1.156 1.14 2.562 2.515 0.124 0.111 0.671 0.253 0.828 0.406 0.99 0.885

Ultrasound14
CR 1.794 2.054 1.929 2.096 1.952 1.902 1.900 1.919

CT DT 0.203 0.078 0.203 0.219 1.234 1.171 2.546 2.546 0.127 0.116 0.5 0.251 0.859 0.375 1.01 0.904

Ultrasound15
CR 1.879 2.195 2.039 2.232 2.070 2.002 2.019 2.032

CT DT 0.187 0.078 0.218 0.219 1.328 1.125 2.531 2.531 0.143 0.113 0.671 0.25 0.843 0.359 0.997 0.849

Ultrasound16
CR 2.139 2.507 2.375 2.575 2.324 2.188 2.326 2.390

CT DT 0.187 0.063 0.203 0.203 1.078 0.906 2.375 2.375 0.116 0.106 0.609 0.244 0.656 0.609 0.836 0.721

Ultrasound17
CR 2.024 2.382 2.117 2.433 2.274 2.120 2.213 2.0886

CT DT 0.25 0.078 0.187 0.187 1.125 1 2.359 2.328 0.119 0.106 0.515 0.25 0.812 0.359 0.976 0.574

Ultrasound18
CR 1.748 1.937 1.877 2.012 1.864 1.865 1.824 1.866

CT DT 0.203 0.078 0.234 0.234 1.171 1.14 2.593 2.546 0.133 0.122 0.593 0.248 0.859 0.39 1.037 0.954

Ultrasound19
CR 2.197 2.455 2.374 2.519 2.359 2.247 2.349 2.397

CT DT 0.203 0.093 0.234 0.25 1.187 1.109 2.812 2.812 0.128 0.115 0.765 0.266 0.843 0.375 0.917 0.79

Ultrasound20
CR 2.175 2.447 2.377 2.525 2.336 2.248 2.325 2.383

CT DT 0.218 0.078 0.234 0.234 1.234 1.14 2.843 2.843 0.133 0.125 0.75 0.267 0.875 0.406 0.942 0.778

Ultrasound21
CR 2.167 2.516 2.389 2.582 2.349 2.201 2.348 2.429

CT DT 0.187 0.062 0.219 0.219 1.203 1.031 2.421 2.593 0.118 0.109 0.765 0.243 0.843 0.343 0.801 0.73

Table 1.  Compression ratios, compression/decompression time
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INTRODUCTION

Learning a programming subject seems to be difficult.  
Many students claim to dislike the programming 
subject  which may have led to their inability to do 
programming.  The main reason could be that students 
do not understand or know how to manipulate their 
learning style.  Knowing what we have (strengths and 
weaknesses) and how to improve learning is crucial.  
There is a need to have a system with capabilities 
of discovering one’s own learning style, and how to 
improve it in order to assist the students, especially 
those facing a transition period from secondary 
school to university environment.  Once students are 
actively engaged in their own learning process, they 
will begin to feel empowered and indirectly, develop 

their personal sense of achievement and self-direction 
levels.  Thus, it may improve the student’s performance 
in their future undertakings.

The key to get and keep students actively involved 
in learning lies in understanding learning style 
preferences, which can positively or negatively 
influence a student’s performance (Hartman, 1995). 
Learning style enables learning to be oriented 
according to the preferred method.  Besides, a study 
showed that adjusting teaching materials to meet 
the needs of a variety of learning styles benefits the 
students (Kramer-Koehler, Tooney & Beke, 1995).  
Therefore, a person’s learning style preferences have 
an impact upon his/her performance in learning. 

LEARNINg STYLE INVENTORY SYSTEM:  
A STUDY TO IMPROVE LEARNINg PROgRAMMINg SUBJECT

Saipunidzam Mahamad*, Syarifah Bahiyah Rahayu Syed Mansor, Hasiah Mohamed @ Omar1

*Universiti Teknologi Petronas, Bandar Seri Iskandar, 31750 Tronoh Perak, Malaysia 
1UiTM Cawangan Terengganu, 23000 Dungun, Terengganu, Malaysia  
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ABSTRACT

This paper presents a learning style for personal development as an alternative for a student in learning a 
programming subject.  The model was developed with the intention to increase awareness of learning style 
preferences among higher education students and as a guide to excel in the programming subject.  The aim 
of this paper is to integrate the ideal learning style with individual learning preferences in improving the way 
of learning a programming subject.  The study proposes a learning style model based on a human approach 
to perform a task, and human emotional responses to enable learning to be oriented according to a preferred 
method. The learning style defines the basic learning preference to make the assessment.  A prototype, Learning 
Style Inventory System (LSIS) was developed to discover an individual learning style and recommend how 
to manipulate the learning skill.  The analysis and comparisons showed that personal learning styles play an 
important role in a learning process.
 
Keywords: Learning Style Inventory System, Learning Style, Learning Style Model.
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In this paper, the authors analyse correlations between 
a learning style with the student’s performance 
in learning a programming subject.  To further 
investigate the correlation, a system named Learning 
Style Inventory System (LSIS) was developed.  This 
system was built based on Kolb’s learning style model 
and a strategies shift learning model by Richard M. 
Felder and Barbara A. Solomon.  The strategies to 
shift learning model is used to recommend students 
on how to improve his/her learning style.  This 
recommendation feature consisted of strategies of 
moving between two-continuum approaches in 
developing new learning style preferences focusing 
on learning a programming subject.  This study also 
observed the implications of learning style towards 
learning a programming subject.

LEARNINg STYLE MODEL

Nowadays, there are quite a number of learning style 
preferences being introduced.  Some of them are 
Kolb’s Model (David A. Kolb, 2001), Multiple Intelligent 
(David Lazear, 1991), Vision Auditory and Kinesthetic 
model (Dawna Markova, 1996).  Each of the models 
has its own strengths and weaknesses. 

Kolb’s learning styles model is based on two lines of 
axis; (1) human approach to a task that prefers to do 
or watch; and (2) human emotional response which 
prefers to think or feel, as shown in Figure 1.  The 
east-west axis is the Processing Continuum, while the 
north-south axis is the Perception Continuum. 

The theory consists of four preferences, which are the 
possible different learning methods:

Doing  –  active experimentation
Watching  –  reflective observation
Feeling  –  concrete experience 
Thinking  –  abstract conceptualization

According to David A. Kolb (2001), the learning cycle 
begins at any one of the four points where the 
approach should be in a continuous spiral mode. 
However, it was suggested that the learning process 
often begins when a person performs a particular 
action.  Later, he/she will discover the effect of the 
action in that situation.  Lynda Thomas et al. (2002) 
agreed with Kolb. She indicated that the process 
should be in the sequence order, where the second 
step follows the first step.  In the second step, a person 
should understand these effects in that particular 
instance.  In case if the same action were undertaken 
in the same circumstances, it would be possible to 
anticipate what would follow from the action.  Then, 
in this pattern, the third step would understand the 
general principle under which the particular instance 
occurred.

According to James Anderson (2001), to modify a 
person’s learning style is necessary, and it is needed 
in a particular situation which forces them to enhance 
their capability to move along with the two continuums 
as discussed in Kolb’s model.  He stated that a person 
himself is responsible to change his/her learning style 
to meet the requirements of a particular situation.  
Due to lack of knowledge, a student usually tended to 
be in the current learning style preference, and would 
be rigid to move along between the two continuums. 
The cause might be that they have no idea what is 
their learning style, and how to improve it.  A study 
by Richard M. Felder and Barbara A. Solomon (2000) 
illustrated strategies to shift a student’s learning style 
such as active experimentation, reflective observation, 
concrete experience and abstract conceptualisation 
as shown in Table 1.

THE LEARNINg STYLE INVENTORY SYSTEM (LSIS)

The LSIS, a standalone system, consisted of several 
forms to indicate different levels of process flow.  The 
aim of this model was to discover how students learn 

(1) 

INNOVATIVE 
LEARNER 

(2) 

ANALYTIC 
LEARNER 

(3) 

COMMON 
SENSE 

LEARNER

(4) 

DYNAMIC 
LEARNER 

Reflective 
observation 

Active 
experimentation 

Concrete experience

Abstract conceptualization

Figure 1.  Learning style type grid
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without the intention of evaluating their learning 
ability.  The objectives of the system were to help 
students discover their learning style type and give 
recommendations towards each type of learning 
to maximise their learning skills upon studying a 
programming subject, in particular.  The overall 
system flow is shown in Figure 2. 

The most crucial phase is the completion of the learning 
style test.  In this phase, the system accumulates 
learning result to determine a student’s learning style, 
hence it gives a recommendation on how to develop 
his/her learning style towards learning a programming 
subject.  The system is divided into three categories.

Category 1 – Develop Learning Style (LS) inventory to 
obtain students learning style using multiple-choice 
tests, which implemented based-on the Kolb’s scale. 
The learning style inventory describes the way a 
person learns and how to deal with ideas and day-to-
day situations in life.
Category 2 – Calculate and analyse the test answer 
and produce results of the student learning style with 
a description.
Category 3 – Propose an appropriate recommendation 
to student’s original learning type to suit with the 
requirement on learning a programming subject.

Table 1.  Strategies to shift a learning style

Learning style Problem Suggestion

Active learner Stuck with little or no class 
discussion or problem-solving 
activities

Group discussion or Q&A sessions 

Reflective 
learner

Stuck with little or no class 
time for thinking about new 
information

Write short summaries of readings or class notes in own 
words. 

Conceptual 
learner

Memorization and substitution 
formula

Find link/connection on the facts with the interpretation 
or theories 

Experience 
learner

Material is abstract and 
theoretical

Find specific example of concept and procedure and 
find out how the concepts apply in practice by asking 
instructor, or referring to some course text or other 
references or brainstorming with friends or classmates

Figure 2.   System flow
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The sample screen shot of the result page is shown 
in Figure 3.  The page provided students with their 
personal learning style as well as its description.  Also, 
it displayed some recommendation and learning 
methods.

THE ExPERIMENT

The experiment was conducted during the July 2004 
semester at Universiti Teknologi PETRONAS (UTP), 
Malaysia.  The total number of participants was 106 
students.  Those were students from foundation and 
first year undergraduate Information Communication 
and Technology (ICT) and Business Information System 
(BIS) programmes.  At that time, these students were 
taking an introductory programming course, and the 
course was in a series of programming courses offered 
to ICT and BIS students.

Two sets of questionnaires were given to the students. 
Both sets were designed to obtain information about 
the students’ academic performance, and to know 

their views on learning styles and the programming 
subject. The first set was distributed during the 
beginning of the semester together with LSIS, which 
asked the students about the knowledge in learning 
styles and experiences on learning programming.  The 
LSIS was used to identify the students’ learning style 
and to suggest a better way to learn the programming 
subject.  The second set was distributed during the 
last class session of the course to analyse the students’ 
performance in learning programming, and how the 
personal learning style played an important role in 
their learning process.

Below were the steps taken in analysing the data from 
both sets of questionnaires:
•	 The	 questions	 were	 divided	 into	 six	 categories	

in order to capture the students’ knowledge of 
learning style, knowledge of own learning style 
type, tabular of learning style type, liking toward 
the programming subject, level of difficulty faced 
and learning style implications toward learning 
programming.

Figure 3.  Screen shot for the LSIS result form interface

Aware Unaware

26% 

74% 

Aware
Claim Aware but eventually Unaware
No

41% 

46% 13% 

Figure 4.  Awareness of 
learning style preferences

Figure 5.  Knowledge of own 
learning style type
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•	 The	 percentages	 of	 answers	 for	 each	 category	
were counted. 

•	 The	 students’	 learning	 style	 for	 the	 first	 set	 of	
questionnaires was compared to the second set 
to determine the positive result of LSIS and its 
correlation with the achievement in the course.

RESULTS AND DISCUSSIONS

This section is divided into two parts.  The first part 
illustrates the participants’ awareness of their learning 
style using a questionnaire and LSIS, while the other 
part of the section was to discover the implications 
of their learning style type towards learning 
programming. 

The first category of questionnaire was to capture the 
students’ awareness of the existence of their Learning 
Style Preferences.  Figure 4 shows that only 26% of 
the respondents had knowledge of a Learning Style 
Model. 

The second category of questions, shown in Figure 
5, was designed to know the awareness of students 
of their own self-learning style type.  The results 
showed that 49 respondents had no idea about their 
learning style while 57 respondents said that they 
do know about it.  However, after using LSIS only 14 
respondents had the correct learning as claimed. 

The table for learning style type as shown in Figure 
6 illustrates the number of persons for each learning 
style type.  It consists of four categories, which are 
dynamic, innovative, analytic and common sense 
learner for both samples.  The respondents were using 
LSIS to discover their learning style.  The collected 
total number for each type of learner represents 
the percentage of students as a whole.  The analysis 
may help lecturers apply the most suitable way of 

delivering lectures to suit the students’ learning 
styles.  Moreover, the students could follow the given 
recommendations to improve their way of learning 
the programming subject. 

Table 2 indicates the students’ mentality state of liking 
the programming subject.  The graph clearly shows 
that 83 (79%) respondents liked the programming 
subject compared to respondents who disliked 
programming.  This is a positive feedback to ease 
the lecturer in tackling students as most students 
showed a positive attitude towards programming 
and would be willing to change the way they learn as 
recommended by LSIS. 

The level of difficulty faced by a student while learning 
programming is shown in Table 3.  Evaluation from 
the statistic shows that up to 56% (equivalent to 59 
respondents) think that learning a programming 
subject is challenging and that they have to study 
hard to excel in the programming subject.

The results shown in Table 2 and Table 3 were 
for students who had the experience in learning 
programming before they undertook the current 
subject.  This valuable information could have 
motivated the students to accept the recommendation 
proposed by LSIS.  However, the students could choose 
or not choose to follow the LSIS recommendation.

18 14

35 39

0

10

20

30

40

50

Dynamic Innovative Analytic Common Sense

Figure 6.  Tabular for learning style type

Table 2.   Statistic on Likeness towards Programming Subject

Likeness A A– B+ B C+ C D+ D F Taking TOTAL

Yes 14 7 8 7 3 3 42 83

No 2 1 2 2 1 9 23
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Learning style implications toward learning a 
programming subject shown in Table 4.  The purpose 
of this analysis was to observe students’ action on 
the recommendation in order to improve the way of 
learning the programming subject throughout the 
semester. From the analysis, there were 74 respondents 
who followed the recommendation and take that as a 
part of their way of learning. Later, the result was used 
to compare the with student’s coursework mark to 
analyse their achievement. 

Overall, the results of the course were very interesting. 
The experiment involved the students’ initiative to 
change and follow the recommendations in learning a 
programming subject. Besides, the environment was 
designed where students had control of their learning 
experience. This study discovered that learning style 
has some impact on learning. 

CONCLUSION

The LSIS was successfully developed with the aim 
of increassing the awareness of Learning Style 
Preferences among students, and guide them to 
excel in a programming language subject.  LSIS is a 

computer system to assist students in identifying 
and analysing learning styles based on Kolb’s model 
and the strategies shift learning model by Richard 
M. Felder and Barbara A. Solomon, and then guide 
students to improve their learning style perspective. 
Preliminary evaluation indicated that students lacked 
knowledge in learning style preference and their 
own learning style type.  The implementation of the 
system benefited students in cope with their daily 
learning routine as well as increase their confidence 
level in learning a programming subject. 

For future work, researchers may want to integrate 
other types of learning styles and features of advising 
students.  It could include a systematic shifting 
procedure between the best suitable learning style 
towards learning a programming subject. Therefore, 
users could discover their learning styles from the 
various models and improve the learning style on 
learning a programming subject.

ACKNOWLEDgEMENT
The authors would like to thank Aritha Shadila Sharuddin for 
conducting the survey for data gathering.

Table 3.  Statistic on Level of Difficulties to Learn Programming Subject

Level A A– B+ B C+ C D+ D F Taking TOTAL

Very easy 2 2 4

Easy 1 2 3 6

Medium 6 4 1 2 1 3 17 33

Challenging 5 2 7 7 4 1 26 59

Hard 2 2 4

Table 4.  Implication of learning style type toward learning programming subject

Learning Style Type A A– B+ B C+ C D+ D F TOTAL

Dynamic 3 2 8 4 17

Innovative 8 6 2 1 3 20

Analytic 6 3 5 3 1 18

Common Sense 1 4 4 7 1 2 19
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INTRODUCTION

Over the recent past, organisations have tried various 
methods to create an organisation that is healthy 
and sound.  By requiring strategic planning and 
a linking of program activities performance goals 
to an organisation’s budget, decision-making and 
confidence in the organisational performance is 
expected to improve.  A business organisation vision 
is one of its most important pieces of intangible 
assets.  Vision is planned by strategy and executed 
by values that drive day to day decision-making 
(Sullivan, 2000).  The economic value of an intangible 
asset drives the decision to invest further, continue to 
hold onto it, or dispose of it.  An intangible economic 
value is the measure of the utility it brings to the 

business organisation.  Strategy is used to develop 
and sustain current and competitive advantages 
for a business, and to build competitive advantages 
for the future.  Competitive advantage strategy 
depends on the command of and access to effective 
utilisation of its resources and knowledge.  Strategy 
is the identification of the desired future state of 
the business, the specific objectives to be obtained, 
and the strategic moves necessary to realise that 
future. Strategy includes all major strategic areas, 
such as markets, suppliers, human resources, 
competitive advantages, positioning, critical success 
factors, and value chains (Alter 2002).  In today’s fast 
changing business environment, the only way to gain 
competitive advantage is by managing intellectual 
capital, commonly known as knowledge management 
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ABSTRACT

This paper suggests a framework of performance measurement through a balanced scorecard and to provide 
an objective indicator for evaluating the achievement of the strategic goals of the corporate.  This paper 
uses the concepts of a balanced score card and adopts an analytical hierarchical process model to measure 
an organisational performance. The balanced score card is a widely used management framework for the 
measurement of organisational performance.  Preference theory is used to calculate the relative weightage for 
each factor, using the pair wise comparison. This framework may be used to calculate the effectiveness score 
for balanced score card as a final value of performance for any organisation. The variations between targeted 
performance and actual performance were analyzed.

Keywords:  Balanced score card, corporate strategy, performance measurement, financial factors and non-financial 
factors.
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(KM).  Nowaday’s knowledge is increasingly becoming 
the greatest asset of organisations (Ravi Arora, 2002). 
The basic objective of a knowledge management 
programme should be well understood and its 
potential contribution to the business value should 
be established before beginning of the process.  One 
of the objectives of a KM programme is to avoid re-
invention of the wheel in organisations and reduce 
redundancy.  Secondly, a KM programme is to help 
the organisation in continuously innovating new 
knowledge that can then be exploited for creating 
value.  Thirdly, a KM programme is to continuously 
increase the competence and skill level of the people 
working in the organisation (Ravi Arora, 2002).  KM 
being a long term strategy, a Balanced Score Card 
(BSC) helps the organisation to align its management 
processes and focuses the entire organisation to 
implement it.  The BSC is a management framework 
that measures the economic and operating 
performance of an organisation.  Without a proper 
performance measuring system, most organisations 
are not able to achieve the envisioned KM targets.  
BSC provides a framework for managing the 
implementation of KM, while also allowing dynamic 
changes in the knowledge strategy in view of changes 
in the organisational strategy, competitiveness and 
innovation.  Inappropriate performance measurement 
is a barrier to organisational development since 
measurement provides the link between strategies 
and actions (Dixon et al., 1990).  Performance 
measurement as a process of assessing progress 
towards achieving predetermined goals, includes 
information on efficiency.  In which, resources are 
transformed into goods and services, the quality of 
those outputs and outcomes, and the effectiveness 
of organisational operations in terms of their specific 
contributions to organisational objectives (Dilanthi 
Amaratunga, 2001).  This paper identifies the balanced 
scorecard developed by (Kaplan and Norton, 1992, 
1996a) as a leader in performance measurement and 
performance management in an attempt to identify 
an assessment methodology for organisational 
processes.

BALANCED SCORE CARD

Robert S. Kaplan and David P. Norton (1992) devised 
the Balanced Scorecard of its present form.  They 
framed the balanced scorecard as a set of measures 
that allowed for a holistic, integrated view of the 
business process so as to measure the organisation’s 
performance.  The scorecard was originally created 
to supplement “traditional financial measures with 
criteria that measured performance from three 
additional perspectives – those of customers, internal 
business processes, and learning and growth”.  The 
BSC retained traditional financial measures.  But 
these financial measures tell the story of past events, 
an adequate story for those companies for which 
investments in long-term capabilities and customer 
relationships are not critical for success.  These financial 
measures are inadequate, however, for guiding and 
evaluating the performance of the modern companies 
as they are forced by intense competition provided 
in the environment, to create future value through 
investment in customers, suppliers, employees, 
processes, technology, and innovation.  Non-financial 
measures, such as customer retention, employee 
turnover, and number of new products developed, 
belonged to the scorecard only to the extent that they 
reflected activities an organisation performed in order 
to execute its strategy.  Thus, these measures served 
as predictors of future financial performance.

In due course of time, the whole concept of 
the balanced scorecard evolved into a strategic 
management system forming a bridge between 
the long-term and short-term strategies of an 
organisation.  Many companies readily adopted the 
BSC because it provided a single document in which 
the linkages of activities – more particularly by giving 
adequate importance to both tangible and non- 
tangible factors – were more vividly brought out than 
in any other process adopted.  Clearly, opportunities 
for creating value shifted from managing tangible 
assets to managing knowledge-based strategies 
that deployed an organisation’s intangible assets:  
customer relationships, innovative products and 
services, high quality and responsive operative 
processes, information technology and databases 
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and employee capabilities, skills and motivation.  
The BSC has grown out of itself from being just a 
strategic initiative to its present form of a Performance 
Management System.  The balanced scorecard, as it is 
today, is a Performance Management System that can 
be used by organisations of any size to align the vision 
and mission with all the functional requirements of 
day-to-day work.  It can also enable them to manage 
and evaluate business strategy, monitor operational 
efficiency, provide improvements, build organisation 
capacity, and communicate progress to all employees. 
Hence, it is being adopted by many companies across 
the world today cutting across the nature of the 
industry, types of business, geographical and other 
barriers. 

Kaplan & Norton (1992) described the Balanced 
Scorecard as a process which “moves beyond a 
performance measurement system to become the 
organising framework for a strategic management 
system”.  It is important that the scorecard be seen not 
only as a record of results achieved, and it is equally 
important that it be used to indicate the expected 
results.  The scorecard in this way will serve as a way to 
communicate the business plan and thus the mission 
of the organisation.  It further helps to focus on critical 
issues relating to the balance between the short and 
long run, and on the appropriate strategic direction 
for everyone’s efforts (Olve et al., 1999).  The BSC 
allows managers to look at the business from the four 
perspectives and provides the answers to the above 
basic questions, as illustrated in Figure 1.

Customer Perspective

This perspective captures the ability of the organisation 
to provide quality goods and services, the effectiveness 
of their delivery, and overall customer service and 
satisfaction.  Many organisations today have a mission 
focused on the customer and how an organisation 
is performing from its customer’s perspective has 
become a priority for top management.  The BSC 
demands that managers translate their general 
mission statement on customer service into specific 
measures that reflect the factors that really matters 
to their customer.  The set of metrics chosen under 
this perspective for this study were:  enhance market 
share by 5%, 10% increase in export sales, obtain 
competitive pricing, and increase after sales service 
outlets by 10%.

Internal Business Processes Perspective

The business processes perspective is primarily an 
analysis of the organisation’s internal processes. Internal 
business processes are the mechanisms through 
which performance expectations are achieved.  This 
perspective focuses on the internal business process 
results that lead to financial success and satisfied 
customers expectations.  Therefore, managers need 
to focus on those critical internal business operations 
that enable them to satisfy customer needs.  The set 
of metrics chosen under this perspective for this study 
were: improving productivity standards, eliminating 
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defects in manufacturing, provide adequate technical 
knowledge and skill for all the levels of employees and 
customer feedback to be integrated in the operation.

Learning and growth Perspective

The targets for success which keep changing in the 
intense competition requires that organisations make 
continual improvements to their existing products 
and processes and have the ability to introduce 
entirely new processes with expansion capabilities. 
This perspective looks at such issues, which includes 
the ability of employees, the quality of information 
systems, and the effects of organisational alignment in 
supporting accomplishment of organisational goals. 
The set of metrics chosen in this study under this 
perspective were: involve the employees in corporate 
governance, become a customer driven culture and 
inculcate leadership capabilities at all levels.

Financial Perspective

Financial performance measures indicate whether 
the organisation’s strategy, implementation, and  
execution are contributing to bottom line 
improvement.  It shows the results of the strategic 
choices made in the other perspectives.  By making 
fundamental positive changes in their operations, the 
financial numbers will take care of themselves.  The set 
of metrics chosen in this study under this perspective 
were:  12% return on equity to be achieved, 20% 
revenue growth, 2% reduction in cost of capital and 
7% reduction in production cost.

METHODOLOgY

This paper used the Balanced Score Card approach 
proposed by (Robert Kaplan and David Norton, 1992) 
and the model adopted by (Brown and Gibson, 1972) 
along with the extension to the model provided by 
(Raghavan and Punniyamoorthy, 2003) to arrive at a 
single measure called Effectiveness Score (ES).  This 
score was used to compare the differences between 
targeted performance and actual performance of any 
organisation.

According to the Balanced Scorecard Collaborative, 
there are four barriers to strategic implementation:

1. Vision Barrier – No one in the organisation 
understands the strategies of the organisation.

2. People Barrier – Most people have objectives that 
are not linked to the strategy of the organisation.

3. Resource Barrier – Time, energy, and money are 
not allocated to those things that are critical to the 
organisation.  For example, budgets are not linked 
to strategy, resulting in wasted resources.

4. Management Barrier – Management spends too 
little time on strategy and too much time on 
short-term tactical decision-making. 

All these observations call for not only developing 
proficiency in formulating an appropriate strategy 
to make the organisational goals relevant to the 
changing environment but also call for an effective 
implementation of the strategy. 

EFFECTIVENESS SCORE FOR THE BALANCED 
SCORECARD (ESBSC)

The Balanced Scorecard in its present form certainly 
eliminates uncertainty to a great extent as compared 
to the traditional financial factors based performance 
measurement systems.  However when this study set 
out to measure the actual performance against the 
targeted performance, most of the criterions was met. 
For some factors, actual performance was greater 
than the targeted performance, and for others, it was 
less.  Therefore for the decision makers there might 
be some kind of confusion regarding the direction in 
which the organisation is going.  That is, the decision 
maker might not be clear whether the firm is improving 
or deteriorating. This is because the firm might have 
achieved the desired performance in the not-so-vital 
parameters but would have failed to show required 
performance in many vital parameters.  Hence, it 
becomes imperative to provide weightage for the 
factors considered, so as to define the importance to 
be given to the various parameters.  This will provide 
a clear direction to the management to prioritise the 
fulfillment of targets set for those measures which 
were ascribed a larger weightage. 
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The organisation can reasonably feel satisfied if it 
were able to achieve the targets set for it, as it would 
encompass all the performance measures.  Basically, 
“The Balanced scorecard” wass constructed by taking 
into account all the strategic issues.  The effectiveness 
score, which this study suggests, is basically derived 
for the balanced score card.  The single benchmark 
measure “The Effectiveness Score for the Balanced 
Scorecard” created would clearly mean that the firm 
will be reasonably be in a position to  evaluate the 
achievement of  the strategic targets.  In short, it is a 
single benchmarking measure, which evaluates under- 
or over-achievement of the firm in respect of fulfilling 
the goals set by the organisation.  It can also provide 
variations of the actual measure from the targeted 
measure under each of the factors considered. Thus 
the framework suggested in this paper will provide a 
single benchmark information for the decision makers 
to take appropriate action and concentrate on such 
measures which would result in the achievement of 
the strategic needs of the company. 

DEVELOPMENT OF EFFECTIVENESS SCORE (ES) 

Let us now see the development of Effectiveness Score 
Model for Balanced Scorecard.  As discussed earlier 
the Balanced Scorecard divides all the activities under 

four perspectives.  The perspectives, the measures 
under each perspective, the target and actual values 
of each measure were analysed in a framework as 
shown in Figure 2.

The Target Performance (TP) and Actual Performance 
(AP) were calculated using the following method:

Balanced score for Balanced scorecard 
(Target Performance) 
= a1(b1c1+b2c3+b3c5) + a2(b4c7+b5c9) 
   +a3(b6c11+b7c13) + a4(b8c15)  (1)

Balanced score for Balanced scorecard 
(Actual Performance) 
= a1(b1c2+b2c4+b3c6) + a2(b4c8+b5c10) 
   +a3(b6c12+b7c14) + a4(b8c16)   (2)

There are four Levels in the Effectiveness Score for 
Balanced Scorecard Model.

Level I:  The first level is the goal of the model.

Level II:  This level consists of the criteria for evaluating 
organisational performance under the following 
categories:

Figure 2.  Framework for calculating the Balanced Score for Balanced Score Card
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•	 Financial	Perspective	(a1)
•	 Customer	Perspective	(a2)
•	 Internal	Business	Process	Perspective	(a3)
•	 Learning	and	Growth	Perspective	(a4)

Level III: Each Perspective may have sub-criteria for 
measuring organisational performance.  To measure 
each criterion or sub-criteria measures were identified.  
These were referred to as bi

Level IV:  For each measure, identified targets were set. 
These target performance values were then compared 
with the actual performance achieved.  In nutshell, the 
score was arrived based on the relative weightages of 
the items incorporated in the model, based upon the 
classification suggested in the Balanced Scorecard 
approach.

The factors of level II and level III were evaluated using 
the Preference theory.  The relative weightage for each 
factor was arrived at by pair wise comparison using the 

preference theory.  These factors were compared pair 
wise and 0 or 1 was assigned, based on the importance 
of one perspective over another.  In each level the 
factor’s relative weightage was established by pair wise 
comparison.  In the process of comparison, if the first 
factor were more important than the second factor, 1 
for the first and 0 for the second were assigned.  If the 
first factor were less important than the second factor, 
0 for the first and 1 for the second were assigned.  If both 
perspectives were valued equally, 1 was assigned for 
both perspectives.  When the values were assigned, it 
was seen that results of the comparison decision were 
transitive. i.e., if the factor 1 were more important than 
factor 2 and factor 2 were more important that factor 
3, then the factor 1 was more important than factor 3. 
The factors of level IV were grouped into financial and 
non-financial factors to measure the effectiveness of 
the organisation’s activity.  The financial factors were 
cost and benefit. Non-financial factors were classified 
into factors related with time dimensions and other 
factors. The above said factors were then brought 
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Figure 3.  Framework for calculating Level IV – Alternatives
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under categories, those which were maximised, and 
the factors which were minimised. 

A general expression was then framed, considering 
the entire set of factors.  The expression was framed 
in such a manner that the factors were converted 
into consistent, dimensionless indices.  The sum of 
each index was equal to 1.  This was used to evaluate 
the factors in order to assist to arrive at the relative 
weightage at the lowest level.  This was the framework 
developed by (Ragavan, 2003).

ESI = BMI (1/ Σ BM) + [CMI Σ (1/CM)]-1 
         + BTI (1/Σ BT) + [TMI Σ (1/TM)]-1 
         + NFI (1/Σ NF) + [NFMI /Σ 1/NFM]-1  (3)
Where
ESI =  Effectiveness score for alternative ‘I’
BMI =  Benefit in money for alternative ‘I’
BTI    =  Benefit in time for alternative ‘I’ 
CMI =  Cost to be minimised for alternative ‘I’ 
TMI =  Time to be minimised for alternative ‘I’ 
NFI =  Non financial factors for alternative ‘I’ to be 

maximised
NFMI = Non financial factors for alternative ‘I’ to be 

minimised

The relative weightage for all the factors were arrived 
and the Effectiveness Score for the Balanced Scorecard 
was arrived using equations (1) and (2) for sample 
framework given in Figures 2 and 3.  How the company 
had fared was made by comparing the figures of 
targeted performance and the actual performance.

LIMITATION OF THE RESEARCH

Level II and Level III factors were evaluated using 
preference theory which has certain limitations. In the 
comparison of the degree of importance of one factor 
over another and by assigning 1 for a factor and 0 for 
another, meant that 0 importance is attached to that 
factor.  There is a possibility, that the factor be uniformly 
0 in value in all the pair wise comparisons. This would 
result in a factor getting 0 relative importance.  In 
other words, in a decision, a 0 value factor does get a 
role, which is not necessary.

FUTURE PROSPECT OF THE RESEARCH

To remove the abovesaid limitation, future research 
may be carried out to evaluate criteria (ai ’s) and the 
sub-criteria (bi ’s) by using Analytic Hierarchy Process 
(AHP). Even by adopting AHP, pair wise comparisons 
can be made and different values be assigned based 
on the degree of importance ranging from 1-9.  The 
reciprocal values can also be assigned based on 
the importance of one factor over the other. This 
may provide further refinement towards adequate 
weightages to the relevant criteria and sub-criteria.

CONCLUSION

Knowledge management, as a long term strategy, 
could use BSC to help the company align its 
management processes which focuses the entire 
organisation in its implementation.  Without a proper 
performance measuring system, most organisations 
were not able to achieve the envisioned KM targets.  
BSC provided a framework for managing the 
implementation of KM while also allowing dynamic 
changes in the knowledge strategy in view of changes 
in the organisational strategy, competitiveness and 
innovation. There were many attempts made to show 
the efficacy of the usage of the balanced scorecard 
for showing better performance.  While retaining all 
the advantages that were made available by using the 
balanced score card approach in providing a frame 
work for showing better performance, a process of 
calculating a benchmark figure called “Effectiveness 
score” was added for the analysis. This study identified 
parameters whose actual performance varied from 
the targeted performance and found their relative 
proportion of adverse or favourable contributions 
to the performance of the company by assigning 
appropriate weights for such parameters whether 
financial or non-financial.  Therefore, this study was 
in the position to objectively capture the reason for 
variations in the performance from the targeted 
levels in all the functional areas of the business with 
the use of the concepts of balanced scorecard as well 
as applying the extended information arising out of 
arriving at the “Effectiveness score for the balanced 
scorecard”. In conclusion, arriving at this score by 
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and large is considered a powerful approach in 
formulating a business excellence model.  This would 
certainly help users of this approach to make an 
objective evaluation while implementing the same in 
their business environment. 
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INTRODUCTION

One of the most challenging tasks for language 
instructors is to provide practical learning 
environments for the students.  In recent years, Virtual 
reality (VR) and 3D virtual learning environment (3D 
VLE) have become increasingly explored. VR, through 
simulations, could help overcome the limitations 
of language learning within the four walls of the 
classroom.  The potential of VR in education however 
is exploited only quite recently by educators and 
institutions [1]. [2] defines VR as “an experience in 
which a person is surrounded by a three-dimensional 
computer-generated representation, and is able 
to move around in the virtual world and see it from 
different angles, to reach into it, grab it and reshape 
it” [3]. 

3D VLE is a learning and teaching program that makes 
use of a multi-user virtual environment or a single 
user virtual environment to immerse students in 
educational tasks [4].  The interactive and 3D immersive 
features of a built virtual environment would provide 
the learners a rich, interactive and contextual setting 
to support experiential and active learning.  This paper 
therefore aims to present the conceptual framework 
of a 3D VR to simulate environments of the offshore 
oil platform for technical learners.  Such simulation 
and virtual environment of the offshore platform 
will provide learners with an opportunity to acquire 
relevant effective technical communication skills in 
their target workplace community.  The paper will 
thus first discuss the underlying theories and recent 
research work on virtual environment in education. 
The conceptual framework for implementation of 
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ABSTRACT

This paper presents a conceptual framework for teaching technical writing using 3D virtual reality technology 
to simulate a contextual learning environment for technical learners.  The 3D virtual of a virtual environment of 
the offshore platform is proposed to provide learners with an opportunity to acquire effective communication 
skills in their target workplace community.  The goal of this project is to propose a virtual environment with real-
world dynamic contents to develop effective technical writing.  The theories and approaches to teaching and 
learning underlying the conceptual framework of the virtual reality (VR) will be discussed. The architecture and 
the technical aspects of the offshore platform virtual environment will also be presented. These include choices 
of rendering techniques to integrate visual, auditory and haptics in the environment.  The paper concludes with 
a discussion on pedagogical implications. 
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VR to second language technical writing learners will 
also be presented.  The paper will also present the 
basic architecture and the technical aspects of the 
offshore platform virtual environment.  The discussion 
includes choices of rendering techniques to integrate 
visual, auditory and haptics in the environment.  The 
paper concludes with a discussion on pedagogical 
implications. 

LITERATURE REVIEW

Many attempts have been made to develop immersive 
learning environments [5, 6, 7, 8]. [6] highlighted 
several memorable yet still ‘living’ environments that 
include applications for medical students studying 
neuroanatomy developed as early as in the 1970s, 
and a system for beginners learning a particular 
language [9].  The goal for developing such virtual 
worlds is to facilitate learning since the environment 
enables self-paced exploration and discovery to take 
place.  A learner can engage in a lesson that is based 
on learning by doing and is able to understand the 
subject matter in context.  Among the advantages of 
using 3D VLE for teaching and learning include the 
sense of empowerment, control and interactivity;  the 
game-like experience, heightened levels of motivation; 
support visual learners;  allow self-awareness, support 
interaction and enable real-time collaboration and 
ability to situate students in environments and context 
unavailable within the classroom [4].

From the educational perspective, virtual 
environments are considered as a visualisation tool 
for learning abstract concepts [6]. Touch the Sky, 
Touch the Universe [5] is a virtual environment that 
represents a dynamic 3-D model of a solar system. 
It aims towards providing students with a more 
intuitive understanding of astronomy and contributes 
to the development of essential visual literacy and 
information-processing skills.  Another example that 
emphasises virtual environment as a visualisation 
tool is NICE [7], an immersive participatory learning 
environment for young learners aged 6 to 10.  The 
application enables the children to grow plants by 
manipulating variables such as water and light in the 
virtual world.  This environment supports immediate 

visual feedback to the learners and provides learning 
experience visualising complex models of ecological 
systems.  Among other examples of similar focus 
are the virtual worlds in ScienceSpace [8], and Water 
on Tap [10].  The ScienceSpace project consists of 
three virtual worlds: NewtonWorld, MaxwellWorld, 
and Pauling World; all of which allow students to 
investigate concept of Physics. On the other hand, 
Water on Tap is a Chemistry world where students 
learn about the concepts of molecules, electron, and 
atoms. In general, most virtual worlds developed rely 
mainly on the visual representation in order to learn 
complex and abstract scientific concepts. 

In developing a virtual world with real-world dynamic 
contents, visual cues should be complemented with 
other modalities such as sound and touch to create an 
immersive environment. [8] applied both elements of 
sound and touch to complement visual in the virtual 
worlds.  They argued that multisensory cues assisted 
students’ experience phenomena and focus their 
attention to important factors such as mass, velocity, 
and energy. In all three virtual worlds developed, 
students interact with the environments using a 3-Ball, 
a three-dimensional haptic mouse. The vibration from 
the mouse is an indication for a tactile cue whereas an 
audible chime is provided for the auditory.  During the 
interactions, tactile and visual cues were utilised to 
emphasise the potential energy concept, and auditory 
and visual cues to make velocity more salient. Another 
example of virtual world that supports multimodal 
cues for interactions is The Zengo Sayu [9], a virtual 
environment for Japanese Language Instruction.  
This system allows the use of combined voice and 
gesture recognition in an educational setting.  It was 
designed to teach Japanese prepositions to students 
who have no prior knowledge of the Japanese 
language.  Students can hear digitised speech 
samples representing the Japanese name of many 
virtual objects and their relative spatial location when 
touched by the user in the virtual environment.  Even 
though multimodal cues assist in creating a sense of 
presence in a virtual environment, such integration 
needs careful consideration as some modalities such as 
touch sensation is very context dependent [10];  thus, 
a reason for touch modality being scarcely considered 
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for a virtual environment.  However, in order to obtain 
a dynamic virtual environment, there is a need to take 
into account other modalities besides visual so that a 
more meaningful interaction similar to that in the real 
world could be supported.

Virtual reality environments have in fact generated 
high interest amongst language professionals. It 
is argued that immersion of the target language is 
essential to learn a language and simulations through 
virtual reality offers such learning experience. Thus, 
a number of VR environments for language learning 
have been constructed. As mentioned earlier, an 
example of language learning environment is Zengo 
Sayu [9], developed by Howard Rose.  The VR Japanese 
language learning environment allows students to 
interact with objects which talk. 

In the context of language learning classroom, the  
most beneficial characteristic about 3D virtual 
environments is that they provide a first-person form  
of experiential learning [18].  Most lessons today 
however are based on textbooks, which the knowledge 
is based on a third-person’s knowledge.  It was further 
argued [18] that the qualitative outcomes of third-
person versus first-person learning are different in that 
in the case of the former, the learning outcomes are 
shallow and retention rates are usually low.  He further 
argued that through virtual reality, learners learn 
language through own experiences with autonomy 
over their own learning.   

In the quest for authentic learning materials to be 
used in a language classroom, [11] examined three 
virtual zoos on the net for language learners to 
explore.  It is argued that by using authentic learning 
materials, it may make a personal connection with the 
learners.  Language learning is thus presented in a 
contextualised manner where the subject matter can 
be meaningful and relevant to the learners.  [12] also 
advocated the use of authentic texts to teach language 
skills provides learners with real-life opportunities to 
use the target language.

In the case of technical writing learners, the use 
of authentic language, in the context of technical 

communication which is made highly relevant and 
personal to the learners, would seem to be best 
represented in the form of a simulation of their future 
workplace environment that is the oil platform. 
With this in mind, the researchers seek to design a 
conceptual framework for teaching technical writing 
using 3D virtual reality technology at the offshore oil 
platform.

THE CONCEPTUAL FRAMEWORK

A line of research indicates that language learning 
should be facilitated by pedagogically sound 
instruction [11].  It is further argued that learning 
activities are supposed to be contextualised and 
to some extent relevant to the learners [12].  A 
technical writing course that aims to help learners 
write the different kinds of technical writing is thus 
contextualised and tailored to prepare them for 
their future professional discourse community.  The 
underlying rationale in a technical writing course is 
that the learners need to learn specific ways to write 
(e.g. memorandums, proposal, reports and technical 
descriptions) to participate effectively in their future 
working environment as engineers.  Writing therefore, 
in this course, stresses on the notion that writing varies 
with the social context where it is produced, that we 
have many kinds of writing with different situations 
[13].  With this in mind, the learners were exposed 
to good models of many types of technical writing 
as materials.  As pointed out by [14], “learners are 
often found incapable to replicate the expert generic 
models due to their communicative and linguistics 
deficiencies” (cited in [13]:370).  It was found motivating 
to the learners to be exposed to “good ‘apprentice’ 
generic exemplars, which can provide a realistic model 
of writing performance for undergraduate students” 
[13]. 

Such an approach to teaching technical writing, 
though contextualised within the learners’ domain, 
however, has its limitations.  Language practitioners do 
not only face the challenge to make learning relevant 
to the students’ needs in their future workplace 
but also to provide learners with practical learning 
environments.  There has indeed been a limited 
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number of researches reported in exploiting human 
capabilities mainly the visual, sound and touch senses 
to create such environments. VR through simulations 
could help overcome the limitations of a technical 
writing course. 

As many of the students in this institution will serve 
at the various local and international oil and gas 
companies, the proposed conceptual framework 
utilises a simulated environment of the offshore 
oil platform to provide the contextual learning 
environment for teaching technical writing to these 
learners.  The virtual environment of the offshore 
platform is expected to provide the learners an 

opportunity to acquire effective communication skills 
in their target workplace community.  Figure 1 shows 
the proposed framework. 

In the initial phase of the framework, learners would 
first be exposed to the type of writing required in their 
future workplace as a classroom activity.  Following the 
familiarisation of different types of technical writings, 
these engineering students would then be presented 
with the relevant 3D virtual world, in this case an 
oil platform.  This second phase would take place 
in the English language laboratory equipped with 
computers whereby each student would be assigned 
to a computer.  Despite this individual assignment, 
students would be working collaboratively, sharing 
the same virtual world and interacting with each 
other.  As these students walk around the virtual oil 
platform they could talk to other students via their 
avatars’ representations, who would assume different 
roles e.g. the supervisor, mechanical engineer, civil 
engineer etc.  They may interact and discuss with one 
another on the task assigned to them by the instructor. 
For example, there maybe equipment malfunction 
at the platform and the student would be required 
to identify the problem and write an equipment 
evaluation report to the supervisor.  The learners thus 
need to communicate and discuss with one another, 
whoever assumed the different roles.

Learners need to relate the purpose of writing to the 
subject matter, the writer/audience relationship and 
the mode or organisation of the text. This requires 
the learners to examine their surrounding and the 
current social context. This thus would offer learners a 
view of how different texts are written in accordance 
to their purpose, audience and message [15].  The VR 
application would provide students with note-taking 
functionalities to enable them to collect and write 
relevant information and comments during their 
virtual walkthrough.  These notes should be easily 
accessible later when the students prepare their report. 
Students were expected to decide the type of report 
to write during exposure to the virtual environment. 
After being exposed to the organisation and language 
used in the texts, learners then go through a multiple-
drafts process, again as a classroom activity. Instead of 
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turning in a finished product right away, learners will 
be asked for multiple drafts of a work.  Rewriting and 
revision are integral to writing, and editing is an on-
going multi-level process, which consists of: planning, 
drafting and finally publishing the end product – the 
report.  The report would then be submitted to the 
supervisor (a role assumed by a student) who would 
read and examine the report.  Figure 2 illustrates the 
main features in the teaching of writing equipment 
evaluation report.

OFFSHORE PLATFORM VIRTUAL ENVIRONMENT 
ARCHITECTURE 

The aim of developing an offshore platform virtual 
environment (OPVE) is to provide a simulation of 
the actual workplace where learners could acquire 
effective communication skills through experiential 
and active learning.  As such, it is necessary to develop 
a virtual world that closely mimics the real offshore 
platform environment.  Considering the complexity 
of modeling this environment using 3D modeling 
software, the following approach is proposed.  A 
series of photographs of the oil platform environment 
will be taken using a digital camera and a Novoflex 
VR-system PRO Panaroma Adaptor.  The later allows 
multi-row and spherical stitched pictures and 
panaroma views to be created using a software called 
Easypano Tourweaver Professional. This software 
allows users a virtual walkthrough and exploration 
of the 3D realistic images of the offshore platform 
environment.  Hotspots will be created for ease of 
navigation and for users to quickly move to specific 
locations.  Information and instruction texts as pop-
ups are provided to further assist student explore 
and perform the assigned tasks.  The OPVE resides in 
a computer server and can be accessed by students 
via their computer desktops. These concepts could 
be extended to multi-user collaborative work to allow 
several users to share the OPVE, create representations 
of the users, communicate and interact with each 
other via graphics, audio, text and gestures in real-
time over a network (Figure 3).
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PEDAgOgICAL IMPLICATIONS

There are several pedagogical implications that can be 
drawn from this paper. First of all, it is acknowledged 
that much of current research work in the design of 
VR focuses on the technology itself and laboratory 
prototypes.  This paper however proposes a conceptual 
framework for the use of VR as a tool in the teaching 
and learning of technical writing.  The increasing use 
of Information and Communication Technologies 
(ICT) in the education field over the last decade has 
put pressure on second language (L2) writing teachers 
to embrace what computers and technology offer. 
Technology has its place and has quite an impact on 
L2 writing instruction.  As reminded by [16], language 
and communication “…teachers should be prepared 
to bring computers into the centre of their own 
pedagogical practice” [16].  New technology-based 
pedagogies have been increasingly integrated into L2 
writing instruction that is believed could improve the 
learners’ communication skills. 

The obvious difference between the 3D VR simulation 
and the traditional textbook is that the 3D environment 
provides students with learning activities that are very 
much action-oriented.  It allows the learners to directly 
experience for themselves the thing they seek to learn 
[17].  Such approach provides the learners with a ‘first-
person form of learning’ instead of using solely text 
books in traditional classroom [18].  Such approach 
is very much in line with the task-based approach in 
teaching which is propagated by [19].  In such task-
based teaching, students are required to engage in 
interaction in order to fulfill a task.  [20] stated that 
“The role of tasks has received further support from 
researchers in second language acquisition who were 
interested in developing pedagogical application of 
second language acquisition theory” (cited by [21]: 
223).  Task-based learning, as proposed in this paper, 
focuses on the process of learning and problem-solving 
as it is organised around a set of tasks that are related 
to real life.  [22] defines task as a “piece of meaning-
focused work involving learners in comprehending, 
producing and/or interacting in the target language, 
and that tasks are analysed or categorised according 
to their goals, input data, activities, settings and 

roles”.  The tasks allow interactions between learners 
and the linguistic environment, as the learners focus 
on participating in the tasks actively to solve the 
“real-world problem” or the “pedagogic problems”. 
For example, if there is an equipment malfunction, 
the learners would need to identify the problem 
and come up with an equipment evaluation report. 
In this way, learners could put writing activities in a 
relevant context which can facilitate and enhance 
internalisation of target language and report writing 
skills. 

[20] further argued that “the underlying language 
systems” will develop while the students carry out the 
task.  The language systems acquired are within the 
specific genre in the context of real-world oil platform. 
The acquisition of such relevant language system and 
genre is crucial to enable students to produce a report 
in such contextual setting.  According to [23], genre 
referred to “abstract, socially recognised ways of 
using language”, which is used by the students’ future 
professional community (engineers and technical 
workers at the oil platform).  As argued by [24] “a 
virtual environment to learn the target language 
would be very helpful for the learner to acquire the 
needed knowledge for communication in the social 
and cultural sense” – in the case of this paper, the 
social and the cultural environment of technical 
engineers at the oil platform.  This would also help to 
minimise the gap between classroom activities and 
the professional setting.

Another pedagogical implication is in the use of the 
teaching materials.  For a long time, education has 
relied on pictures and drawings to describe a variety 
of objects or mechanisms.  The graphics used in VR 
can be of great assistance in the teaching and learning 
activities.  [25], for example, proved the effectiveness 
of using software visualisation and animation in 
teaching robotics and describing mechanical systems 
to undergraduate engineering students.  Such 
simulation-based learning overcomes the limitations 
in using textbooks.  In contrast to pictures in textbooks, 
students in classrooms using VR are presented with 
virtual objects in natural situations supporting the 
communicative tasks they need to perform.  When 
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learners are very much involved in the materials that 
they learn this leads to a more effective learning to 
take place as the traces of information would be more 
vivid in the minds.

CONCLUSION

Teaching using 3D graphics has evolved as there 
is a tremendous advancement in the hardware 
and software technology.  VR offers potentials in 
education.  Teaching and learning activities can be 
greatly facilitated by the use of VR which helps to 
minimise the gap between the classroom and the 
professional world.  Since the paper presented here 
offers only the conceptual framework, researchers 
and educators should perhaps conduct an empirical 
study on its implementation in a technical writing 
classroom.  Such empirical study could evaluate the 
effectiveness of such approach to teaching technical 
communication by testing the students’ performance 
in tests.  Students’ performance in a traditional 
classroom situation may be compared to the students’ 
performance in the classroom using VR.  Future 
research could also look into student’s perception of 
such approach through a more qualitative study.  
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INTRODUCTION

Image enhancement is a digital signal processing 
branch aimed at assisting image visual analysis. It is 
widely used in medical, biological and multimedia 
systems to improve the image quality.  Theoretically, 
image enhancement methods may be regarded as an 
extension of image restoration methods.  However, in 
contrast to image restoration, image enhancement 
frequently requires intentional distorting of image 
signals such as exaggerating brightness and colour 
contrasts, deliberate removal of certain details that 
may hide important objects, converting gray scale 
images into colour, etc [1].  In this sense, image 
enhancement is image preparation or enrichment in 
the same meaning these words have in mining.  An 
important peculiarity of image enhancement as image 
processing is its interactive nature.  The best results in 

visual image analysis can be achieved if it is supported 
by a feedback from the user to the image processing 
system.

In outdoor scenes, we are very often confronted with 
a very large dynamic range, resulting in areas which 
are too dark or too light in the image.  Saturation and 
underexposures are common in images due to limited 
dynamic range of the imaging and display equipment.  
This problem becomes more common and severe 
when insufficient or non-uniform lighting conditions 
occurs.  Current cameras and image display devices 
do not have a sophisticated mechanism to sense the 
large dynamic range of the scene. 

There exists a number of techniques for colour 
enhancement mostly working in colour spaces which 
transform the Red, Green, Blue monochromatic 

MULTI-SCALE COLOR IMAgE ENHANCEMENT  
USINg CONTOURLET TRANSFORM
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ABSTRACT

Images captured with insufficient illumination generally have dark shadows and low contrast.  This problem 
seriously affects other further processing schemes like human visual perception, face detection, security 
surveillance etc. In this study, a multi-scale colour image enhancement technique based on contourlet transform 
was developed.  Contourlet transform has better performance in representing the image salient features such 
as edges, lines, curves and contours than wavelet transform because of its anisotropy and directionality.  It is 
therefore well-suited for multi-scale edge based colour image enhancement.  The image was first converted 
from RGB (red, green, blue) to a CIELUV (L is for lightness) model and then the contourlet coefficients of its L 
component were adjusted to preserve the original colour using modified power law transformation function. 
The simulation results showed that this approach gave encouraging results for images taken in low light and/or 
non-uniform lighting conditions.

Keywords:  Contrast enhancement, contourlet transform, wavelet transform, transfer function, colour space.



146

Technology Platform:  APPLICATION OF INTELLIGENT IT SYSTEM

PLATFORM   VOLUME Six NUMBER twO  jULy - dEcEMBER 2008

space to the perceptually based hue, saturation and 
intensity colour space.  The techniques, such as simple 
global saturation stretching [2], hue dependent 
saturation histogram equalisation [3], and intensity 
edge enhancement based on saturation have been 
attempted in this space.  Among others, there are 
methods based on Land’s Retinex theory [4] and 
non-linear filtering techniques in the XY chromaticity 
diagram [5].  

The multi-scale Retinex (MSR) introduces the concept 
of multi-resolution for contrast enhancement.  Ideally, if 
an image can be decomposed into several components 
in multiple resolution levels, where low pass and high 
pass information are kept separately, then the image 
contrast can be enhanced without disturbing any 
details [6].  At the same time, image detail can also 
be emphasised at a desired resolution level, without 
disturbing the rest of the image information;  finally, 
by adding the enhanced components together, a 
more impressive result can be obtained. 

The Wavelet transform approach [7] consists of first 
transforming the image using wavelet transform. 
The wavelet coefficients at each scale are modified 
using a non-linear function which is defined from the 
gradient from coefficients relative to horizontal and 
vertical wavelet bands.  Finally, the enhanced image 
is obtained by the inverse wavelet transform of the 
modified coefficients.

This study is of the opinion that the wavelet 
transform may not be the best choice for the contrast 
enhancement of natural images. This observation 
is based on the fact that wavelets are blind to the 
smoothness along the edges commonly found in 
images. 

The contourlet framework provides an opportunity 
to achieve these tasks.  It provides multiple resolution 
representations of an image, each of which highlights 
scale-specific image features.  Contourlet transform has 
better performance in representing the image salient 
features such as edges, lines, curves and contours 
than wavelet transform because of its anisotropy 
and directionality.  Since features in those contourlet 

transformed components remain localised in space 
many spatial domain image enhancement techniques 
can be adopted for the contourlet domain.[8].

For high dynamic range and low contrast images, 
there is a large improvement by contourlet transform 
enhancement since it can detect the contours and 
edges quite adequately.

In this paper, a new image enhancement algorithm is 
presented.  The method for colour image enhancement 
is based on multiscale representation of the image. 
The paper has four sections. Section two discusses 
the contourlet transform. Section three discusses the 
enhancement technique. Section four shows some 
experimental results and concludes the experiment.

CONTOURLET TRANSFORM

For image enhancement, one needs to improve the 
visual quality of an image without distorting it.  Wavelet 
bases present some limitations, because they are not 
well adapted to the detection of highly anisotropic 
elements such as alignments in an image.  Recently, 
Do and Vetterli [8] proposed an efficient directional 
multi-resolution image representation called the 
contourlet transform.  Contourlet transform has better 
performance in representing the image salient features 
such as edges, lines, curves and contours than wavelet 
transform because of its anisotropy and directionality.  
It is therefore well-suited for multi- scale edge based 
colour image enhancement. 

The contourlet transform consists of two steps:  
the sub-band decomposition and the directional 
transform [8].  A Laplacian pyramid is first used to 
capture point discontinuities, followed by directional 
filter banks to link point discontinuity into lineal 
structure.  The overall result is an image expansion 
using basic elements like contour segments and is 
named after it, contourlet transform.  Figure 1 shows a 
flow diagram of the contourlet transform.  The image 
is first decomposed into sub-bands by the Laplacian 
transform and then each detail image is analysed by 
the DFB.
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Figure 2 shows the contourlet filter bank.  First, multi-
scale decomposition by the Laplacian pyramid, and 
then a directional filter bank is applied to each band 
pass channel.

An example of contourlet decomposition coefficients, 
four level pyramid transforms followed by 3, 4, 8 and 
4 directional decomposition from fine to coarse levels 
respectively is shown in Figure 3. 

IMAgE ENHANCEMENT ALgORITHM

For colour images, the colour is specified by the 
amounts of Red (R), Green (G) and Blue (B) present.  
Applying the grayscale algorithm independently to 
the R, G, and B components of the image, will lead to 
colour shifts in the image and is non-efficient, thus 
unwanted.  For enhancement purposes the RGB image 
is converted to one of the perceptual colour spaces. 
HSI (Hue, Saturation and Intensity), and LUV (L is for 
Lightness,) are the most commonly used perceptual 
colour spaces.  LUV is claimed to be more perceptually 
uniform than HSI [9].  The colour space conversion can 
be formulated as follows.

To convert RGB to LUV, RGB was first converted to XYZ 
components then XYZ to LUV.
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The quantities un’, vn’ Xn, Yn, Zn were chromaticity 
coordinates of a specified white object, which may 
be termed as the white point.  For a perfect reflecting 
diffuser under D65 illuminant and 2° observer un’ 
= 0.2009, vn’ = 0.4610.  Xn = 0.950456, Yn = 1, Zn = 
1.088754. 

The most straightforward method would be to use 
the existing grayscale algorithm for colour images by 
applying it to the lightness component of the colour 
image and leaving the chromaticity unaltered.  The 
contourlet transform was used to decompose the 
lightness component into multi-scales for better 
representation of major geometrical components of 
the image like edges, contours and lines.  

Figure 1.  Contourlet transform framework. Figure 2.  Contourlet filter bank.

Figure 3.  Contourlet coefficients
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The edges as features of an image contained useful 
information that belonged to the high frequency 
component.  Human visual system is more sensitive 
to the edges than the homogeneous regions.  Thus 
the sharpness of the edges should be preserved.  The 
contourlet transform has a better representation to 
major geometrical parts, that is, edges, of images.  
So it is the best candidate for edge based contrast 
enhancement.

The contourlet transform is a hierarchy of resolution 
information at several different scales and orientations.  
At each level, the contourlet transform can be reapplied 
to the low resolution sub-band to further decompose 
the image.  An image I can be characterised as, for 
four decomposition levels: 

AjI= A j+1I+ D1
J+1I+D2

j+1I+D3
J+1I + D4

J+1I  (5)

The enhanced image:

ÃjI= Ãj+1I + [F1
j+1(D1

j+1I) + F2
j+1(D2

j+1I) + F3
j+1(D3

j+1I)+ F4
j+1(D4

j+1I)]      
(6)

The important feature in contourlet transformed 
components is that they remain localised in space. 
Thus, many spatial domain image enhancement 
techniques can be adopted for the contourlet 
domain.  The following non-linear mapping function 
were applied to modify the contourlet coefficients.  
Contourlet transformed images were treated by an 
enhancement process to elevate the values of low 
intensity pixels using a specifically designed non-
linear transfer function F, defined as:

( ) ( )( )
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1*5.0*1 )2()25,075.0(
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−+ +−−+
=  

(7)

This function is a modified power law transfer 
function.  It is a sum of three simple functions to 
control the shape of the curve.  It can be seen in 
Figure 4 that this transformation largely increases the 
luminance of darker pixels (regions) while brighter 
pixels (regions) are less enhanced.  Thus this process 
serves as dynamic range compression.  Therefore, the 
line shape of the transfer function is important no 
matter what mathematical functions are used.  Simple 

functions are applied for faster computation.  The 
range for z if [0 1].

Figure 4.  Transfer function for different values of z.

The function can be image dependent using z as 
follows, 
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Lmax is the maximum value of the sub-band image. 
Thus each sub-band image was enhanced using 
different enhancement function.

The over all system algorithm can be summarised in 
Figure 5. 

Original Image

R G B

Convert to LUV color space

Contourlet Transform L part

Modify the coefficients

Inverse contourlet transform

Inverse color transform

Enhance Color Image

L U V

L1 U V

Figure 5.  The overall algorithm in block diagram
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RESULTS AND DISCUSSION

The proposed algorithm has been applied to enhance 
a large number of digital images for performance 
evaluation and comparison with other algorithms. 
Some typical results and discussions are given 
below. The image was first decomposed into four 
decomposition levels using pyramid transform 
and 3, 2, 4, and 16 directions from fine to coarse 
decompositions levels respectively.

The algorithm was applied to the image captured at 
a low lighting condition in Figure 6(a).  The enhanced 
image has good quality with fine detail revealed and 
a well balanced colour distribution. 

The second test image was captured under very low 
lighting condition.  Figure 7(a) shows the original image 
in which the background is entirely invisible.  The 
enhancement algorithm performed very well in these 
kinds of images;  it enhanced the almost completely 
dark region and still preserved the illuminated area. 

The third test image was a low and non-uniform 
lighting condition as shown in Figure 8.  It can be 
seen that the brightness of the light source affects the 
display of the cars and the building, where many details 
are not visible.  The enhancement algorithm tried to 
balance the lighting condition the enhanced image 
reveals an improved display of the entire image.

The algorithm was compared with most common 
contrast enhancement methods such as, Histogram 
equalisation (HE), Contrast Limited Adaptive Histogram 
Equalisation (CLAHE) and the Wavelet transform (WT) 
method.  One objective function, called Structural 
Similarity index (SSIM) [10] was used to measure the 
performance of the algorithms. 

Structural similarity index is a measure of structural 
information change.  It assumes one perfect reference 
input image and measures the similarity.  It uses three 
comparisons: luminance, contrast and structure. 
Suppose x and y are two non-negative images, the 
structural similarity index is defined as follows.  It 
ranges from 0 to 1, where 1 is 100% similarity.  The 
constants C1, C2 and C3 are included for mathematical 
stability.

))((

)2)(2(2
),(

2
22

1
22

21

cc

cc
yxSSIM

yxyx

xyyx

++++

++
=

σσµµ

σµµ
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Figure 9 shows a sample comparison result for 
enhancement methods. The image (Figure 9a) is 
considered as a perfect image and Figure 9(b) is the 
same image taken in low and non-uniform lighting 
condition.  Figures 9(c), (d), (e) and (f) are results of Figure 8.   a) Original image   b) enhanced image

Figure 7.   a) Original image   b) enhanced image

Figure 6.   a) Original image   b) enhanced image

a)

a)

a)

b)

b)

b)
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contourlet transform, wavelet transform, histogram 
equalisation and contrast limited histogram 
equalisation respectively. 

Table 1 shows the SSIM measure of the images in Figure 
8.  The contourlet and wavelet methods gave the same 
index.  But for a human observer the contourlet result 
is more natural and appealing.

CONCLUSION

The simulation results show that the approach of this 
study gave encouraging results for images taken in 
low light and/or non-uniform lighting conditions.

The algorithm is fast using simple mathematical 
transformation function.  Since the images were 
well represented using the contourlet transform, the 
process did not introduce any distortion to the original 
image.  The system has good tonal retention and its 
performance is very good especially in low light and 
non-uniform lighting conditions.
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INTRODUCTION

Nowadays, personality inventories are used globally 
by many big organisations in order to hire good 
quality employees.  A big organisation such as 
PETRONAS could use these personality inventories 
to filter candidates.  Personality inventory could be 
used as part of a self-assessment for career planning 
purposes.  The test results can be enormously helpful 
when determining the kind of career a candidate 
might like to pursue.  Frieswick [1] highlighted that 
as employers start to hire again, they are increasingly 
taking steps to ensure that the hires they make are a 
good fit – not only with the job description but also 
with the people with whom they will be working. 
Therefore, understanding the candidate’s personality 
type will also improve their chance of being happy in 
their work.  This will decrease the amount of turnover 
in an organisation. 

Personality tests or inventories are self-reporting 
measures of what might be called traits, temperaments, 
or dispositions [2].  Different types of tests are used 
for different purposes and personality tests are lately 
being used more frequently.  It is difficult to pinpoint 
which tests are more efficient since it is a very 
subjective area, however, if used correctly personality 
tests can be very effective tools [3].  Research has also 
shown that personality can be used as a predictor [4]. 

In order to create the “perfect” user experience, 
designers should also apply a suitable graphical 
user interface.  Diversity centred approach was 
proposed [5] where the design focused more on 
groups of users, or even on the characteristics of 
individual users.  In another words, designers need 
to understand individual user characteristics, such as 
gender, disabilities or personalities, and relate to user 
preferences for interface properties such as structure, 

AUTOMATED PERSONALITY INVENTORY SYSTEM 

Wan Fatimah Wan Ahmad*, Aliza Sarlan, Mohd Azizie Sidek 
Universiti Teknologi PETRONAS, 31750 Tronoh, Perak Darul Ridzuan, Malaysia 
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ABSTRACT

Personality Inventory is a measurement tool to identify the characteristics or traits of an individual.  Nowadays, 
personality inventory is used globally by many big organisations in order to hire good quality employees. 
Therefore, personality inventory is used as part of self-assessment for career planning purposes.  The paper 
focuses on development of an Automated Personality Inventory System (APIS).  The system can be used as a tool 
for any organisation especially by the Human Resource Department to assess their (potential) possible employee.  
APIS was developed based on the manual Sidek Personality Inventory which determines the characteristics of 
individual personality traits.  The methodology used in developing the system was the Spiral model.  The system 
was developed using PHP, MySQL and Apache Web Server.  The system may be useful for any organisation and 
employee.  The system will help an organisation filter the possible candidate as their employee for the qualified 
job.  The system may also benefit the employee to know their personality type.  It is hoped that the system will 
help an organisation in choosing the right candidate.

Keyword: personality inventory, organisation, career planning, automated, self-assessment.
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layout or shape.  Designers should also segment 
their user population according to these design-
relevant user characteristics and develop customised 
user interfaces.  Therefore, successful customisation 
would probably improve the usability, and the usage 
experience itself.  Users would no longer have to 
accept the traditional uniform design that only targets 
the average user.  Instead, they would have a product 
tailored to their needs which allows them to express 
their individuality.

The goal of the paper is to develop a personality 
inventory system with a suitable user interface.  This 
paper presents an Automated Personality Inventory 
System (APIS) which can be used as a tool for any 
organisation especially for the Human Resource 
Department and to research on the suitable user 
interface in the development.  APIS is developed 
based on the manual Sidek Personality Inventory (IPS).  
Currently, IPS personality test has to be done manually 
where an individual takes a pencil and paper test.

RELATED WORK

A number of personality scales or inventories have 
been implemented and made available online. A 
majority of them focused on single personality 
constructs rather than broad inventories.  However, 
the evaluation of an online personality test was not 
made available [6].

The Hogan Personality Inventory (HPI) provides the 
industry a standard for measuring normal personality 
[7].  HPI predicts employee performance and helps 
companies reduce turnover, absenteeism, shrinkage, 
and poor customer service.  HPI contains seven primary 
scales, six occupational scales, and one validity scale. 
The scales are shown in Table 1.

Another online personality inventory that is available 
is Jung Typology Test [8].  The indicators used in the 
test are divided into four areas: extraversion (E) or 
introversion (I); sensing (S) or intuition (N); thinking (T) 

Table 1.  Hogan personality inventory scales

Primary scales

Adjustment confidence, self-esteem, and composure under pressure.

Ambition initiative, competitiveness, and leadership potential.

Sociability extraversion, gregariousness, and a need for social interaction.

Likeability warmth, charm, and the ability to maintain relationships.

Prudence responsibility, self-control, and conscientiousness.

Intellectance imagination, curiosity, and creative potential.

Learning Approach the degree to which a person is achievement-oriented and stays up-to-date on 
business and technical matters.

Occupational Scales

Service Orientation being attentive, pleasant, and courteous to clients and customers.

Stress Tolerance being able to handle stress; low scores are associated with absenteeism and health 
problems.

Reliability integrity (high scores) and organizational delinquency (low scores).

Clerical Potential the ability to follow directions, pay attention to details, and communicate clearly.

Sales Potential energy, social skill, and the ability to solve problems for clients.

Managerial Potential leadership ability, planning, and decision-making skills.
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or feeling (F); and judging (J) or perceiving (P).  Results 
are usually expressed as four letters indicating the 
respective preferences:  an example would be ENTP.

A NEED FOR A PERSONALISED INVENTORY 
SYSTEM

Organisations want the best people to work for them.  
To achieve this objective they cannot rely only on the 
applicant’s resume.  Sometimes people with good 
and tempting resume might not be as good as they 
claimed.  Applicants could cheat on their resume to 
make it look impressive in the eye of the organisation 
they want to work in.  This has become a problem 
to many organisations as they have to spend a lot of 
time, money and effort in reviewing and screening 
all applications to get the best applicant to fill up the 
vacant posts.  This is where personality inventory 
comes in handy because it helps employers analyse  
and filter out persons best suitable for the job.   
However, good and reliable personality inventories 
are hard to find and design.  Furthermore, most 
personality inventory tests had to be done manually 
with the assistance of psychologists for the best 
outcome. This setting is impractical as the organisation 
has to hire a psychologist for recruitment purposes 
only. Therefore, automated personality inventories 
should be developed to counter this problem. 

APIS DEVELOPMENT

APIS is developed with the aim in developing a 
tool to aid the human resource department of the 
organisation in identifying and recruiting a right 
person for a right job function.  The system serves the 
following objectives:
•	 To	 effectively	 filter	 suitable	 applicants	 for	 any	

vacant position in the organisation.
•	 To	easily	identify	an	individual’s	suitability	for	the	

job based on their personality analysis. 
•	 Assist	individuals	to	know	their	personality	types.

APIS is a web-based system that was developed to 
automate the conventional personality inventories 
system based on Sidek Personality Inventory 
(IPS) developed by Associate Professor Dr. Sidek 
Mohd Noah [9].  IPS is one of the most successful 
personality inventories that could determine the kind 
of personality an individual has and also suggests 
suitable jobs.  There are 16 personality traits that were 
used in IPS as shown in Table 2.

The system was developed using Open Source 
technology, which consisted of Open Source web 
programming language (PHP) or JavaScript, Open 
Source database (MySQL), and also Open Source 
Web Server (Apache).  The project involved Associate 
Professor Dr. Sidek Mohd Noah as the client for 
the system.  The system is developed based on 
the spiral development model.  Using the model, 
user’s requirements and feedback were acquired 
throughout the development period as it is crucial to 
understand the concept and how it works so that the 
system will provide the user with an accurate output 
or information.

System architecture

APIS adopted the combination of data-centred and 
client-server architectural model.  A client-server 
system model is organised as a set of services and 
associated server(s) and clients that access and use 
the services.  The server itself or one of the server(s) 
contains a database.  Figure 1 illustrates the system 
architecture.

Table 2.  Sidek personality inventory traits

Aggressive Endurance

Analytical Achievement 

Autonomy Controlling

Depending Helping

Extrovert Honesty 

Introvert Self-critics

Intellectual Supportive

Variety Structure
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Figure 2 shows the navigation map of the APIS website. 
Once a user logs in to the system, the user can choose 
which personality inventory system to use from a list 
provided. After completing the test, the system will 
provide the user with the results page which could be 
saved or printed.  A user can obtain a display of  their 
results by logging in back to the system.

APIS prototype

The prototype is developed to serve two different 
types of users namely i) Human Resource staff and ii) 
candidates.  The main page is a point of access for all 
users of the system.  Currently, APIS is developed in 
Bahasa Malaysia.  Figure 3 shows the main page of the 
system.  According to [10], systems can be designed 

simpler, yet custom tailored to users’ specific needs.

In developing APIS, the IPS was used to test the 
individual’s personality by posing 160 questions 
in a questionnaire form.  Each page contained ten 
questions, so there were 10 pages for a user to go 
through when taking the test.  Figure 4 shows the 
questionnaires page.

After a user finishes the test, a Personality Profile 
that shows the score, percentages and analysis for 
each trait will be generated in table form as shown 
in Figure 5.  Apart from this table, there will also be a 
graph and description for the user to see their scores 
and personality analysis result as shown in Figure 6. 

 
 

User User User

CLIENT 

SERVER    

Internet    

Login IPS Questionnaires Personality Profile 

DBMS

APIS  
Database 

APIS 

Figure 1.  System architecture

 

LOGIN page

Authorized?

Selection Page

System Page 1 System Page 2

Result Page

System Page 3

New User
Registration

Figure 2.  Navigation map

Figure 3.  Main page Figure 4.  Questionnaire page
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Functional Testing

A functional testing was conducted with the expert 
user, that is, Dr. Sidek.  The aim was to validate the 
operation of the developed system with respect 
to the system’s functional specification and to get 
feedback from him regarding the prototype.  Overall, 
he was satisfied with the system since the functional 
requirements were met.  With the developed system, 
a user does not have to key in the data manually 
anymore.  The system will be able to automate and 

present the score, percentages and analysis for each 
trait of personality. 

CONCLUSION 

The paper presentd an automated personality 
inventory system (APIS) which could be very 
beneficial for any organisation especially the Human 
Resource Department in order to hire quality workers. 
Understanding the candidate personality type will 
improve their chance of being happy at their work. 

Figure 6.   Personality profile result

Figure 5.  Personality profile result (table form)
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This will decrease the amount of turnover in an 
organisation.  Personality is also important since once 
people know the type of person they are, they can 
learn about how to communicate better, work better 
and also change weaknesses into strengths.  APIS has 
adopted 16 personality traits compared to the others 
available online which were only based on 5 traits.  It 
is hoped that the system will help improve the quality 
of employees hired.  APIS could also be used by any 
individual who wants to know his/her personality 
type.  Future work could include conversion of the 
system to other languages, testing the reliability of 
the system and making it accessible to all. 
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This paper was presented at the The 2006 International Conference on Data Mining (DMIN’06),  

26-29 June 2006, Las Vegas

INTRODUCTION

Data mining refers to the discovery step in knowledge 
discovery in databases.  Its functionalities are used 
to specify the kind of patterns to be found in data 
mining tasks.  In general, data mining tasks can be 
classified into 2 categories: descriptive and predictive. 
Descriptive mining tasks characterise the general 
properties of the data whereas predictive mining 
tasks perform inferences on the current data in order 
to make predictions [1].

Many algorithms have been proposed and developed 
in the data mining field [2][3][4][5].  There are several 
challenges that data mining algorithms must satisfy in 
performing either descriptive or predictive tasks.  The 
criteria for evaluating data mining algorithms include: 
accuracy, scalable, interpretable, versatile and fast [6]
[7][8].

Although human experts have played an important 
role in the development of conventional fuzzy systems, 
automatically generating fuzzy rules from data is very 
helpful when human experts are not available and 
may even provide information not previously known 
by experts.  Several approaches have been devised 
to develop data-driven learning for fuzzy rule based 
systems.  They involve the use of a method that 
automatically generates membership functions of 
fuzzy rule structures of both from training data.  Chen 
[9] proposed a method for generating fuzzy rules for 
classification problems which uses fuzzy subsethood 
values for generating fuzzy rules.

In Chen’s research [9], he defined fuzzy partitions for 
the input variables and output variables according 
to the type of data and the nature of classification 
problems, then transform crisp value into fuzzy input 
value and generate a set of fuzzy rules based on a 
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ABSTRACT

Data mining has emerged to be a very important research area that helps organisations make good use of the 
tremendous amount of data they have.  In data classification tasks, fuzzy systems lack the ability to learn and 
cannot adjust themselves to a new environment. On the other hand, neural networks can learn, but they are 
opaque to the user.  This paper presents a hybrid system to perform classification tasks.  The main work of this 
paper includes generating a set of weighted fuzzy production rules, mapping it into a min-max neural network; 
re-deriving the back propagation algorithm for the proposed min-max neural network; and performing data 
classification. The iris and credit card datasets were used to evaluate the system’s accuracy and interpretability. 
The algorithm was found to have improved the fuzzy classifier.
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fuzzy linguistics model in order to apply the rule sets 
for classification.  Regarding the relative weight of the 
linguistic term, Khairul [10] proposed the weighted 
subsethood based algorithm for data classification. 
Weighted subsethood based algorithm is the use 
of subsethood values as relative weights over the 
significance of different conditional attributes.  Fuzzy 
systems lack the ability to learn and cannot adjust 
themselves to a new environment [15].

OUR APPROACH

A hybrid system of a neural network with fuzzy system 
to data classification was used in this project.  Figure 1 
shows the block diagram of our developed system.

The system was a supervised learning system.  The 
training dataset was fed to train the system to 
generate the weighted fuzzy production rules (WFPR), 
and then these weighted fuzzy production rules were 
trained by a min-max neural network to achieve a 
better classification accuracy.  The system produced a 
new set of weighted fuzzy production rule which was 
fed into the analysing data into the system and was 
applied into a new set of WFPR to classify data.

A. Weighted fuzzy production rules induction 
[11][12][13]

 The iris data set was used to illustrate the paper 
work.

1) Define input fuzzy member class

Data classification tasks work on several candidates 
were input to classify the observed object into 
predetermined classes. In order to generate fuzzy 
rules for data classification the linguistics variables 

for every candidate’s input were defined; this step 
depended on the target classification class and the 
data type of linguistic variable [16]. 

If the data type of input attribute is nominal, so the 
available category will become the linguistic term and 
the number of linguistic term is independent with the 
number of target class. For example, if the attribute is 
gender, which is a nominal data type, then there are 
only 2 linguistic terms male and female. In the case 
of crisp membership values, a boy will have {(male, 1), 
(female, 0)}.

If the data type of the input attribute is continuous 
numerical, then the number of linguistic terms equal 
to the number of target classes, and the membership 
function is trapezoid.  For example, with the iris data 
set based on the petal length, petal width, sepal 
length and sepal width, classification of the iris flower 
was into setosa, versicolor, virginica; which meant 3 
target classes, and thus 3 linguistic terms for all the 
input attributes as shown in Table I.  Thus, the value 
range of the input attribute value had to be obtained 
to define the trapezoid membership.

With application on iris data set, the trapezoidal 
membership function was used.  The iris data set has 
4 attributes which are petal length, petal width, sepal 
length and sepal width.  The iris flower was classified 
into setosa, versicolor, virginica. 

2) Calculate the subsethood value

After defining the fuzzy member class, the subsethood 
value of each linguistic term were calculated over the 
classification class. Table 2 shows the subsethood 
values for the iris dataset. 

Training
Dataset

Preprocessing
Subsystem

Fuzzy logic
Inference

Analyzing
Data

Fuzzy Neural
Network

Classification 
Output & Fuzzy 

Rules

Figure 1.  Block Diagram of the Fuzzy Neural System

Table 1  Linguistic term for iris dataset

Attributes Linguistic term

Sepal Length Small Average Large

Sepal Width Small Average Large

Petal Length Small Average Large

Petal Width Small Average Large
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Here, S(set, S_SL) is the subsethood of Small_
SepalLength with regards to setosa and the rest 
follow.

3) Calculate the weighted subsethood value

Based on Table 2, the weighted subsethood value 
was calculated. As in Table 3, W(set, S_SL) refers to 
the weighted subsethood of Small_SepalLength with 
regards to setosa and the rest follow.

4) Weighted fuzzy rule generation

After getting the weighted subsethood values, the set 
of weighted fuzzy production rule was generated.
•	 If	 Sepal	 length	 is	 [W(set,S _ SL) x Small 

OR W(set,A _ SL) x Average OR W(set,L _ SL) x 

Large] AND Sepal width is [W(set,S _ SW) x 

Small OR W(set,A _ SW) x Average OR W(set,L _

SW) x Large] AND Petal Length is [W(set,S _

PL) x Small OR W(set,A _ PL) x Average OR 

Table 2.  Subsethood values for iris dataset

setosa versicolor virginica

Sepal length Small S(set,S_SL) S(ver,S_SL) S(vir,S_SL)

Average S(set,A_SL) S(ver,A_SL) S(vir,A_SL)

Large S(set,L_SL) S(ver,L_SL) S(vir,L_SL)

Sepal width Small S(set,S_SW) S(ver,S_SW) S(vir,S_SW)

Average S(set,A_SW) S(ver,A_SW) S(vir,A_SW)

Large S(set,L_SW) S(ver,L_SW) S(vir,L_SW)

Petal length Small S(set,S_PL) S(ver,S_PL) S(vir,S_PL)

Average S(set,A_PL) S(ver,A_PL) S(vir,A_PL)

Large S(set,L_PL) S(ver,L_PL) S(vir,L_PL)

Petal

width

Small S(set,S_PW) S(ver,S_PW) S(vir,S_PW)

Average S(set,A_PW) S(ver,A_PW) S(vir,A_PW)

Large S(set,L_PW) S(ver,L_PW) S(vir,L_PW)

Table 3:  Weighted subsethood values for iris dataset

setosa versicolor virginica

Sepal length Small W(set,S_SL) W(ver,S_SL) W(vir,S_SL)

Average W(set,A_SL) W(ver,A_SL) W(vir,A_SL)

Large W(set,L_SL) W(ver,L_SL) W(vir,L_SL)

Sepal width Small W(set,S_SW) W(ver,S_SW) W(vir,S_SW)

Average W(set,A_SW) W(ver,A_SW) W(vir,A_SW)

Large W(set,L_SW) W(ver,L_SW) W(vir,L_SW)

Petal length Small W(set,S_PL) W(ver,S_PL) W(vir,S_PL)

Average W(set,A_PL) W(ver,A_PL) W(vir,A_PL)

Large W(set,L_PL) W(ver,L_PL) W(vir,L_PL)

Petal width Small W(set,S_PW) W(ver,S_PW) W(vir,S_PW)

Average W(set,A_PW) W(ver,A_PW) W(vir,A_PW)

Large W(set,L_PW) W(ver,L_PW) W(vir,L_PW)
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W(set,L _ PL) x Large] AND Petal width is 

[W(set,S _ PW) x Small OR W(set,A _ PW) x 

Average OR W(set,L _ PW) x Large] Then Class 

is SETOSA

•	 If Sepal length is [W(ver,S _ SL) x Small 

OR W(ver,A _ SL) x Average OR W(ver,L _ SL) x 

Large] AND Sepal width is [W(ver,S _ SW) x 

Small OR W(ver,A _ SW) x Average OR W(ver,L _

SW) x  Large] AND Petal Length is [W(ver,S _

PL) x Small OR W(ver,A _ PL) x Average OR 

W(ver,L _ PL) x Large] AND Petal width is 

[W(ver,S _ PW) x Small OR W(ver,A _ PW) x 

Average OR W(ver,L _ PW) x Large] Then Class 

is VERSICOLOR

•	 If	 Sepal	 length	 is	 [W(vir,S _ SL)	 x	 Small	

OR W(vir,A _ SL) x Average OR W(vir,L _ SL) x 

Large] AND Sepal width is [W(vir,S _ SW) x 

Small OR W(vir,A _ SW) x Average OR W(vir,L _

SW) x Large] AND Petal Length is [W(vir,S _

PL) x Small OR W(vir,A _ PL) x Average OR 

W(vir,L _ PL) x Large] AND Petal width is 

[W(vir,S _ PW) x Small OR W(vir,A _ PW) x 

Average OR W(vir,L _ PW) x Large] Then Class 

is VIRGINICA 

B. Fuzzy Neural network subsystem

The task of the fuzzy neural network subsystem 
was to train the weighted fuzzy production rules by 
modifying the weight so that the rule can classify data 
with higher accuracy.  Through the literature review 
the fuzzy neural network generally has the input 
membership layer, fuzzy rule layer and output layer. 
The activation function for the input membership 
layer is the trapezoid membership function; the 
activation for the fuzzy rule layer is the fuzzy rule, and 
the activate function for the output layer is the logic 
operation function. 

The generated weighted production fuzzy rules were 
the combination of “And” and “Or” operations, which 
cannot be used to activate the neuron.  Thus, the 
rule was separated into two sub-rules; one sub-rule 
performs the “OR” operation and another sub-rule 
performs the “AND” operation.  The initial rule can be 
rewritten as follows:

If  W’(set,SL) x {Sepal length is [W’(set,S _ SL) 

x Small OR W’(set,A _ SL) x Average OR W’(set,L _

SL) x Large]} AND W’(set,SW) x {Sepal width is 

[W’(set,S _ SW) x Small OR W’(set,A _ SW) x Average 

OR W’(set,L _ SW) x Large]} AND W’(set,Pl) x {Petal 

Length is [W’(set,S _ PL) x Small OR W’(set,A _

PL) x Average OR W’(set,L _ PL) x Large]} AND 

W’(set,PW) x {Petal width is [W’(set,S _ PW) x 

Small OR W’(set,A _ PW) x Average OR W’(set,L _

PW) x Large]} Then Class is SETOSA;

Where W’(set,SL) x W’(set,S _ SL) = W(set,S _ SL); 

initially for neural network weight W’(set,S _ SL) = 

W(set,S _ SL) and W’(set,SL) =1, similarly for the 
other weights.

The rule was a logic AND operation of sets of OR logic 
operation.  After the rules were re-written, a set of 
sub-rules were obtained which has OR operation and 
AND operation rules.

Sub rule 1: if Sepal length is [W’(set,S _ SL) x 

Small OR W’(set,A _ SL) x Average OR W’(set,L _

SL) x Large] Then Class is SETOSA valued at 

A1

Sub rule 2: if Sepal width is [W’(set,S _ SW) x 

Small OR W’(set,A _ SW) x Average OR W’(set,L _

SW) x Large] Then Class is SETOSA valued at 

A2

Sub rule 3: if Petal Length is [W’(set,S _ PL) x 

Small OR W’(set,A _ PL) x Average OR W’(set,L _

PL) x Large] Then Class is SETOSA valued at 

A3

Sub rule 4: if Petal width is [W’(set,S _ PW) x 

Small OR W’(set,A _ PW) x Average OR W’(set,L _

PW) x Large] Then Class is SETOSA value at A4

Followed by:  If W’(set,SL) x A1 AND  W’(set,SW) x 
A2 AND W’(set,Pl) x A3 AND W’(set,PW) x A4 then 

Class is Setosa

Simplification of the the rule helped in the modification 
of the fuzzy rule layer in the fuzzy neural network 
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into two sub-layers:  AND (Min) layer and  OR (Max) 
Layer.

5) Fuzzy neural network design

Figure 2 shows the fuzzy neural network architecture 
for the system.

Layer 1 Input layer:

Each neuron in this layer transmits external crisp 
signals directly to the next layer 

 Y(1)
i  = X(1)

i 
Where X(1)

i is the input, Y(1)
i  is the output of neuron 

i in layer 1

Layer 2 input membership layer:

Neurons in this layer represent fuzzy sets used in the 
antecedents of fuzzy rules.  A fuzzification neuron 
receives a crisp input and determines the degree to 
which this input belongs to the neuron’s fuzzy set. 
The activation function is the membership function. 
The input is the output of crisp input layer 

 X(2)
j = Y(1)

i

The output of neuron in this layer is the membership 
value of crisp input value 

 Y(2)
j  =  μ(X(2)

j)

Layer 3 and Layer 4 are the fuzzy rule layers:

These layers perform the AND and OR operation in 
the weighted fuzzy rule.  The activation for the AND 
layer was re-derived which is the min operation, and 
the activation function for the OR layer is the max 
operation.

 ),(max )2(
,

max
0

)3(
iji

C
ij YWY ∗∨= =  (7)

Where maxC is number of neuron in layer 3; maxWi,j 

is the weight of connection from neuron i in layer 2 to 
neuron j in layer 3  
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C
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Where minC is number of neurons in layer 4; minWi,j 

is the weight of connection from neuron i in layer 3 to 
neuron j in layer 4  

Layer 5 defuzzification

The output was classified.  For the classification 
purpose, a minor modification was made for the 
computed output of network
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Where OC is number of output neurons, yk is the 
desired output for neuron k and Yk

(5)  is the actual 
output of neuron k.  It could be seen that the error 
E(p) is the function with respect to minW, maxW.  The 
main objective is to adjust these weights such that 
error function reaches minimum or is less than a given 
threshold.
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Figure 2.  Fuzzy neural network architecture
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6) Learning in fuzzy neural network

For the learning phase, we apply the back propagation 
equations[14][15]. According to the principle of 
gradient descent, the back propagation equations 
can be written as 
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jiji
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where α is the learning rate.

By eliminating the derivative process, the following 
results were obtained:
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After training, new set of weights were obtained, and 
the trained rules became:
If minW(set,SL) x {Sepal length is [maxW(set,S _

SL) x Small OR maxW(set,A _ SL) x Average OR 

maxW(set,L _ SL) x Large]}

AND minW(set,SW) x {Sepal width is [maxW(set,S _

SW) x Small OR maxW(set,A _ SW) x Average OR 

maxW(set,L _ SW) x Large]}

AND minW(set,Pl) x {Petal Length is [maxW(set,S _

PL) x Small OR maxW(set,A _ PL) x Average OR 

maxW(set,L _ PL) x Large]}

AND minW(set,PW) x {Petal width is [maxW(set,S _

PW) x Small OR maxW(set,A _ PW) x Average OR 

maxW(set,L _ PW) x Large]}

Then Class is SETOSA

The rules were simplified as follows:
If Sepal length is [newW(set,S _ SL) x Small OR 

newW(set,A _ SL) x Average OR newW(set,L _ SL) x 

Large]

AND Sepal width is [newW(set,S _ SW) x Small OR 

newW(set,A _ SW) x Average OR newW(set,L _ SW) x 

Large]

AND Petal Length is [newW(set,S _ PL) x Small 

OR newW(set,A _ PL) x Average OR newW(set,L _ PL) 

x Large]

AND Petal width is [newW(set,S _ PW) x Small OR 

newW(set,A _ PW) x Average OR newW(set,L _ PW) x 

Large]

Then Class is SETOSA

Here, newW(set,S _ SL) = maxW(set,S _ SL) x 

minW(set,SL)

RESULTS AND DISCUSSIONS

With the iris data set, the entire dataset was labeled 
from 1 to 150, divided equally into two sub-datasets:  
IP1 and IP2;  IP1 consisted of the odd numbered 
objects and IP2 consisted of the even numbered 
objects.  Then the sub-dataset was fed to train the fuzzy 
neural system and to analyse data.  For evaluation, the 
IP1 was used to train the system, and then the IP2 and 
the whole dataset was analysed;  and the IP2 was also 
used to train the system then the IP1 and the whole 
dataset was analysed. With this, the accuracy of results 
achieved are shown in Table 4.
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For credit card dataset, the dataset was divided into 2 
sub-datasets, one was used for training and the other 
was used for evaluating the system.  358 samples were 
randomly selected from the credit card approval data 
set for training set (Cr1) and wthe rest of 332 samples 
(Cr2) were used for testing. The achieved training 
accuracy was 80% and the evaluation accuracy was 
81% as shown in Table 5.

Based on the results from Table 4 and Table 5, 
the hybrid system with fuzzy neural network has  
improved the accuracy of the weighted fuzzy 
production rules.  For the iris dataset, the improvement 
was about 1-2% accuracy increased whereas for 
the credit card approval dataset 5% accuracy  
improvement was obtained as compared to fuzzy 
systems.

With fuzzy neural approach, the initial weight was 
taken from the weighted fuzzy rules that had high 
accuracy; thus there was no need to randomly 
generate the weight and start training from without 
knowledge.  Besides that, the hybrid system could 
generate interpreted rules that were not applicable in 
neural networks. 

CONCLUSION

Data mining has emerged to be a very important 
research area that helps organisations make good use 
of the tremendous amount of data they have.  With 
the combination of many other research disciplines, 
data mining turns raw data into useful information 
rather than just raw, meaningless data. 

This project has demonstrated a fuzzy neural 
algorithm for data classification task.  Fuzzy logic 
and neural networks are complementary tools in 
building intelligent systems.  Fuzzy systems lack the 
ability to learn and cannot adjust themselves to a new 
environment.  On the other hand, although neural 
networks can learn, they are opaque to the user 
[15].  Integrated fuzzy neural systems can combine 
the parallel computational and learning abilities of 
neural networks with the human-like knowledge 
representation and explanation abilities of fuzzy 
system.  As a result neural networks has become more 
transparent, while fuzzy systems has become capable 
of learning. 

In conclusion, the hybrid system could gain high 
accuracy for data classification task.  Besides that, 
it could generate rules that helped to interpret the 
output results.  Also, the neural network being used 

Table 4.  Iris data set result

Training 
dataset

Training 
Accuracy

Testing 
dataset

SBA Fuzzy 
System

WSBA Fuzzy 
System

Fuzzy Neural 
System

IP1 100% IP2 80% 93.33% 94.67% 

Whole 78.69% 94.67% 96.67% 

IP2 97.30% IP1 78.67% 93.33% 93.33% 

Whole 78% 93.33% 96.77% 

Table 5.  Credit Card data set result

Training 
dataset

Training 
Accuracy

Testing 
dataset

SBA Fuzzy 
System

WSBA Fuzzy 
System

Fuzzy neural 
System

Cr1 80% Cr2 70% 76% 81%

SBA:  subsethood based algorithm [10]
WSBA:  weighted subsethood based algorithm [10]
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was the easiest and most popular network that was 
a min-max back propagation network.  Therefore, it 
makes the algorithm easy to implement.  The algorithm 
has improved the fuzzy classifier as well as the neural 
network training. However, the processing time will 
be long if the dataset is huge.  Thus, for future work, 
further testing needs to be done in order to improve 
the design of the algorithm to classify larger datasets. 
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INTRODUCTION

Research is a process of finding solutions to a problem 
by conducting a thorough study and analysis of 
the situational factors.  It provides the needed 
information that guides people to make informed 
decisions to successfully deal with problems (Sekaran, 
2000). This can be done by conducting analysis of 
data gathered firsthand (primary data) or data that 
are already available (secondary data).  The data can 
either be quantitative which are gathered through 
experiments, structured questions, numerical 
information, or qualitative which are gathered using 
open-ended questions through interviews or through 
observations.  However, the idea of research varies in 
different disciplines or subject areas.

In an educational institution dominated by  
researchers in the scientific discipline where 
positivism’s methodology reigns supreme, it is often 

difficult to convince research colleagues of the true 
value of research that are subjective.  In the educational 
institution where we carried out this study, research 
papers from a particular discipline are often reviewed 
by colleagues from some other discipline. Thus, we 
believe that there is often major conflict of ideas and 
underpinning knowledge on what “research” from 
various disciplines should be.

This research is carried out in a technological 
university where the majority of lecturers are from 
the engineering discipline.  In the Engineering 
discipline itself there are different departments such 
as the Electrical and Electronics, Chemical, Civil, 
and Mechanical.  In addition, research among these 
disciplines may differ, however, majority of these 
researchers are from the hard-science and thus we 
believe have a positivist view of what a research 
should be.  We believe that it is much more difficult to 
convince engineering colleagues of the true value of 

RESEARCH IN EDUCATION:  
TAKINg SUBJECTIVE BASED RESEARCH SERIOUSLY

ABSTRACT

Sumathi Renganathan and Satirenjit Kaur
Universiti Teknologi PETRONAS, 31750 Tronoh, Perak Darul Ridzuan, Malaysia.

Qualitative based research is often criticized for being bias and unscientific.  In an educational institution 
dominated by researchers in the scientific discipline where positivism’s methodology reigns supreme, it is 
often difficult to convince research colleagues of the true value of research that are subjective.  In this paper the 
authors seek to investigate how other researchers from the scientific community, namely from the engineering 
discipline, who are familiar with scientific based research perceive education research that are subjective and 
value-laden.  It is also hoped that the findings from this study can highlight that different epistemologies help 
produce different knowledge, and that subjective research can produce noteworthy research findings in the 
field of education. 

Keywords: qualitative, subjective methodology, interpretivism, education research
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research which falls under the soft-science especially if 
there is a conflict in the underlying research paradigm.  
There has been ongoing debate in the social sciences 
regarding appropriate research methodologies.  In 
general, there are two main paradigms in research, 
known as positivist (usually practiced by researchers 
from the hard-science) and non-positivist (typically 
practiced by researchers from the soft-science).  The 
debate about which paradigm needs to be adopted 
revolves around the fact that each paradigm has its 
strengths and limitations.

The positivist paradigm is also known as traditional, 
experimental, empiricist and quantitative.  The origins 
of this paradigm date back to the nineteenth century 
during the period of the French philosopher, August 
Comte.  There are several other well-known scholars 
of this paradigm including Durkheim, Weber and Marx 
(Creswell, 2003).  This approach argues that the world 
is external and objective.  The positivists suggest that 
there are certain laws which can be found in both 
social and natural worlds in a sequence of cause and 
effect, and believe in causality in the explanation of 
any phenomena.  Causality explains the relationship 
between cause and effect and integrates these 
variables into a theory.  In this paradigm, the observer 
is considered to be an independent entity.  It is 
believed that the researcher can remain distant from 
the research, in terms of their own values which might 
distort their objectivity.  Researchers that adhere to this 
paradigm operationalise the research concepts to be 
measured, and large samples are taken.  This research 
approach is known as the quantitative approach and 
is based on a numerical measurement of a specific 
aspect of phenomena.  The aim of this approach is to 
seek a general description or to test causal hypotheses 
(Hollis, 1994).  

On the other hand, the non-positivist paradigm 
considers the world to be socially constructed 
and subjective.  This paradigm encompasses the 
constructivist approach, interpretative approach, 
postmodern perspective and it is commonly known 
as the qualitative approach.  The constructivist or 
interpretivist believe that to understand the world 
of meaning one must be able to interpret it.  The 

inquirer must elucidate the process of meaning and 
clarify what and how meanings were embodied in the 
language and actions of social actors (Love et al., 2002, 
p. 301).  Guba and Lincoln (1994) argued that post 
modernism suggested that the world was constituted 
by “our shared language and we can only know the 
world through the particular forms of discourse 
that our language(s) can create” (Love et al., 2002, p. 
298).  Based on these, this paradigm in general, relies 
on personal views, experiences and subjectivity in 
understanding human actions and behaviour.  The 
observer is considered part of what is being observed.  
Researchers of this paradigm use multiple methods 
to establish different views of a phenomena.  Smaller 
samples are taken to investigate in-depth or over 
time, and the research approach used is known as 
qualitative.

THE PURPOSE OF THIS STUDY  

We carried out this study to investigate how other 
researchers from the scientific community, namely 
from the engineering discipline, who are familiar 
with scientific based research perceive education 
research that are subjective and value-laden.  It is not 
our intention to criticize any research paradigm or the 
various research methods used for research purposes 
because we believe as others (McGrath, 1982; Frankel, 
2005), different research problems require different 
research methodologies.  What we hope, is that this 
study can address any gap that might exist in the 
engineering lecturers’ understanding of subjective 
education research.  

In this paper, first, we discuss based on existing 
literature, what is the general understanding of 
research.  Next we give a brief background of this study 
followed by a discussion on the findings and analysis.  
This is followed by a further discussion on the findings 
through answering the two main research questions:  
1. How familiar are the researchers from the 

engineering discipline, in subjective, qualitative 
based education research? 

2. What are the engineering researchers’ perceptions 
regarding the contribution of qualitative based 
research?
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Finally, we conclude by highlighting the contributions 
of this study.

gENERAL UNDERSTANDINg OF RESEARCH

In this paper, our main underlying notion is that of 
Hitchcock and Hughes (1995) who suggested that 
ontological assumptions give rise to epistemological 
assumptions, which give rise to methodological 
considerations, which in turn give rise to 
instrumentation and data collection.  Thus, research is 
not merely about research methods:
…  research is concerned with understanding of the 

world and that this is informed by how we view our 
world(s), what we take understanding to be, and 
what we see as the purposes of understanding.

Cohen, Manion and Morrison, 2000:1

This paper examines the practice of research through 
two significant lenses (Cohen, Manion and Morrison, 
2000): 
1. scientific and positivistic methodologies 

(quantitative approach)
2. naturalistic and interpretive methodologies 

(qualitative approach)

These two competing views have been absorbed by 
educational research.  ‘Positivism strives for objectivity, 
measurability, predictability, controllability, patterning 
the construction of laws and rules of behaviour, 
and the ascription of causality’ (pg28). Positivist 
educational researchers ‘concentrate on the repetitive, 
predictable and invariant aspects of the person’ 
whereas interpretivists explore the person’s intention, 
individualism and freedom (Cohen, Manion and 
Morrison, 2000:18).  Interpretivist strive to understand 
and interpret the world in terms of its actors’ (pg 28).    

As discussed earlier, terms such as hard-science and 
soft-science are also often used to refer to positivistic 
and interpretive methodologies respectively.  
Positivists often argue that interpretivists often do 
not use scientific methods, use anecdotal evidence, 
or evidence which are often not mathematical 
thus, these methods are often considered to be 
‘lack of rigour’.   To conduct research in any field, it 

is important to identify the research paradigm of 
the researcher.  As Guba and Lincon (1994) state, a 
research paradigm guides the researcher in choices of 
methods as well as epistemologically.  Epistemology 
is defined as ‘the study of the nature of knowledge 
and justification’ (Moser, 1995), which implies that it 
“involves both articulating and evaluating conceptions 
of knowledge and justification’ (Howe, K.R., 2003:97).  
Research paradigms may vary from positivist 
(evaluative-deductive) paradigm to interpretivist 
(evaluative-interpretivist) paradigm and there are also 
combinations of paradigms which give rise to mixed 
paradigms (Johl, S.K, Bruce, A. and Binks, M. 2006).  
Research paradigms often guide the researchers in 
identifying suitable methods for their research and 
more often than not many researchers distinguish 
their research as either qualitative or quantitative.  
Some researchers also use both the quantitative and 
qualitative methods and refer it as a mixed-method 
research.  Although researchers may use various 
methods in their research, a positivist epistemological 
stance is radically different from an interpretivist.  
However, often a positivist paradigm is identified with 
quantitative methods and the interpretivist paradigm 
is identified with qualitative methods.  

The strength of quantitative research approaches, in 
the field of education, is that they are able to yield data 
that is projectable to a larger population.  Furthermore, 
because quantitative approaches deal with numbers 
and statistics, the data can be effectively translated 
into charts and graphs.  Thus, quantitative research 
methods play important role in policy making in 
the field of education.  As for qualitative research 
approaches, the strength are that they are able to 
gain insights of participants’ feelings, perception 
and viewpoints.  These insights are unobtainable 
from quantitative research methods.  In the field 
of education the findings from qualitative research 
can determine “why” and “how” certain educational 
policies actually work (or not work) in the real world.      

The following is a brief summary of the differences 
between qualitative and quantitative research 
methods (Burns, 2000):
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THE STUDY

This study was carried out in a private technological 
university which offers undergraduate and 
postgraduate degree programmes in Engineering 
and Information Technology/Information System (IT/
IS).  We used questionnaires to obtain the relevant 
information and the participants were lecturers from 
the Engineering and the IT/IS discipline.  We only 
targeted lecturers who possess a PhD as we believe 
that these lecturers would practice and understand 
research better. The university has a total of 263 
lecturers whereby 37% (98 lecturers) possess a PhD.  
We distributed the questionnaires during a workshop 
that was particularly conducted for identified 
lecturers from every department in the university, for 
their research experiences or potential capabilities 

in research. Thirty-three lecturers (33%) completed 
and returned the questionnaires. The questionnaires 
contained 28 statements related to quantitative and 
qualitative based research.  However, each statement 
required the lecturers to rate on a 7-point Likert scale, 
thus, there is no right or wrong answers but based 
on their ratings it will be possible to gauge lecturers’ 
familiarity and perception of qualitative based 
research.

FINDINgS AND ANALYSIS OF DATA

Although the questionnaire contained 28 statements, 
these statements were preceded with the following 
question:  How familiar are you with qualitative based 
research?

Table 1.  Summary of qualitative and quantitative research methods

Qualitative Quantitative

Assumptions •	 Reality	socially	constructed
•	 Variables	complex	and	interwoven,	hard	

to measure
•	 Events	viewed	from	informant’s	

perspectives
•	 Dynamic	quality	to	life

•	 Facts	and	data	have	objective	reality
•	 Variables	can	be	measured	and	identified
•	 Event’s	viewed	from	outsider’s	

perspective
•	 Static	reality	to	life

Purpose •	 Interpretation
•	 Contextualisation
•	 Understanding	of	the	perspectives	of	

others

•	 Prediction
•	 Generalisation
•	 Causal	explanation

Method •	 Data	collection	using	participant	
observation, unstructured interviews

•	 Concludes	with	hypothesis	and	
grounded theory

•	 Emergence	and	portrayal
•	 Inductive	and	naturalistic
•	 Data	analysis	by	themes	from	informants’	

descriptions
•	 Data	reported	in	language	of	informant
•	 Descriptive	write-up

•	 Testing	and	measuring
•	 Commences	with	hypothesis	and	theory
•	 Manipulation	and	control
•	 Deductive	and	experimental
•	 Statistical	analysis
•	 Abstract	impersonal	write-up

Role of 
Researcher

•	 Researcher	as	instrument
•	 Personal	involvement
•	 Empathetic	understanding

•	 Researcher	applies	formal	instruments
•	 Detachment
•	 Objective
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Not at all 
familiar

Very 
familiar

1 2 3 4 5 6 7 

For this question, we categorised lecturers whose 
responses ranged between 1 and 3 as indicating that 
they are not familiar and responses that ranged 
between 5 and 7 as familiar while the mid-point 4 as 
those who believe that they have some knowledge 
regarding qualitative research. Surprisingly 27% 
(9 lecturers) choose not to answer this question.  
Furthermore, equal number of lecturers responded for 
each category, 8 lecturers (24%) responded as being 
not familiar, another 8 as being familiar and the rest 
(again another 8 lecturers) responded as having some 
knowledge of qualitative research.  It is also important 
to note that 4 of the lecturers in this study stated that 
they are not at all familiar with qualitative based 
research and thus did not complete the questionnaire.  
Based on these, we decided that it was important 
to analyse the lecturers’ responses for each of the 
statements in the questionnaire.  However, we have 
analysed the lecturers’ responses to the statements 
under the following headings:

•	 General perception of “research”
•	 Research paradigm 
•	 Research methods 
•	 Researcher’s role
•	 Style of presentation 

general perception of “research”

We included 6 statements in the questionnaires to 
gauge the lecturers’ general perception regarding 
research, especially qualitative research:

Each statement required the lecturers to choose from 
a 7-point  Lickert scale whereby 1 indicates strongly 
disagree, 4 as neutral and 7 as strongly agree.    
Based on the mean scores shown in Table 2, the 
findings indicate that the lecturers in this study are 
not that familiar with qualitative research.  In fact, the 
lower mean scores (3.97 and 3.94) is for Statements 1 
and 19 which indicate that the lecturers disagree with 
these statements.  This implies that they believe that 
all researchers have the same research paradigm and 
thus, regard research from different disciplines as the 
same.   Furthermore, the mean scores for the lecturers’ 
responses for the other statements (Statements 
2, 22, 23, 24) ranged from 4.5 to 4.8, which indicate 
the lecturers uncertainty on their understanding of 
qualitative based research.

Research Paradigm

Although we perceive the lecturers from the 
engineering discipline as positivists, we wanted to 
know their perception regarding qualitative based 
research.  Our statements in the questionnaire did 
not use explicit terms for research paradigms such as 
positivist or interpretivist , in case the lecturers were 

Table 2.  Lecturers’ general perception of “research”

No. Statements Mean Scores

1 The idea of “research” varies in different disciplines or subject areas 3.97

2 In qualitative based research, meanings are discovered not created 4.12

19 Researchers from different disciplines think about “research” differently 3.94

22 Qualitative research seeks to illuminate, understand and extrapolate what is being 
researched.

4.82

23 Qualitative research is concerned with meanings and personal experience of individuals, 
group and sub-culture.

4.70

24 Research is about making sense of chaos and translating it into culturally accepted 
explanations.

4.50
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not familiar with such terms.  However, based on their 
responses it was possible to identify if the lecturers’ 
perceptions regarding qualitative based research are 
influenced by their positivist research paradigm.

As stated earlier, to conduct research in any field, 
it is important to identify the researcher’s research 
paradigm.  Furthermore, a research paradigm guides 
the researcher in choices of methods as well as 
epistemologically (Guba and Lincon, 1994).  Thus, 
in this study we included 13 statements (see Table 
3) to gauge whether the lecturers were influenced 
by their positivist research paradigm in determining 
qualitative based research:

The mean scores for the responses from the lecturers 
for these questions ranged from 4.36 (for Statement 
8) to 5.67 (for Statement 3).  The only exception 
is for Statement 20, whereby researchers from an 
interpretivist  paradigm would have had scores ranging 

from 5 to 7.  However, a mean score of 3.21 indicates that 
majority of the lecturers disagree with this statement 
implying that they believe that qualitative findings 
are generalisable, which reflects a positivist mindset 
on research findings.  It is important to note that 
some of the statements are on fundamental aspects 
which differentiate a positivist research paradigm 
from a interpretivist paradigm.  The following section 
provides some examples on this: 

Statement 3 (see Table 3) is a typical underlying 
concept for a positivist research paradigm. Researchers 
who use logical positivism or quantitative research are 
accustomed to using familiar terms such as reliability, 
validity and objectivity in judging the quality of such 
research.  Thus, from such a point of view, qualitative 
research may seem unscientific and anecdotal.  
However, applying the same criteria used to judge 
quantitative research on qualitative research, has 
been extensively criticised as inappropriate (Healy 

Table 3.  Statements to gauge positivist influence on qualitative based research

No. Statements Mean Scores

3 A good qualitative research must be reliable, valid and objective. 5.67

5 In qualitative research, the truth should b established logically or supported by 
empirical evidence.

5.15

6 The research must be carried out systematically so that it can be replicated by other 
researchers.

5.39

7 Qualitative research seeks causal determination, prediction and generalisation of 
findings.

4.39

8 The quality of the research is determined by the validity of the research. 5.12

10 Doing research means getting the right answer or the true picture of what was 
being researched.

4.48

11 A qualitative research believes in a true reality and the task of research is to find it. 4.42

14 The research must be free of biases. 5.00

16 Rules for qualitative based research are objectivity, consistency and rationality. 5.09

18 The researcher believes that there is a reality out there that can be objectively 
measured and found through research.

4.36

20 Qualitative findings are not generalizable. 3.21

27 There must be real or tangible conclusion in a research. 4.70

28 Research must be able to produce findings that are conclusive. 4.61
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and Perry, 2000; Lincon and Guba, 1985; Stenbacka, 
2001). Table 4 below, shows that 88% of the lecturers’ 
responses ranged from 5 and 7, while the rest did not 
attempt to rate this statement.  Thus, the findings 
here show that the lecturers in this study are more 
accustomed to positivist research paradigm.

Statements 5 and  8 are other typical aspects underlying 
research in the positivist research paradigm.  For 
Statement 5 (see Table 5), majority of the lecturers’ 
(72.7%) responses ranged from 5 to 7 which again 

reflect a positivist research paradigm.  Again for 
Statement 8, as stated earlier the term “valid” typically 
reflects a positivist research paradigm.  For this 
statement (see Table 6), the majority of the lecturers’ 
responses (81.9%) ranged from 5 to 7 on the Likert 
scale.  This again confirms that the lecturers definitely 
come from a positivist research paradigm because 
the non-positivist paradigm relies on personal views, 
experiences and subjectivity in understanding human 
actions and behaviour in research. 

Research methods 

There were 4 statements (see Table 7) in the 
questionnaire which were used to gauge the lecturers’ 
perception regarding the methods used in qualitative 
based research. 

Statements 4, 25 and 26 were all concerned with 
determining the number of participants needed in a 
research to yield credible conclusions.  Although it is 
difficult to determine the correct sample size, for many 
researchers using statistical analysis for their data, ‘a 
sample size of thirty’ is held as the minimum number 
of cases needed (Cohen, Manion and Morrison, 
2000:93).  Nevertheless, there is a guide to determine 
the adequate number of cases for statistical analysis, 
to ensure the rigour and robustness of the results.  
However, this requirement is held differently in 
qualitative based research.  In some qualitative studies 
on life history, one participant can be the sample 
of the study.  Furthermore, a case study approach 
‘involves the investigation of a relatively small number 
of naturally occurring (rather than researcher-created) 

4 12.1 12.1 12.1

2 6.1 6.1 18.2

12 36.4 36.4 54.5

15 45.5 45.5 100.0

33 100.0 100.0

0

5

6

7

Total

Valid Frequency Percent Valid Percent
Cumulative

Percent

5 15.2 15.2 15.2
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0

4

5

6

7
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4 12.1 12.1 12.1

1 3.0 3.0 15.2

1 3.0 3.0 18.2

3 9.1 9.1 27.3

2 6.1 6.1 33.3

11 33.3 33.3 66.7

11 33.3 33.3 100.0

33 100.0 100.0

0

2

3

4

5

6

7
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Valid Frequency Percent Valid Percent
Cumulative

Percent

Table 7.   Lecturers’ perception regarding research methods

No. Statements Mean Scores

4 A qualitative study can comprise of in-depth interviews with a single participant 3.15

15 The key element of research is to explain a phenomena by collecting data that can be 
analysed using mathematically based methods (in particular statistics)

4.52

25 Doing a case study in qualitative research can involve a single case 3.3

26 The number of subjects interviewed in a research is important (must have adequate 
number of participants) to come up with credible conclusions.

4.82

Table4:  Statement 3 – A good qualitative research must be 
reliable, valid and objective

Table 5:  Statement 5 – In qualitative research, the truth should be 
established logically or supported by empirical evidence

Table 6:  Statement 8 – The quality of the research is determined 
by the validity of the research
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cases1’ (original emphasis, Hammersley, 1992:185).  
From the responses of the lecturers, their mean scores 
for Statements 4 and 25 were 3.15 and 3.3 respectively.  
This indicated that the lecturers disagree that a single 
participant or a single case is adequate for research 
purposes.  Again this is contradictory with the 
interpretivist research paradigm and thus, confirms 
that the lecturers in this study are certainly positivist.  
This is also supported by the lecturers’ responses for 
Statements 15 and 26 (refer to Table 6) where the 
mean scores were 4.52 and 4.82 (indicating a more 
agreeable nature) respectively.   For both of these 
statements, more than  69% (see Table 8 and Table 9)  
of the lecturers’ responses ranged from 5 to 7 which 
strongly implies that they believe in the positivist view 
of research where credible research is determined by 
the sample size.
 

Researcher’s Role

In a qualitative based research, the role of the researcher 
is important.  The ‘theoretical sensitivity’ (Strauss and 
Corbin, 1990) of the researcher is pertinent in carrying 
out a qualitative based research:

Theoretical sensitivity referred to the personal quality 
of the researcher.  It could indicate an awareness of 
the subtleties of meaning of data 
… [It] refers to the attribute of having insight, the 

ability to give meaning to data, the capacity 
to understand, and capability to separate the 
pertinent from that which isn’t.

Strauss and Corbin, 1990:42

Thus, in qualitative research, the researcher would be 
subjectively immersed in the subject matter whereas 
a quantitative researcher would tend to remain 
objectively separated from the subject matter (Miles 
and Huberman, 1994).  However, the mean scores 
(Table 10) indicated that the mindset of the lecturers in 
this study was biased to a quantitative based research 
which encouraged the researcher to be objective and 
separated from the research. 

Style of Presentation

The use of personal pronouns such as ‘I’ and ‘We’ are 
forbidden in presenting research from the positivist 
research paradigm.  Scientific and technical writing 
are usually objective and impersonal.  However, 
in qualitative research the presence of the author 
is an important aspect of the research.  Therefore, 
subjectively based qualitative research usually is written 
using personal pronouns, especially the pronoun ‘I’ to 
highlight the researcher’s subjective rhetorical stance.  

5 15.2 15.2 15.2

2 6.1 6.1 21.2

1 3.0 3.0 24.2

2 6.1 6.1 30.3

3 9.1 9.1 39.4

11 33.3 33.3 72.7

9 27.3 27.3 100.0

33 100.0 100.0

0

2

3

4

5

6

7

Total

Valid Frequency Percent Valid Percent
Cumulative

Percent

4 12.1 12.1 12.1

3 9.1 9.1 21.2

3 9.1 9.1 30.3

12 36.4 36.4 66.7

9 27.3 27.3 93.9

2 6.1 6.1 100.0

33 100.0 100.0

0
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7
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Valid Frequency Percent Valid Percent
Cumulative

Percent

Table 10.  Statement on Researcher’s Role

No. Statements Mean Scores

12 A researcher must be objective 5.39

17 The findings produced are influenced by the beliefs of the researcher. 3.36

21 A researcher’s own opinion must not interfere with the ‘subjects’ opinion. 6.3

1   Case studies may involve a single case.

Table 8:  Statement 15

Table 9:  Statement 26
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Hyland (2003:256&257) states that using the pronoun 
‘I’ emphasizes personal engagement of the author 
with the audience, which is ‘an extremely valuable 
strategy when probing connections between entities 
that are generally more particular, less precisely 
measurable, and less clear-cut’.  Therefore, the use 
of personal pronouns supports qualitative research 
inquiry.  Furthermore, ‘qualitative research excels at 
‘telling the story’ from the participant’s viewpoint’ 
which provides a rich descriptive detail as compared 
to quantitative based research (Trochim, 2006:3).  

The lecturers in this study however are only familiar 
with the styles that reflect a positivist research 
paradigm which underpins the style of writing for 
scientific and technical research documents.  This 
is clearly reflected in the mean scores (see Table 11) 
where the lecturers disagree with the statements 
which basically reflect a typical style of a qualitative 
researcher.  

DISCUSSION 

In this section, we revisit the research questions we 
posed in this paper.  We begin by discussing our 
findings based on our first research question:

1. How familiar are the researchers from the 
engineering discipline, in subjective, qualitative 
based education research?

This study set out to investigate how familiar are the 
lecturers from the engineering and technological 
discipline in qualitative based research.  It is widely 
known that researchers from the scientific and 
technological discipline are from the positivist 
(quantitative) research paradigm.  However, in this 
study the lecturers were asked to evaluate statements 

to gauge their familiarity with qualitative based 
research which is often based on an interpretivist  
(qualitative) research paradigm.  The main objective is 
to examine positivist lecturers’ perception regarding 
qualitative based research that is mainly subjective in 
nature.   This is very important because researchers 
may have different research paradigms, especially 
those who are from diverse disciplines.  

The findings in this paper clearly indicate that the 
majority of researchers in this study reflect a positivist 
research mindset.  Thus, they are not familiar with 
the fundamental knowledge underlying qualitative 
based research which is subjective in nature.  Thus, 
research from a conflicting research paradigm such 
as the interpretivist, would not be evaluated fairly 
by these researchers.  Furthermore, this study shows 
that the lecturers in this study perceive a qualitative 
research which is often subjective, based on their 
understanding and familiarity of quantitative based 
research.  Obviously, a positivist researcher would not 
agree with the underlying principles that guide an 
interpretivist researcher. 

As stated earlier, in the university where this research is 
carried out, research papers from different disciplines 
are evaluated by researchers who may have different 
research paradigms.  Thus, for example, a qualitative 
research that highlights in depth qualitative interviews 
of only one or two participants may not favour well 
if the reviewer of the research is a positivist who is 
well versed in quantitative approaches.  The reviewer 
would be very concerned with the number of subjects 
used in the research.  From a positivist point of view, 
the reviewer’s concerns are justifiable.  However, as 
discussed in this paper, the quality and the validity 
of a qualitative based research is not determined by 
the number of participants in a research.  Thus, the 

Table 11.   Lecturers’ presentation style for qualitative based research

No. Statements Mean Scores

9 A qualitative thesis can be told in a form of a story. 3.06

13 In writing a qualitative based research paper, using personal pronouns such as ‘I’ to 
refer to the researcher is permitted.

3.03
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reviewer’s concern for the number of participants 
used in a qualitative research would be regarded as 
unnecessary.   Furthermore, a positivist reviewer might 
expect conclusive and tangible conclusions. What the 
reviewer would not be aware is that the purpose of 
a qualitative research is to ‘describe or understand 
the phenomena of interest from the participants’ 
eyes’ (Guba and Lincon, 1999).  Thus, it calls for a rich 
description of the real life research context in which the 
complexities of different individuals who participated 
in the research, is acknowledged and explored. 
According to Creswell (1994:6), it is the responsibility of 
the researcher to ‘report faithfully these realities and to 
rely on voices and interpretations of informants’. Thus 
there is ‘no true or valid interpretation’, only ‘useful, 
liberating, fulfilling and rewarding’ interpretations 
(Crotty, 1998:48).

Therefore, the findings in this study supports the 
discussion above, that it is not appropriate for a 
researcher from a conflicting research paradigm to 
evaluate research papers from researchers who do not 
share the same research paradigm as the evaluators.  
This study clearly supports that researchers with 
different research paradigms view research differently.  
It is inappropriate to impose one’s underlying 
principles of research on others, especially if the 
research reflects contradictory research paradigms 
such as the positivist and interpretivist as shown in 
this study.
 
Although this paper started with two research 
questions, we did not deliberate on the second 
research question: 

2. What are the engineering researchers’ perceptions 
regarding the contribution of qualitative based 
research?

This is because the study showed that the lecturers 
are not familiar with qualitative based research and 
thus will not be able to contribute to this question.

CONCLUSION

This paper highlights that different research paradigms 
reflect differences in knowledge on the underlying 
principles that guide researchers.  This study confirms 
that the researchers in this study have a positivist 
research mindset.  However, this study also showed 
how researchers from the positivist mindset radically 
differ from researchers from the non-positivist 
(interpretivist) research paradigm.  Furthermore, 
the findings in this study indicate that the lecturers 
impose their positivist knowledge even on research 
from non-positivist (interpretivist) research paradigm.  
Thus, this study stresses the importance of knowing 
that researchers may differ in their research paradigms 
and as a consequence, may also differ in the following 
aspects regarding research:

•	 Research methods 
•	 Researcher’s role
•	 Style of presentation

Thus, even within a discipline, identifying the 
researcher’s research paradigm is important in 
determining the true value of a research.
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