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(17)
              

Equation (17) is further simplified by introducing new variables                                                                                                                                        
                                                                                                                                                                                                                                                                              
and                                                Thus,  a  new  equation  is obtained  as shown 
below.

                  
(18)

Equation (18) is expanded to get a set of three linear equations, which can 
easily be solved in matrix form as below. 

   

(19)

Lastly, the final RX position can be solved as aHk 1−= .

RESULTS

In this study, a LBS position computation tool was developed to implement the 
Taylor series and the proposed non-Taylor series based positioning methods. 
When the tool is executed, the RX starts searching for ranging signals. 
Then, the tool based on flowchart shown in Figure 3 decides the positioning 
method to be used depending on the number of detected ranging signals. It 
is also possible to predetermine the preferred positioning methods provided 
the required ranging signals are fulfilled. The tool allows flexible setting of 
position for satellites and base stations, the level of noise, and delays. The 
following results are generated using this tool.
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Fig. 3: Positioning Method Selection of A-GPS Receiver Based on 
Availability of Sufficient Ranging Signals

All SVs are located about 20,200 km from the earth surface. This is equivalent 
to satellite’s orbital radius of about 26,600 km. Table 1 summarises the five 
different sets of Geodetic coordinates for SVs, BTSs, and RXs which are used 
by all position calculations in this paper. The positioning accuracy is measured 
from the difference between the calculated position and the actual position of 
RX as expressed in Equation (20). In this paper, the initial estimation of RX 
position is identical to actual RX position in order to achieve a fair comparison 
between different positioning methods.



51

Journal of ICT, 7, pp: 41-55

 
(20)

Positioning accuracy can be calculated in terms of horizontal and vertical 
accuracy, as shown below.

actcalver

actcalactcalhor

altitudealtitudeaccuracy

latitudelatitudelongitudelongitudeaccuracy

−=

−+−= 2)(2)(  
(21)

where hor and ver represents the horizontal and vertical, respectively. Note 
that the horizontal accuracy is measured in terms of degree. Thus, it will be 
required to convert it into metre or kilometre. The conversion can be done 
as follows with an assumption that the Earth is an exact sphere, with a mean 
radius, r of 6371.3km (as mentioned before), where circumference = 2 × π × 
r = 40032 km.

  
(22)

Results discussion of hybrid E-OTD/GNSS can be divided into two parts. 
The first part discusses accuracy comparison of position calculation between 
Taylor series based and the proposed non-Taylor series based positioning 
methods with the absence of delays and noises (Drakoulis, Kyria, & Karetsos 
2000; Narenthiran, Tafazolli, & Evans,  2000; Van Diggelen & Brown, 1994).

Table 2 summarises the calculated positioning accuracy in the absence 
of noises and delays for all geodetic coordinates as shown in Table 1. The 
obtained results showed that both the Taylor series based and non-Taylor 
series based positioning methods can achieve high positioning accuracy in 
the absence of delay and noise, where the calculated RX positions are close 
to the actual RX positions. However, an overall comparison showed that the 
proposed non-Taylor series based positioning method can achieve higher 
positioning accuracy as compared to Taylor series based positioning method.

360,
ncecircumfereaccuracyaccuracy hor

kmhor
×

=
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Table 1: Five Different Sets of Geodetic Coordinates for SVs, BTSs, and 
RXs, and Positioning Accuracy Results without the Presence of Noises 
and Delays

Coordinates
SV and BTSs Coordinates RXs Coordinates

SVs/
BTSs Long (o) Lat (o) Height 

(km) Long (o) Lat (o) Height 
(km)

Set 1

Satellite 2 81.7600 -73.1783 -

102.9200 -56.0653 0.8160
Satellite 3 86.7600    19.6543 -
Satellite 4 96.7600 -51.7531 -
Satellite 5 96.7600  33.9358 -
BTS 1  102.9200 -56.0652 1

Set 2

Satellite 1 96.6400  30.9081 -

104.5400   -39.1046 1.0920
Satellite 2  104.6400 -40.9493 -
Satellite 3  109.6400  52.3303 -
BTS 1  104.5400 -39.1045 1
BTS 2  104.5400 -39.1047 1.5

Set 3

Satellite 1 85.4000  17.7120 -

  95.6000    7.5428 1.0000
Satellite 2 95.4000 -53.6954 -
Satellite 3  100.4000  39.1342 -
BTS 1 95.6001  95.6000 1
BTS 2   7.4286    7.4266 0.5

Set 4

Satellite 1 95.2400  31.7650 -

  99.4400  38.9711 1.0000
Satellite 2  105.2400  39.6424 -
BTS 1 99.4401  38.9312 1
BTS 2 99.4400    38.971 0.5
BTS 3 99.4398    38.971 1.3

Set 5

Satellite 1  107.1800  48.8171 -

101.0000  58.5659 0.8000
Satellite 4 82.1800 -72.5755 -
Satellite 5 82.1800  13.1134 -
BTS 1  101.0000  58.5660 1
BTS 2  101.0000  58.5658 0.5

Table 2: Calculated Positioning Accuracy Results for Hybrid E-OTD/
GNSS in the Absence of Noises and Delays

Coordinates
Accuracy (km)

Taylor Series Non-Taylor Series
Set 1 1.3860 × 10-6  2.7004 × 10-11

Set 2 8.0992 × 10-5               4.3970 × 10-9

Set 3 1.1359 × 10-7  2.1077 × 10-11

Set 4 1.0406 × 10-6  2.6561 × 10-10

Set 5 5.3993 × 10-6 7.8345 × 10-9
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In the second part of position calculation and accuracy comparison, delays and 
errors from different signal sources, such as receiver clock offset, atmospheric, 
ephemeris, multipath, and selective availability (SA) noise, were included in 
the computation. Receiver clock offset is identical for all signals, which is 
5 × 10-10 seconds (sec). For BTS, atmospheric delay, ephemeris delay, and 
SA noise are irrelevant. Table 3 shows the delays and noise introduced by 
different signal sources. Let the sum of all the delays be represented by ε. The 
new time of travel is no longer the actual time of travel, but it is equal to the 
sum of actual time of travel and ε as expressed in Equation (23)

TOTNEW = TOTACTUAL +  ε   (23)

Table 3: Delays and Noises
Signal Source Atmospheric 

(sec)
Ephemeris 

(sec)
Multipath 

(sec)
Noise
(sec)

SA
(sec)

Satellite 1 2.00 × 10-8 1.70 × 10-9 3.30 × 10-10 3.30 × 10-9 2.30 × 10-8

Satellite 2 1.95 × 10-8 1.71 × 10-9 3.31 × 10-10 3.31 × 10-9 2.35 × 10-8

Satellite 3 2.02 × 10-8 1.69 × 10-9 3.29 × 10-10 3.29 × 10-9 2.33 × 10-8

Satellite 4 2.03 × 10-8 1.66 × 10-9 3.35 × 10-10 3.35 × 10-9 2.29 × 10-8

Satellite 5 1.98 × 10-8 1.74 × 10-9 3.27 × 10-10 3.27 × 10-9 2.31 × 10-8

Base Station 1 - - 4.00 × 10-10 4.50 × 10-9 - 
Base Station 2 - - 4.05 × 10-10 4.55 × 10-9 -
Base Station 3 - - 3.99 × 10-10 4.48 × 10-9 -
Base Station 4 - - 4.01 × 10-10 4.52 × 10-9 -

In the presence of noises and delays, the accuracy comparison further showed 
that the proposed non-Taylor series based positioning method also gave better 
results than the results obtained by using the Taylor series based positioning 
method. The Taylor series based positioning method achieved positioning 
accuracy in the range of 13 metre to 85 metre, as shown in Table 4, while the 
proposed method is giving positioning accuracy as low as less than 1 metre to 
36 metre. The obtained better accuracy of non-Taylor series based positioning 
method is due to the additional ranging information involved in the position 
computation.

Table 4: Calculated Positioning Accuracy for Hybrid E-OTD/GNSS in 
the Presence of Noises and Delays

Coordinates
Accuracy (km)

Taylor Series Non-Taylor Series
Set 1 0.0238425 0.0007592
Set 2 0.0199314 0.0157607
Set 3 0.0130558 0.0129520
Set 4 0.0171109 0.0113467
Set 5 0.0857510 0.0367768
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Further analysis reveals that, the selection of BTS has significant influence on 
the positioning accuracy. It can be noted that, as the BTS gets closer to each 
other and/or closer to RX, the positioning accuracy is expected to decrease, 
because the time of travel of these signals become too short for the position 
computation. Based on the obtained results, the preferable distance between 
BTS and RX should be above 1 km in order to produce satisfactory accuracy 
results.

CONCLUSION

This paper has discussed in detailed the conventional Taylor series based and 
the proposed non-Taylor series based positioning methods for both hybrid 
E-OTD/GNSS and hybrid GPS/Cellphone systems. The proposed non-Taylor 
series based positioning method is a simpler and more accurate positioning 
method which involves less complicated mathematical substitution and 
expansion. The LBS position computation tool was developed to implement 
the above discussed positioning methods. The tool allows flexible setting of 
position for satellites and base stations, the level of noise and delays. The 
obtained results showed that the calculated or estimated RX position by the 
proposed method is very close to the actual RX position with the absence of 
delays and noises; thus, it achieves improvement on accuracy provided by 
the conventional Taylor series based positioning method. In contrast, with 
the presence of delays and noises, the proposed positioning method achieves 
positioning accuracy ranging from below 1 metre to 36 metres, which is 
also higher that the results obtained by using Taylor series based positioning 
method. A better positioning accuracy of the proposed non-Taylor series 
based positioning method can be achieved by including additional ranging 
information, which is available from the surrounding BTS.  The other 
advantage of the proposed positioning method is that, no initial estimation of 
RX position is required. In a practical situation, the positioning accuracy of 
Taylor series based positioning method is influenced by the accuracy of the 
initial estimation of RX position. 
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ABSTRACT

This paper studies the connection between the commercialisation 
of knowledge management practices and its contributions toward 
the knowledge-based development in Malaysia. Theoretical 
relations in this paper were tested through an empirical study 
carried out among public-listed organisations in the industrial 
products, consumer products, and service industries in Malaysia.  
The findings of this paper revealed  that it is important for 
corporations to focus on knowledge management in the 
development of the organisation’s corporate strategy. Empirical 
evidence supported the view that firms with knowledge 
management capabilities and understanding will utilise these 
capabilities to drive their quality strategy, thus performing better 
than those that do not.  In addition, the finding serves as an initial 
move among private sector business toward a knowledge-based 
country. This paper concludes that these practices have a positive 
incidence not only on the performance of the firm but it also gives 
some initial contributions toward the development of Malaysia as 
a knowledge-based country.

Keywords: Knowledge-based development, Corporate strategies, Firm 
performance, Public-listed organisations, Malaysia. 

INTRODUCTION

The 21st century’s knowledge economy is marked by major developing trends 
such as pervasive computing, mass customisation, continuous learning, 
globalised competition, collaborative partnering and virtual enterprises.  It is 
an economy in which value flows from the technology and practices used 
to harness an organisation’s knowledge resources and knowledge-processing 
skills. In order to remain competitive, initiatives to expand the market for 
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Malaysian products and services has to be undertaken by strengthening the 
country’s position in traditional markets and by exploring new markets.  As 
such, initiatives to liberalise trade under World Trade Organisations (WTO), 
AFTA, as well as bilateral free trade arrangements with countries in East Asia, 
South Asia, and Asia Pacific, are expected to expand Malaysia’s global reach. 
One of the biggest challenges under the Ninth Malaysia Plan is managing 
knowledge in human capital and its related development, and upgrading the 
mental capabilities and intellectual capacity of a nation. The move toward 
globalisation means that the country is embracing knowledge-based economy, 
where the development of human capital is a high priority. In order to remain 
competitive, private organisations in Malaysia have to utilise their strategic 
resources more proactively and make their objectives and practices consistent 
with the organisation’s vision and policy.

In light of these developments, organisations through their corporate 
management and those involved in the developing strategies should take 
note of the major impact of knowledge in the formulation of corporate 
strategy (CS) and its ultimate goals. Initially, there would be a need to look 
at outcomes derived from an analysis of the internal organisation to better 
position the company to prevail in the ongoing competitive challenges it 
confronts. The alignment of knowledge management (KM) strategy and CS 
directs an organisation to maintain its long-term position and sustain the 
firm’s competitive advantage. Subsequesntly, this study explored the scope of 
the knowledge activities among firms and the extent to which these practices 
contribute to the performance of the organisation in a way it could contribute 
toward the initial development of the knowledge-based movement in Malaysia.

STATEMENT OF PROBLEM

Research which integrates knowledge management practices (KMP), CS, and 
its impact on firm performance (FP) as a contributing factor toward the initial 
development of knowledge-based activities among industries in Malaysia is 
still scant.  Although many studies have been conducted, they were carried 
out in isolation.  Furthermore, whether organisations are able to leverage 
on the optimum use of their strategic resources through appropriate KMP 
and integrating these practices into every aspect of CS in order to improve 
organisational performance, and how it contributes toward knowledge-based 
development in Malaysia appears to have received little attention.  

This study addressed the question of whether a combination of the successful 
type of both CS and KMP exists that is predictive of FP in the forms of both 
financial and non-financial outcome among public-listed organisations in 
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Malaysia.  The public-listed organisations have been selected due to their 
high engagement in the knowledge-based activities particularly those in the 
consumer products, industrial products, and services industries. As such, 
investigation of alternative and interactive models can contribute to strategic 
management theory and knowledge-based view of the firm theory by providing 
additional insights in the relationships between the KM and FP model.  In 
order to advance the theory, it is necessary to develop alternative hypotheses 
that investigate the interaction effects.  The fit between KMP and corporate 
strategy as strategic elements may have a positive impact on FP and contribute 
toward knowledge-based development in the country.

FIRM PERFORMANCE

Firm Performance  this study reviewed both the strategic management research 
and knowledge management stream to discover the underlying constructs 
that frame FP.  A number of studies in the strategic management field 
advocated the different intra-firm deals with both elements of organisational 
and environmental variables. Such differences reflect characteristics and 
indicators that most firms have to deal with, particularly in planning, 
executing, and implementing CS (Schendel, 1996; McGivern Tvorik, 2005). 
This is further supported by many studies when incorporating Miles and Snow 
typology (1978) which is later extended by Conant, Mokwa and Varadarajan 
(1990) in differentiating the organisation’s actions toward various strategy 
and the success, depend on whether the firm is categorised under prospector, 
analyser, defender or reactor category (Norziha, 2005; Rozhan, Rahayu & 
Rashidah, 2001; Zabid & Anantharaman, 1997; Raja Hanaliza, 2005; Raja 
Suzana, 2005).  Hence, this generally accounts for differences in terms of 
developing the organisation’s own CS and its impact toward FP.  In turn, the 
strategy differential will result in low, normal, or supernormal performance 
consequences (Hambrick, 1983).

Corporate Strategies–in the context of this study and based on the literature, 
the researchers combined some earlier proponents of strategy such as Miles 
and Snow (1978), Robbins (1990), and Chandler (1962), and defined CS as 
achieving the fit between the organisational strategic resources, structures, 
and processes. The corporate strategic choice resolves around the internal 
and external issues and behaviour of the organisation, and technological and 
administrative problems of the firm.

The resource–based view of the firm-developed in various work  by 
Wernerfelt (1984), Barney (1996), Teece (2000), Teece, Pisano, and Shuen 
(1999), Prahalad and Hamel (1990), Penrose (1959), and Chandler (1962)–
the resource-based view asserted that a business enterprise is best viewed 
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as a collection of sticky and difficult-to-imitate resources and capabilities 
(Penrose, 1959; Wernerfelt, 1984; Barney, 1996.

The knowledge-based view of the firm–Kogut and Zander (1996) define the 
meaning of organising knowledge in the organisation as the main motive the 
knowledge-based view of the firm exists. These authors define the meaning 
of organising knowledge as viewed by knowledge-based view theorists as a 
social community specializing in the speed and efficiency of the creation and 
transfer of knowledge.

Knowledge Management Practices–in fact, there is no single ultimate 
definition of knowledge management (Darroch, 2003; McCann & Buckner, 
2004; Diakoulakis, Georgopulos, Koulouriotis & Emiris, 2004; Lengnick-
Hall & Lengnick-Hall, 2003, p. 85). However, knowledge management has 
been regarded as an interdisciplinary field that draws on a variety of business 
activities and academic specialisations.  In an attempt to accelerate the 
efficiency and effectiveness of managing knowledge issues and in the context 
of this study, there is a need to align them with relevant KMP and strategic 
choices of the firm.  Hence, in achieving a fit between the elements of CS 
and KMP, the researchers defined KM as activities which are concerned 
with systematic, effective management and utilisation of an organisation’s 
knowledge resources where it encompasses the acquisition, dissemination, 
and responding to an organisation’s knowledge which provides effective 
and efficient value-chain within the strategic and functional needs of the 
organisation. Consequently, in solving various processes, problems, and 
challenges encountered by organisations, two major themes are apparent, 
namely (i) knowledge value chain and (ii) KMP goal.

The underlying principle of this theoretical model, as in Figure 1, is the need 
to build into organisations the attributes that create conditions which allow 
employees and managers who are involved in knowledge issues to assume 
more responsibility and accountability for planning, organising, controlling, 
and executing their tasks in solving issues. On the strength that the theoretical 
model and conceptual basis can be used to assess each intended element of CS 
and KMP that can create opportunities for meaningful and challenging work, 
hence, both the CS and KMP dimensions of the model serve as the conceptual 
framework of this study.
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 Fig. 1:  Theoretical Model

Hypotheses–the conceptual framework as illustrated in Figure 1, has three key 
major components:  CS, KMP and FP. CS serves as the independent variable 
of this study, while KMP, the moderating variable. FP is the dependent 
variable.  The following hypotheses were formulated based on the research 
evidence found particularly from the descriptive studies of the relationship 
between CS, KMP, and FP. 

Snyman and Kruger (2004) in their study found that a fit between the 
organisation’s strategy and its knowledge management strategy can be achieved 
by exploiting organisational strategic resources and its corporate intent. The 
CS appears to be successful when the knowledge strategy and knowledge 
program is consistent with corporate ambitions and that the techniques, 
technologies, resources, roles, and skills, are aligned and support the business 
objectives. Hence, the researchers derived the following hypothesis; H0 1: 
there is a significant relationship between each of the KMP and CS pursued.

That Raja Suzana (2004) and Raja Suzana (2005) stressed the key issue in 
strategy is to have a unique offering (low cost, high quality) in aspects of 
the organisational products or services. Hence, in this turbulent environment, 
resources appear to be useful particularly in transforming relevant knowledge 
to useful products and services. These resources are then used in activities 
which are needed in order to produce a service or product, to be supplied to 
customers. Based on the evidence, the linkage was anticipated as follows: H0 
2: there is a significant relationship between each of the CS pursued and FP.

Parnell, Lester and Menefee (2000) sought the responses from 137 wholesale 
grocers in their effort to find out an alternative perspective on the knowledge 
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strategy-performance relationship.  They followed Conant et al. (1990) who 
had developed the item scale in the original of Miles and Snow’s (1978) 
typology.  While for the FP, the return on asset (ROA) for three years was 
examined.  The result of this study demonstrated that uncertainty varies by 
generic strategy, suggesting that businesses consider both the type and degree 
of uncertainty when crafting a competitive strategy that leads to superior FP.  
Hence, the researchers derived the following hypotheses; H0 3: there is a 
significant relationship between each KMP and FP.

In an attempt to seek the moderating effects of KMP on the relationship of 
CS and FP, many studies had been conducted in isolation and they did not 
specifically determine and explore the moderating factor of KMP.  Hence, 
this study contributes to a new area in the Malaysian context since no previous 
research was undertaken.  The linkage is anticipated as follows; H0 4: there is 
a positive relationship between CS and FP, moderated by KMP.
 

RESEARCH METHODOLOGY

In order to test the research model, the researchers conducted a cross-sectional 
survey among public-listed organisations in Malaysia.  A self-administered 
questionnaire was designed and delivered to 325 organisations.  This study 
addresses the question of whether a combination of the successful type of 
both CS and KMP exists that is predictive of FP in the forms of both financial 
and non-financial outcome among public-listed organisations in Malaysia.  
The public-listed organisations were selected due to their high engagement in 
knowledge-based activities.  

A total of 325 questionnaires were mailed to 325 public-listed organisations in 
Malaysia.  From this, 155 organisations responded to the survey, representing a 
48% response rate.  However, 32 responses were unusable (9 due to incomplete 
answers, 11 were returned blank, and another 12 refused to participate mostly 
due to company policy). Hence, a total of 123 responses were received and 
the effective response rate was 38%.  These response rates are comparable to 
similar previous studies involving top executives.  For example, Asoh (2004) 
surveyed top executives of firms in a study of the alignment of strategy and 
knowledge strategy.  The author reported a response rate of 13%.  Considering 
that mail surveys generally have low response rate, this level of response is 
satisfactory (Sekaran, 2000) and exceeds the calculated sample size of 120, 
using the G-Power analysis of a medium effect size of .15 (Cohen & Cohen, 
1977). 
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The instrument was categorised into four sections and the alpha coefficient 
was calculated for the four sections and for the questionnaire in its entirety.  
The level of significance for items was established at .05.   The Alpha score 
obtained for all the four sections were above .89, that which was well above the 
.70 level and this was generally acceptable for field research (Hair, Anderson, 
Tatham, & Black 1998). Additionally, according to Sekaran (2000), the 
value of alpha level of more than 0.6 shows the research instrument to be 
reliable for the purpose of the study.  This result therefore, suggested that 
the questionnaire is a reliable instrument to consistently measure the level 
of knowledge practices and the CS pursued in these organisations.  All the 
question items were measured on the 10 point Likert scale from “don’t agree 
at all” (1) to  “completely agree” (10).  

RESULTS

Moderated Multiple Regressions (MMR) using higher-order interaction 
analysis was conducted. MMR is an inferential procedure which consists of 
comparing two different least-square regression equations (Aguinis, 2004). 
The researchers chose MMR as it allows researchers to analyse both how 
well the measures relate to each construct and how the independent variables 
influence the dependent variable. In addition, the Pearson Product moment 
correlation coefficient was also conducted to test the relationship between 
two variables. The Cronbach Alpha test was used to test the reliability of the 
research instrument. All the reliability coefficients (Cronbach Alpha) were 
above 0.6, and within the acceptable range (Nunally, 1978). All the dimensions 
of  the Cronbach Alpha exceeded 0.7.  

Assessment of the Model–Two models were tested to assess the effects of 
a moderating variable. Model 1 excluded the interaction effects and Model 
2 included all the interaction effects as shown in Table IV. In formulating 
and testing interaction effect, the research applied a procedure described by 
Aguinis (2004). The value of the R2 for Model 1 and R2    for Model 2 were 
compared to assess the moderating strength of KMP in total.  In addition, the 
result of the R-square Coefficient is also presented in Table 1 to determine the 
relationship between each independent variable and dependent variable. All 
three hypotheses were supported and have a significant association between 
each variable at the 0.001 level.
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Table 1: The Result of the R-square Coefficient

Hypothesis Tested R- Coefficient R - square Coefficient

H1 0.64** 0.41
H2 0.50** 0.25
H3 0.50** 0.23

As shown in Table 1, all R-Coefficients regarding the positive association 
(H1, H2 and H3) were significant at the 0.001 level and the path coefficients 
regarding direct effect for H4 was also significant at the 0.001 level. For 
Model 1, as in Table 2, the explained variance R2 was .490, indicating that 
the CS explained 49% variance.  With the introduction of KMP [product term 
- (b3CS.KMP1 + b4CS.KMP2+ b5CS.KMP3)] in Model 2, R2 was increased to 
.621.  The addition of the product term resulted in an R2 change of .131, F (3, 
117) = 13.487 p < 0.001. These results supported the presence of a moderating 
effect. In other words, the moderating effect of KMP explains 13.1% of 
variance in FP increase and beyond the variance explained by CS scores and 
KMP choices.

Table 2: The Result of the MMR

Model 1 Model 2

Hypothesis Tested Beta T-value Beta T-value

H4- CS*KMP
CS     .139ns 1.759 .266** 2.904
KMP     .612 ** 7.757      1.990** 2.374
CS.KMP      1.062** -2.487
R2     .490        .621
Adjusted R2     .482        .605
Notes:   **p < 0.001,  ns non-significant

The higher–order interaction effects of the MMR test was conducted to 
differentiate the level of those who adopted KMP and non-KMP. The 
Coefficients Table as shown above also includes information regarding the 
regression coefficients after the product term is entered in the equation. The 
equation is the following:

Equation 1:
 FP =  -.1.218 + .323CS + 1.726KMP – .272CSXKMP1 + 

.126CSXKMP2 + .341CSXKMP3 
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The CS – FP relationship for each group is shown in Figure 2 below. The 
researchers chose values of 1 (SD) above and below the mean for CS (Cohen 
& Cohen , 1977; Aguinis, 2004).  Referring to the mean score for CS being 
and the standard deviation (SD) being 69 from the descriptive results, the 
value of 1 SD above and below the mean was created.  Hence, using the value 
of 6.70 (1 SD above the mean) and 4.89 (1 SD below the mean), yielded the 
graph shown in Figure 2. Results from Equation 1 led to the conclusion that 
there is a moderating effect of KMP.  A perusal of Figure 2 showing the CS-
FP increase relationship for each of the groups separately gives a better sense 
that the relationship is stronger (i.e. steeper slope) for the market focused 
group as compared to those of operation focused group.

Fig. 2: Slopes for FP on CS for KMP (Market Focused and Operation 
Focused) 

CONTRIBUTION TO THE THEORY AND BODY OF KNOWLEDGE

This study also appears to be the first of its kind within the context of the 
Malaysian perspective emphasising KMP in the strategy point of view and 
its contributions toward the development of the knowledge-based agenda 
of the country as well as within the organisational level. Thus, this study 
has theoretical implications for academicians and practitioners. The study 
combined aspects of disparate research and integrates a unique perspective and 
ideas from scholars in the field of strategic management (Porter, 1985; Stabell 
& Fjeldstad, 1998); knowledge management (Darroch, 2003), information 
technology field (Tallon et al., 2000), and strategic marketing issues (Kohli & 
Jaworski, 1990). This was done to illuminate the concept of KMP in an effort 
to develop a suitable KMP construct and framework. The framework on KMP 
has opened new avenues for research and scholastic discourse in knowledge 
management, information technology, and marketing and even in the strategic 
management fields. Secondly, the utilisation and integration of KMP in 
crafting CS from the viewpoint of strategy or the strategic management of 
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knowledge and its operationalisation has yet to be looked into by research in 
the Malaysian view.  Hence, the results of this finding empirically contribute 
to a new area in the Malaysian context since no previous research has been 
undertaken. 

Thirdly, this study has made, a proposition for the structuring of KM concept, 
for example, KMP to be fully utilised in crafting the CS of the organisation 
because the results provided empirical evidence that KMP facilitates the 
success of a good business operation structure, which, in turn leads to better 
FP and contribute to a greater understanding of how KMP can improve FP, 
and some beneficial issues in a move toward knowledge-based development 
among industries in Malaysia.  

The empirical result of relationships and differences on each of the choice 
of KMP and strategic response of CS reflected that KMP constitutes a base 
for making informed and intelligent resource allocation decisions.  KMP 
which is concerned heavily on the knowledge-related activities appear to 
be one of the useful assets and can be utilised as strategic resources of the 
organisations as the study used empirical data in providing the explanation 
of the concept studies.  Specifically, this study revealed that it may make 
more sense for firms to incorporate knowledge management practices in 
crafting their corporate strategies as a response to business needs since this 
study showed such traditional practice of crafting corporate strategy alone 
does not adequately enhance business activities in terms of firm performance 
objectives. This study appeared to contribute to a new understanding that 
KMP is not necessarily focused on the processes alone, instead its overall 
usage and utilisation toward crafting the CS as well as the orientation of the 
strategic response is crucial.  Hence, the authority concerned on the agenda 
of the knowledge-based moves should ensure that organisations be well-
equipped and utilise the KMP in crafting CS issues of the organisations as an 
initial move to direct the organisations toward the better planning and dealing 
the strategic and functional needs of the firm.

IMPLICATIONS FOR PRACTICES TOWARD KNOWELDGE-
BASED DEVELOPMENT

These results and findings have noteworthy implications for both researchers 
and practitioners in the initial move toward the knowledge-based development 
of the country. Correspondingly, managers, practitioners, scholars, and 
organisations that attempt to incorporate KMP could take the following step 
to promote KMP in their organisations:
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Managerial Contribution

The management needs to encourage a culture of lifelong learning not only 
among the corporate level people involving top management, but also their 
corporate strategic personnel, because educators cannot teach everything that a 
student needs to know within a three or four-year programme. An environment 
that encourages self-learning must be inculcated where the personnel is 
facilitated in the transition toward performance of a highly knowledge-based 
organisation.

Contribution to the Organisation

The study verified the real benefits that practitioners and organisations 
experience with particular focus on private companies in Malaysia. It 
provides a straightforward answer for organisations in thinking about their 
most available resources: knowledge and human resource as well as on how to 
manage this efficiently and effectively through one proper system: knowledge 
management.

Curriculum Development and Educators 

The impact of KMP in the perspective of crafting and even reorganisation of 
CS requires educators to design programme that promote lifelong learning. The 
increasing attention put by many in emphasising the need to have a KM system 
and practices in the organisational setting demands changes in the mindset of 
the educator to continually cope with the recent trends of corporate change in 
strategic management of the organisation. Co-operation between education 
and industry must be intensified so that knowledge advances in the value 
creation activities such as the need to systematise the process of identifying, 
acquiring, retaining, disseminating, utilising as well responding to knowledge 
issues within the strategic and functional needs of the organisation.  Hence, 
this helps to create value and its effects on the performance of the firm can 
contribute to relevant curriculum development.  The presence of the industry 
in the development of educational programmes can neiher be discounted, 
nor can the presence of the academician in the business organisations be 
considered trivial.

CONCLUSION

The results of this study add to our understanding of the relationship between 
CS and KMP and their significant implications toward the performance of 
the organisation and thus have the potential to contribute theoretically to 
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both management strategy and knowledge management literature. The 
data suggested the presence of the concept of organisational fit between 
organisational structure and process. This finding is consistent with the earlier 
organisational literature.  The presence of the organisational fit itself suggests 
that every organisation chooses its own target market and develops its own set 
of products and services. This domain decisions were supported by appropriate 
decisions concerning the organisation’s technological, structure, and process.  

The study revealed that KMP had a significant moderating effect on the 
relationship between the CS and FP.  While previous studies claimed the CS 
can contribute to the performance of the organisation, this research indicated 
that organisation that adopts a specific type of strategy alone would sufficiently 
explain better FP although it significantly affects FP.  All the three dimensions 
of the KMP; the KMP goal, the KMP support, and the KMP corporate value-
chain have enabled the integration of the organisational, technological, and 
administrative issues to flow more effectively and efficiently. The presence 
of the value chain activities in organisations enable the process of acquiring, 
disseminating, and responding to the knowledge agenda and help organisations 
to pinpoint areas within the organisation where the KMP is creating value. 
Thus, this can serve as a model for an initial move among organisations to 
participate in the country’s move toward the knowledge-based development 
agenda.

Nevertheless, having discussed the above conclusion, this study raised at 
least three limitations.  Firstly, the response rate was high but the sample 
size (325) was relatively small.  A larger sample would bring more statistical 
power.  Secondly, the generalisability of the result may be limited since the 
majority of respondents was only those among the public-listed organisations 
listed in the Bursa Malaysia. The replication of this study in organisational 
contexts is necessary before the results can be generalized to the other 
form of organisations. Those in consideration may extend the study to the 
Multimedia Super Corridor (MSC) companies, the organisations registered 
with the Federation of Malaysia Manufacturers, the multinational companies 
in Malaysia, the government-linked companies and even those agencies 
and ministries under the Government of Malaysia. Thirdly, due to resource 
limitations, the research was cross-sectional, attempting to predict KMP in 
the aspect of CS of the organisation.  In future research, this study should be 
extended to examine actual KMP using longitudinal data.  This may provide 
more insights into KMP among organisations in Malaysia, as well as the 
relationship between additional issues in the corporate value-chain where 
KMP can add value not only to the organisations, but as main contributing 
factors toward the development of the knowledge-based issues and challenges 
in the country.
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ABSTRACT

This paper discusses the application of enhanced maintenance 
problem recognition techniques. The main contribution of this 
study is the proposed combined techniques, namely snapshot 
model, failure mode, effect and criticality analysis (FMECA), 
Pareto analysis, and decision analysis by using information 
technology (IT). The snapshot model is part of the maintenance 
modelling technique while FMECA, Pareto analysis, and 
decision analysis are part of maintenance reliability techniques. 
Each of the techniques and the proposed combined techniques is 
explained. The case study used for this enhanced technique was 
the palm oil mills maintenance problem. The result and possible 
further enhancement is also discussed.   

Keywords: Maintenance problem recognition, Snapshot model.

INTRODUCTION

The maintenance problem recognition is the process of identifying, defining, 
and diagnosing the maintenance problem. The main purpose of maintenance 
problem recognition is to avoid tackling the wrong problem. Generally 
maintenance problem recognition involves (Christer & Whitelaw, 1983):
(a) identifying the existence and location of the problem-which are 

recognising the symptoms, seriousness of the problem from the aspect 
of cost, downtime as well as the size, and the areas of the fault in the 
plant’s machines where the problems are most developed;

(b) determining the problem’s causes-the analysis of the problem’s causes 
can be at structural or functional level; consequently depending on the 
level of causal analysis, different solution strategies may be generated; 
and
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(c) generating and determining possible solution strategies-having 
identified the problem and its nature, location, causes, and 
consequences, only then possible solution strategies could be 
developed or generated.    

However, the data specified above are difficult to be found in any organisation 
and it is also very tedious to be collected on a dynamic basis if maintenance 
management information system is supposed to be used. For this reason the 
use of a survey form for collecting such type of data on a periodic a basis is 
suggested. A survey form is designed with the collaboration of maintenance 
engineers and operational research (OR) analysts. The designed survey form 
is then delivered to the maintenance engineers responsible for the repair of the 
machines. At each failure or maintenance intervention, the engineer registers 
the data related to the snapshot model in the survey form. After obtaining 
a satisfactory sample of the data, OR analyst collects the survey form and 
starts the analysis process. The results of the analysis, which is either in a 
graphical or tabular form, is then reported to the maintenance engineers. The 
results obtained are expected to reveal the true status of the plant under the 
study. 

Despite the usefulness of the snapshot model as one of the important tools for 
maintenance problem recognition, the implementation of the model in large 
scale is doubtful. This is mostly due to the scarcity and the reliability of the 
data related to snapshot model, the problem of analysing the data, and the 
problem of interpreting the results of the analysis to the users (maintenance 
engineers). Conducting snapshot modelling on a regular basis possesses 
problems for maintenance engineers, since each time, they need to recall the 
OR analysts to help in the analysis and interpretation of the results. Even with 
the availability of the OR analysts, they need to spend a considerable amount 
of time in collecting the data, analysing the data, and interpreting the results 
to the users.           

In the current snapshot, model there is an analysis for the major fault / failure 
types where each component is listed with its number of faults / failures. 
Assessing the severity of the faults / failures in terms of the frequency of 
the fault / failure, in this situation, is sometimes misleading. For instance, 
if a component that has developed the highest number of faults / failures is 
identified, but does not disrupt the work of the machine completely, and thus 
incur little cost and downtime, then, ranking such a component as the most 
critical one is misleading. Even though the ranking is established and proper 
analysis is conducted, an overall ranking based on all the criteria are not 
considered. The graphical representation of the analysed data is not analysed 
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for which areas are critical or not. This could have no meaning for the users 
(maintenance engineers) and may lead to wrong decisions being made. 
Deeper analysis also needs to be considered by look into different angles such 
as combining the cost with the mode of fault as well as downtime and the 
criticality of the components based on the probability of failure that could 
affect whole machines. A so-called decision analysis, a decision-making 
process technique that could assist the users (maintenance engineers), is also 
used as part of the snapshot model, which has been proven to assist in making 
a decision.

THE PROPOSED ENHANCED MAINTENANCE PROBLEM 
RECOGNITION TECHNIQUES

The expertise of OR analyst, which is always sought after in the development 
of a snapshot model, can be reduced with the implementation of a computerised 
snapshot model. The need for additional type of analysis in the current snapshot 
analysis can enhance the process of maintenance problem recognition. The 
proposed approach of automating and augmenting the snapshot model is not 
aiming to lesser the usefulness of the old snapshot model, but to complement 
such type of modelling. Enriched techniques that have proven appropriate and 
possible in combining with the snapshot model could give a more effective, 
ease of use and practically applicable to the real world maintenance problems.     

Elements of Enhancement

The need to enrich the current snapshot model with additional analysis, and 
facilitate its development requires the utilisation of the emerging information 
technology (IT) and failure mode, effect and criticality analysis (FMECA). 
In theory, IT and FMECA can be utilised to produce an enhanced snapshot 
model. Once the data collection is done, the analysis process needs further 
techniques to be used. This is where the techniques called Pareto diagram and 
decision analysis are introduced. The decision analysis in this study, used an 
analytic hierarchy process (AHP) method and decision making grid (DMG) 
by utilising fuzzy logic rule base (FLRB) method, which had been proven 
appropriate for the industrial maintenance decision analysis process. Figure 
1 shows the conceptual merger of the above mentioned techniques into the 
current snapshot model.

Information Technology

In the development of the current snapshot model, OR analysts are involved 
in the design of the data survey form, supervising the collection of the 
data, analysing the data, and interpreting the results to the engineers. The 
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maintenance engineers are not involved in the snapshot model construction. 
They are only involved in the assistance of OR analysts in the design of 
the survey form. Computer technology can increase the involvement of 
maintenance engineers in the development of the snapshot model by allowing 
the replacement of the survey form with a more general computer form that 
contains feature checking of the validity and consistency of the data, and can 
be applied for different machines. 

 

Fig. 1: The Conceptual Merger of FMECA, IT, Pareto Diagram, and 
Decision Analysis into the Snapshot Model

Computer technology can also permit maintenance engineers to carry out the 
snapshot analysis with or without assistance of OR analysts. 
 
Failure Mode, Effect, and Criticality Analysis

The failure mode and effect analysis could combined with the snapshot 
analysis to include:
•	 major fault areas and their modes-in this kind of analysis, all failures for 

each component of the machine will be analysed according to their mode; 
•	 failure mode and their cause analysis-this type of analysis provides 

guidelines and directions which is needed to be performed for specific 
failure modes;
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•	 failure modes and their cost analysis-this kind of analysis identifies the 
consequences of each failure mode in terms of the cost;

•	 failure modes and their downtime-analysis of such type leads to identifying 
the failure mode, which frequently disrupts the operation of the machines; 
and

•	 failure modes and means of prevention analysis-this kind of analysis 
identifies the viable means of preventing each type of failure mode.

The term criticality means a relative measure of the consequences of failure 
mode and its frequency of occurrences. Criticality analysis (CA) is a procedure 
by which each potential failure mode is ranked according to the combined 
influence of severity and probability of occurrence. According to Kececioglu 
(1991), the procedure for obtaining the criticality analysis is as follows;

•	 the number of failure for each mode will be calculated from the 
collected data;

•	 the total number for all the failure of the machine will be calculated;
•	 the failure mode frequency ratio (FMFR) will be calculated by 

dividing the number of failure for each mode by the total number of 
failure for the machines;

•	 obtain the estimated probability of stopping, Ps, of the machine if the 
failure in a given mode should occur;

•	 obtain the component unreliability Q by subtracting the component’s 
predicted reliability from 1 or 100 (if calculated in percent ages); and

•	 calculate the Criticality, CR = (FMFR) x (Ps) x (Q). 

By using the above steps, criticality ranking will be conducted for the 
components of any machine under the study.

Pareto Diagram

Pareto diagram or analysis is type of data analysis that consists of two main 
features which are Pareto table and graph. A pareto table shows a tabular form 
of ranking the worst machines or components, for example ten worst machines 
are ranked based on their frequency of breakdown. This table could be divided 
into three sets of low, medium, and high number of frequencies (Labib, 1998). 
This particular table is already included in the old snapshot model. Pareto 
graph is a combination of histograms with ranked worst machines and its 
cumulative percentage. The concept of 80 % of problems/faults coming from 
20 % of machines is implemented. This could show that the left side of the 
graph is more critical than the right side, which means that the more machines 
go to the right side, the less critical it is. 
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Decision Analysis

Decision analysis is a particular technique that was initiated by Labib (1998) 
as part of the framework to achieve world class maintenance. Among the 
established method to implement decision analysis are AHP and DMG based 
on the FLRB method. The AHP was developed at the Wharton School of 
Business by Thomas Saaty, (1997). It is a decision support tool, which can lead 
the decision makers to model a complex problem in a hierarchical structure 
showing the relationship of the goal, objective (criteria), sub-objectives, and 
alternatives. Fig. 2 shows the workflow of the AHP process.  

Fig. 2: Analytic Hierarchy Process (AHP) Workflow

There are four major steps to calculate AHP which are;
1. Setting up the hierarchy. 

The first step in AHP is to develop a hierarchy by breaking the problem 
down into its components. This level is also known as the design 
phase. The three major levels of hierarchy are the goal, objectives, 
and alternatives. The goal is a statement of the overall objective. The 
alternative is the feasible way that is available to reach the ultimate goal.

2. Comparison of characteristics and establish priority vector. 
Characteristics refer to the objectives or criteria that are located in the 
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second level of the hierarchy. In this phase, it is known as the evaluation 
phase. The decision maker needs to perform a comparison between each 
objective in a one-to-one (N x N) matrix form. 

 
Pair wise comparison is used to determine the relative importance of each 
alternative in terms of each criterion. The pair wise comparison expresses the 
qualitative answer of a decision maker into some numbers, which is easy to 
manipulate in the calculation and thus solves the problem of inconsistency 
in the unit of measurement for each criterion. Pair wise comparisons are 
quantified by using a scale which is a one-to-one mapping between the set of 
discrete linguistic choices available to the decision maker and a discrete set of 
numbers which represent the importance or weight of the previous linguistic 
choices. Table 1 shows the proposed scale where the scale member set is {9, 
8, 7, 6, 5, 4, 3, 2, 1, 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9}.

Table 1: Scale of Relative Importance

By referring to the above standard scale, a matrix of characteristics (objectives) 
can be constructed. For consistency, it is necessary to set aji =1/aij (this states 
the obvious fact that if objective 1 is slightly more important than objective 3, 
than the objective 3 is slightly less important than objective 1.

Intensity of
Importance

Definition Explanation

1 Equal importance Two activities contribute equally to 
the objective

3 Weak importance of one over another Experience and judgement slightly 
favour one activity over another 

5 Essential or strong importance Experience and judgement strongly 
favour one activity over another

7 Demonstrated importance An activity is strongly favoured 
and its dominance demonstrated in 
practice

9 Absolute importance The evidence favouring one activity 
over another is of the highest 
possible order of affirmation 

2, 4, 6, 8 Intermediate values between the two 
adjacent judgement

When compromise is needed

Reciprocal 
of above 
(non-zero)

If activity i has one of the above non-
zero numbers assigned to it when 
compared with activity j, then j has 
the reciprocal value when compared 
with i
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Hence the concept of putting values in a matrix conforming to the following 
rules;

a. the equal attribute in the matrix is put as 1 (diagonal);
b. the decision maker only needs to fill the upper right triangle of the 

matrix;
c. for the lower left triangle of the matrix, the value should be the inverse 

of the corresponding cell in upper right.

3. Comparison of alternatives and establish priority vector for alternatives. 
 The previous steps determined the weight of each objective, so the next 

step is to determine how well each alternative scores on each objective. 
The process of calculation is almost similar with the previous step where 
a pair-wise comparison matrix for each objective is constructed by 
referring to the scale. 

4. Obtaining the overall ranking. 
The final step is to obtain a vector of overall scores for each alternative, 
which can be accomplished by multiplying the weight calculated by each 
alternative associated to each of the criteria. The first ranked alternative 
will have the highest weight (highest priority).

One foundation of the AHP is the observation that the human decision-
making is not always consistent. Consistency suffers when the criteria being 
compared are subjective in nature. The AHP provides a standard by which 
the degree of consistency can be measured. If inconsistency exceeds an 
established threshold, then participants can re-examine their judgements. In 
the AHP, the pair-wise comparisons in a judgement matrix are considered to 
be adequately consistent if the corresponding consistency ratio (CR) is less 
than 10 %. Firstly, the columns in the judgement matrix A, is multiplied with 
the resulting vector priority, w, and the average of ratio of each element yields 
an approximation of the maximum eigenvalue, denoted by l

max
 (an eigenvalue 

of a square matrix A is a scalar c such that Aw = cw holds for some non-zero 
vector w).

Then the consistency index (CI) value is calculated by using formula CI = 
(l

max
 – n)/(n-1). Next, the consistency ratio (CR) is computed by dividing 

the CI value by the random index (RI). The CR is the average CI of sets of 
judgements (from a 1 to 9 scale) for randomly generated reciprocal matrices. 
The consistency index is shown in Table 2.

For a perfectly consistent decision maker, each ratio in Step 2 equal to n. 
This implies that a perfectly consistent decision maker has CI = 0. The values 
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of RI in Table 2 give the average value of CI if the entries, for example A 
were chosen at random (subject to the constraints that aij’s must equal 1, 
and aij = 1/aji). If the ratio of CI to RI is sufficiently small, then the decision 
maker’s comparison is probably consistent enough to be useful. Saaty (1990) 
suggested that if CI/RI<0.10, then the degree of consistency is satisfactory, 
whereas if CI/RI > 0.10, serious inconsistencies exist and AHP may not yield 
any meaningful results. 

Table 2: Random Index/Random Consistency Index for Different Value 
of n

Order of Matrix (n) Randomly Generated
Index of Consistency

1 0
2 0
3 0.58
4 0.90
5 1.12
6 1.24
7 1.32
8 1.41
9 1.45
10 1.49
11 1.51
12 1.48
13 1.56
14 1.57
15 1.59

The features to enhance the snapshot model are;

i. first level-criteria evaluation: this step needs the decision maker to 
prioritise his/her preferences on different criteria, such as fault mode, 
effect, major fault, fault cause, and consequences;

ii.  second level sub-criteria evaluation: this step needs the decision maker 
to prioritise his/her preferences on different sub-criteria, such as number 
of fault, machine downtime, cost, and criticality; and 

iii.  third level–Alternatives selection: the machines are ranked according to 
their weights which are obtained through running an AHP algorithm in 
an absolute mode and hence a consistency ratio of value zero is assured. 

 
The above mentioned three levels of AHP method steps are complimentary to 
the three types of analysis provided by snapshot model, which are major fault 
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analysis, cause of fault analysis, and consequences of fault analysis. Once 
the FMECA features called fault mode, effect, and criticality analysis are 
embedded into the snapshot model, they will also be the added features to the 
decision analysis process.
 
The three steps of the fuzzy controller are Fuzzification, Rule evaluation 
(Inference), and Defuzzification (Cox, 1994). Each of these steps is described 
below:
1. First step-fuzzification: the first step in the fuzzy controller is the fuzzification 
process. 
The membership function, universe of discourse U, is the classifications that 
are considered in the problem. It is assumed that both frequency and downtime 
can be classified into High, Medium, and Low. However, each type of input 
has its specific scale. The decision maker should be able to specify a different 
scale for each case according to his/her preferences, which are obtained from 
experience. A trapezoidal function is assumed for simplicity of coding.
2. Second step-rule evaluation: The rule evaluation step can also be explained 
as an input-output system. 
In this step, inputs are expert rules, and fuzzy inputs obtained from the first 
step (that is, values of m), while outputs are fuzzy values of maintenance 
actions to be carried out. Given two variables of frequency and downtime 
with each having three subsets of Low, Medium, and High, then one needs at 
least nine (3x3) rules to describe the model (system). These rules are in the 
form of IF . . . THEN . . . statements. Examples of maintenance prescriptions 
are as follows;
(a) Operate To Failure (OTF),
(b) Fixed Time Maintenance (FTM),
(c) Skill Levels Upgrade (SLU),
(d) Condition Base Monitoring (CBM), and
(e) Design Out Maintenance (DOM), 

A summary of the application of each action, based on the values of Frequency 
(Fr) and Downtime (Dt), is given in Table 3. An example of a rule can be “IF 
downtime is low and frequency is high, THEN improve operators skill”. In 
other words, the repair time is small but occurs frequently which indicates 
that it is a relatively a trivial type of repair, and hence skills of operators might 
be updated to repair those kinds of jobs. This rule can be written as follows: 
 IF frequency is HIGH and downtime is LOW THEN  
 S. L. U   (Rule 7)

Rule 7 is shown in the third row, and first column in Table 3. The summary of 
rules is presented in Table 3.
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Table 3: Summary of Rules for Maintenance Actions

Dt (low) Dt (medium) Dt (high)

Fr (low) OTF FTM CBM

Fr (medium) FTM FTM FTM

Fr (high) SLU FTM DOM

 
Notice that if the action is implemented successfully, it is expected that the 
next state should be a movement toward the northwest direction. In other 
words, the objective is to transfer the condition of a particular machine 
(or component) from high to medium and from medium to low for both 
frequencies and downtime. Once rules are constructed and given the values of 
the fuzzy inputs (mfl, mfm, mfh, mdl, mdm, mdh), one can apply the minimum 
and maximum (AND & OR Zadeh) inference computations.
 
3. Third step-defuzzification: this is the final step in the fuzzy controller. 
 This process is based on the idea of deriving a crisp value from a 

fuzzy function. These items are arranged according to the degree of 
difficulty and cost of implementation, starting from the simplest to the 
more difficult ones. The defuzzification can be performed by deriving 
the centre of gravity of the area under the curve of the function. Given 
the cost function of each maintenance action, one can arrange the 
maintenance actions, the fuzzy output, and the cost scale function. The 
feedback mechanism offered by the rules grid or DMG of fuzzy logic, as 
shown in Table 3, in addition to the feedback already offered in AHP in 
the form of consistency ratio, provides an effective performance. 

The above-mentioned FLRB method is used as an enhancement of the snapshot 
model features called prevention action analysis. 

THE CASE STUDY AND RESULT

This case study demonstrates the application of the above-mentioned 
techniques and its effect on maintenance performance. This company was used 
as a pilot study in order to test whether the system meets the user expectation 
and preference. A number of experts were interviewed and proposals were 
made during the design and development of the targeted system. Summary of 
the result is shown throughout this paper. 
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Company Background 

The company is a palm oil mill (POM); the main job is processing the Fresh Fruit 
Bunches (FFB) to become Crude Palm Oil (CPO). In this particular company, 
there are about 50 major machines or plants. Since the aim of this tool is to 
assist maintenance engineers establish an appropriate maintenance action, the 
case study is related to an old palm oil mill, which has been in operation for 
more than 10 years and uses a conventional method of maintenance problem 
recognition techniques.

The Result

Most of the maintenance information found at POM at the time of the study 
originated from the unstructured daily and lubricant reports. The unstructured 
daily report only has the date of the report, time of the report, and the description 
of work. The lubricant report just gives the machine that needs a top-up or 
change of the lubricant oil, the quantity of oil needed, and a description of 
work or problem occuring that might cause the need for top-up or change of 
the lubricant oil. 
 
In the first step, by using the available data, a simple snapshot model was 
conducted. Data for the period from Jun 2005 to July 2005 was obtained 
using the existing method of data collection from the company. Summary 
of the results was presented to the company. Following the presentation of 
that report, a plan was set for the development of the tool that could provide 
an analysis to enhance the maintenance problem recognition. The snapshot 
model was built based on the data collected from POM concerning the most 
problematic machine namely, Screw Press. Three phases of maintenance data 
collections were conducted, which were from 1.8.05 to 30.9.05, that aimed to 
test the applicability of snapshot modelling for POM maintenance problem 
recognition; data from 1.8.06 to 30.9.06, and 1.11.06 to 31.12.06 were used to 
compare the result using the old snapshot model and enhanced snapshot model. 
Samples of the result using the enhanced maintenance problem recognition 
technique are shown in Table 4 and Table 5. 
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Table 4: Snapshot Model Developments and Its Enhancements for Press 
Machine Dated from 1.8.05 to 30.9.05 at POM

Component Name/Area 
of Fault

Current Snapshot
Enhanced Snapshot

FMECA AHP
Number of 

Breakdowns
Cost

(xRM100)
Downtime

(Hours)
Criticality

(/100)
Weight

29420E Bearing 19 62.88 21.50 4.75 23.94%

316 Coupling Bolt & 
Nut

20 26.10      30       4.6 20.44%

16004 Bearing 3   9.05      31.5 4.74 13.67%

120x150x14 Oil Seal 15 13.50 7.5 4.05   9.28%

29320E SKF Bearing 10   9.00    5       4.8   7.46%

3/8” Asbestos Packing 1   0.63 1.5 4.25   6.65%

22224E Bearing 6   6.30 3.5 4.76   6.31%

100x130x14 Oil Seal 7   6.30 3.5 3.99   6.21%

22220E Bearing 6   5.40    3 4.74   5.93%

Table 5: Snapshot Model Developments and Its Enhancements for Press 
Machine Dated from 1.8.05 to 30.9.05 at POM

Component Name/Area of 
Fault

Prevention Action Analysis

Current Snapshot
Enhanced Snapshot

FLRB-DMG
29420E Bearing Preventive Maintenance (PM) Operator Practice (OP)

316 Coupling Bolt & Nut PM OP

16004 Bearing Component Redesign (CR) PM

120x150x14 Oil Seal PM OP

29320E SKF Bearing PM OP

3/8” Asbestos Packing OP OP

22224E Bearing PM OP

100x130x14 Oil Seal PM OP

22220E Bearing PM OP
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The Discussion of the Result

Table 4 has shown a comparison between current existing snapshot model 
and newly enhanced snapshot model. It is obvious that by using the existing 
snapshot model, users are unable to select the most critical area of fault. 
This was due to each item, i.e. number of breakdowns, cost, and downtime, 
being selected differently. For example, in the case of 16004 Bearing, the 
number of breakdowns is 3, cost is RM9.05, and downtime 31.5 hours, but for 
29320E SKF Bearing, the data are 10, RM9.00, and 5 hours respectively.  The 
problem is what items are to be used as an indicator to select the most critical 
components. In order to solve this particular problem, the enhanced snapshot 
model is proposed to generalise all the items by using the AHP method. By 
using this method, all the possible items are considered and the result is ranked 
according to the calculated weight. 
 
In the case of prevention action analysis, the existing snapshot model decision 
is based on users’ experience and judgment. By referring to the enhanced 
snapshot model, users’ experience and artificial intelligence (AI) techniques, 
namely FLRB, is used to improve the decision making. This will ensure its 
accuracy and consistency of the result.     
       

CONCLUSION AND FUTURE WORK

The importance of the snapshot model as a tool for maintenance problem 
recognition is recognised. The recent development in computer technology 
in terms of speed and capacity, coupled with successful research in human 
computer interaction, plays a considerable role in the development of a 
successful tool that is capable of constructing a snapshot model. From the 
result, it showed that the use of enhanced maintenance problem recognition 
techniques significantly improve the decision context by adding the features of 
a snapshot model. However, the need to further enhance these tools is essential. 
One of the recommendations suggestions is by embedding the techniques with 
in a computerised maintenance management system (CMMS). The quality of 
data also could be a major issue and it could be resolved by using automated 
data capturing techniques, such as using a condition monitoring method. 
This paper has discussed a tool that has been developed by referring to the 
POM maintenance problem. The need to design and develop the maintenance 
problem recognition tool for any kind of data, such as in the field of medicine 
and education, is vital to ensure its robustness.
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ABSTRACT

The advent of the World Wide Web has opened up a new vista of 
opportunities for investment in the Information Communication 
Technology (ICT) industry. In recent years, the cyber cafe 
business has attracted considerable investment, providing job 
opportunities for many people. On the other hand, it has also 
been observed that some hitherto vibrant cyber cafes are also 
closing down due to the fact that they could not break even. 
This study, is therefore, aimed at identifying the factors/
indices that could enhance the performance of cyber cafes. A 
total of 250 users of cyber cafes in Akure, Ondo State, Nigeria 
were randomly selected and a structured questionnaire was 
administered on them. Data collected was analysed using factor 
analysis by principal component. The result revealed that four 
factors, namely quality of hardware, speed of processing, cost, 
and reliability of service are the major factors that influence 
users’ patronage. It is therefore recommended that investors 
and would-be-investors in the cyber cafe business should pay 
attention to these facors in order to enhance the success of their 
investment.

Keywords: Performance evaluation, Indices, Cyber cafe, Factor analysis. 

INTRODUCTION

The increased awareness and usage of Internet services by Nigerians has 
led to investors committing resources to the establishment of cyber cafe 
businesses. Most urban centres in Nigeria have witnessed an unprecedented 
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upsurge in the establishment of cyber cafes. Oluwadare (2006) noted that in 
the last decade, there has been unprecedented upsurge in the flow/movement 
of people, information, goods, and services across the globe. This trend has 
placed a heavy demand on ICT facilities which are at its infancy in Nigeria. 
The provision of broadband Internet services to all Nigerians is still a goal to 
be achieved given the poor state of basic infrastructure, poverty, illiteracy, 
inequalities, and the divide along rural/urban, and gender lines among others. 
With the Internet penetration rate of 1.1% (Internet World Stats, 2006), 
Nigeria has one of the lowest Internet penetration rates in the world.  

Motivation for the Study

Knowledge is fast becoming the universal currency of the 21st century, and 
since knowledge is derived to a large extent from information, ICT will 
continue to play a pivotal role in the transformation of human societies. Given 
the low Internet penetration rate in Nigeria, the need to encourage investment 
in ICT services cannot be over-emphasised. The current structure of cyber 
cafe businesses in Nigeria need to be fine-tuned in order to make them provide 
better and increased access to Internet services. This has necessitated the need 
to identify the factors or indices that would enhance their overall performance 
and profitability.

RESEARCH METHODOLOGY

This section describes the methodology used for conducting the study. This 
includes the study area, sources of data, sampling technique, and the method 
of data analysis.

Background of Study Area

The study area is Akure, the capital city of Ondo State, Nigeria. Ondo State 
is one of the 36 states of Nigeria. The population of Akure is made up of 
civil servants, professionals, artisans, traders, farmers, and students. Being 
the State capital, Akure is the hub of economic, social, political, and ICT 
activities in Ondo State. 
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Sources of Data

The data used for the study was derived from primary source by means of a 
structured questionnaire.

Sampling Technique

The research population consists of 124 registered cyber cafe in Akure out of 
which 25 cyber cafes were randomly chosen. This represents 20.16% of the 
research population. Ten customers of the cyber cafes were also randomly 
sampled and a structured questionnaire was administered on them. In all, a 
total of 250 respondents were covered by this study.

Questionnaire Design

The questionnaire centres around the demographic characteristics of the 
respondents and 25 variables that could influence the performance of cyber 
cafes. Respondents were asked to give their opinion on the importance of 
each variable that affect the performance of cyber cafes on a five point Likert 
scale: Strongly Agree = 5, Agree = 4, Undecided = 3, Disagree = 2, Strongly 
Disagree = 1. 

Demographic Characteristics of Respondents

The analysis of the demographic characteristics of the respondents is presented 
in Table 1.

Table 1 revealed that 60.0% of the respondents are male while 40.0% are 
female. Analysis of age distribution revealed that the modal age of the 
respondents is between 21 and 30 years. Only 16.0% are above 40 years. This 
clearly showed that the majority of those that patronise cyber cafe are
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Table 1: Demographic Characteristics of Respondents

Variable Frequency Percentage (%)

a. Gender
Male
Female

150
100

60.0
40.0

Age (years)
Less than 20
21 – 30
31 – 40
Above 40

10
150
50
40

  4.0
60.0
20.0
16.0

b. Marital Status
Single
Married
Divorced/Separated

155
85
10

62.0
34.0
  4.0

c. Years of Internet Usage
Less than 1
1 – 2
3 – 5
Above 5

5
19

120
106

  2.0
  7.6
78.0
42.4

d. Highest Educational Level
No formal education
Primary school
Secondary school
Tertiary school

5
10
85

150

  2.0
  4.0
34.0
60.0

e. Monthly Income (Naira)
Less than N10,000
N10,001 – 20,000
N20,001 – 30,000
N30,001 – 40,000
N40,001 – 50,000
Above N50,000

10
18
85

112
15
10

  4.0
  7.2
34.0
44.8
  6.0
  4.0

f. Training on Internet Use
Yes
No

164
86

65.6
34.4

g. Frequency of Visit to Cyber Cafes
Daily
Weekly
Monthly
Greater than a month

89
143
13
5

35.6
57.2
  5.2
  2.0

N = 250

Source: Field (2006)

the youth. In terms of marital status, the majority (62.0%) are single, 34.0% 
are married and 4.0% are divorced or separated. This further confirmed that 
most of those that patronise cyber cafe are the youth. Also, in terms of years 
of usage of the Internet, 2.0% have been using the Internet for less than one 
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year, 7.6 % for between 1 and 2 years, 48.0% for between 3 and 5 years, while 
42.4% for above 5 years. A closer look at Table 1 showed that about 90.4% of 
the respondents have been using the Internet for over 3 years.  

With respect to the educational background of the respondents, the Table 
1 also revealed that 2.0% had no formal education, 4.0% attended primary 
school, 34.0% attended secondary school, and 60.0% attended tertiary school 
(university, polytechnic, and college of education). Furthermore, analysis of 
monthly income of respondents revealed that 4.0% earn less than N10,000 
monthly income, 7.2% earn between N10,000  and N20,000, 34.0% earn 
between N21,000 and N30,000, 44.8% earn between N31,000 and N40,000, 
6.0% earn  between N41,000 and N50,000, while 4.0% earn above N50,000 
monthly. Concerning training in the use of Internet, 65.6% indicated that they 
had training on the use of the Internet while 34.4% indicated that they had no 
training on the use of Internet. With respect to the frequency of visit to cyber 
cafes, 35.6% visit cyber cafes daily, 57.2% visit weekly, 5.2% visit monthly, 
and 2.0% indicated that the frequency of their visit is above one month.  

Variables Used in the Analysis

The following  variables, which affect the performance indices of cyber café 
were used in the analysis.

(a) Availability of service (AVS)
(b) Service interruption /Failure rate (SIF)
(c) Location of cyber cafe (Accessibility) (LCC)
(d) Operating hours (OPH)
(e) Cost of service per minute (CSM)
(f) Cost of service per hour (CSH)
(g) Cost of service per day (CSD)
(h) Efficiency of service (EFS)
(i) Satisfaction with service (SWS)
(j) Assessment of download time (ADT)
(k) Assessment of response time (ART)
(l) Average waiting time (AWT)
(m) Power reliability (electricity) (PRE)
(n) Assessment of upload time (AUT)
(o) Competence of staff (COS)
(p) Quality of hardware (QTH)
(q) Quality of auxiliary service, printing, and scanning (QAS)
(r) Back up facilities, CD ROM, Flash drive, Diskette, etc. (BUF)
(s) Quality of furniture (QLF)
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(t) Seating arrangement (SAR)
(u) Environmental quality, e.g. air conditioner, lighting, etc. (EQL)
(v) Security (SEC)
(w) Waiting time before you can secure a workstation to work with 

(WTW)
(x) Number of computers (NCO)
(y) Virus problem (VIP) 

Method of Data Analysis

Factor analysis by principal components was adopted in the data analysis 
for the purpose of partitioning of the variables into factors that influence 
performance of cyber cafes. The purpose of factor analysis is to summarise 
the interrelationship and establish levels of variances in decision variables as 
they influence the given phenomenon. A factor is simply a linear combination 
of variables. The linear combination is not chosen arbitrarily, but in order to 
capture the relationship among the variables, factor analysis uses the correlation 
or covariance among a set of observed variables to describe them in terms of 
a smaller set of unobservable variables. The unobservable variables called 
factors, describe the underlining relationship among the original variables. 
Factor analysis requires a set of data points in matrix form with the row and 
column identifying the matrix (Cattell, 1949; Tucker & MacCallum, 1993;  
Olorunleke, 2006). The Factor Analysis Model is given as:

In factor analysis, attention is paid to the central limit theorem. Here the errors  
(ε

i
) are assumed to be normally distributed with mean 0 and constant variance. 

Factor scores and errors are independent. Factor analysis also assumes that all 
variables are dependent and there are no independent variables.

(Xί|ŷ, λ ,fί,m )   =        ŷ        +             λfί              +         εί               (1) 
    (p x 1)             ( p x 1)             (p x m)(m x 1)           (p x 1) 
 
where ŷ is the overall population mean vector, 
 
  λ is the factor-loading matrix, 
  fί  is the factor score, 
  m is the number of factors, 
  p is the observed variables, 
  εί is the error variance, and 
  ί  is the number of observation. 
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RESULTS AND DISCUSSION

Test of Sampling Adequacy

The Bartlett’s test of sphericity was used in the test for the appropriateness of 
the sample from the population and the suitability of factor analysis. It tests 
for the adequacy of the sample as a true representation of the population under 
study (Alese & Owayemi, 2004). 

Table 2: KMO and Bartletts Test of Sphericity 

Kaiser- mayer –Olkin measure of sampling Adequacy
Martlett’sTest of sphericity                    Approx. Chi square 
                                                               Df
                                                               sig

 0.888
   2077.117
   300

      000

The Bartlett’s test Table 2 shows a chi-square of 2077.117 and a significant 
level of 0.000, which is an indication of the adequacy of the sample. The 
Kaiser Mayer Olkin (KMO) test is another measure of sample adequacy. It is 
an index for comparing magnitudes of the observed correlation coefficients 
between all pairs of variables. It is small when compared to the sum of the 
squared correlation coefficient. A KMO value of 1 represents a perfectly 
adequate sample. A KMO of 0 represents a perfectly inadequate sample. The 
KMO value in Table 2 is 0.888, which shows that the sample is reasonably 
adequate. 

Communalities

The communalities are shown in Table 3. It shows the proportion of the 
variances explained by the common factors. The communalities are in the 
range 0 and 1, with 0 indicating that the common factors (extracted) explain 
none of the variances in the variable and 1 indicating that the common factors 
explain all of the variance in the variable. It could also be expressed as a 
percentage. For instance, the availability of service (AVS) is 0.588 which 
indicates that 58.8% of the variances in availability of service is accounted for 
by the common factors while the remaining 41.2% is accounted for by unique 
(unexplained) factors. The initial communalities are always 1.00 before the 
extraction of factors because at that initial stage every variable is regarded as 
a factor with a mean of 0 and standard deviation of 1.
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Table 3: Communalities

Initial Extraction
Availability of service (AVS) 1.000 .588
Service interruption /failure (SIF) 1.000 .584
Location of cyber cafe (accessibility) (LCC) 1.000 706
Operating hours (OPH) 1.000 .749
Cost of service per minute (CSM) 1.000 .775
Cost of service per hour (CSH) 1.000 .829
Cost of service per day (CSD) 1.000 .788
Efficiency of service (EFS) 1.000 .726
Satisfaction with service (SWS) 1.000 .677
Assessment of download time (ADT) 1.000 .810
Assessment of response time (ART) 1.000 .771
Average waiting time (AWT) 1.000 .670
Power reliability (electricity) (PRE) 1.000 .524
Assessment of upload time (AUT) 1.000 .754
Competence of staff (COS) 1.000 .649
Quality of hardware (QLH) 1.000 .779
Quality of auxiliary services – printing, scanning, etc.  (QAS) 1.000 .674
Backup facilities – CDROM, flash drive, diskette etc. (BUF) 1.000 .679
Quality of furniture (QLF) 1.000 .834
Sitting arrangement (SAR) 1.000 .751
Environmental quality, e.g. air conditioner, lighting. Etc. 
(EQL)

1.000 .828

Security (SEC) 1.000 .757
Waiting time you can secure a workstation to work with 
(WTW)

1.000 .536

Number of computers (NCO) 1000 .540
Virus problem (VIP) 1000 .527

Extraction Method: Principal Component Analysis

Factor Extraction

The 25 variables used in the study were subjected to factor extraction by 
principal component. The output of the analysis contained the initial component 
matrix which was subjected to rotation in order to fine tune the loadings on 
each factor. The initial Eigen values, the percentage variance explained, and 
the rotation sum of square loadings are presented in Table 4. 



97

Journal of ICT, 7, pp: 89-102

Table 4: Total Variance Explained (Rotation Sums of Squared Loadings) 

There are two forms of rotation viz: orthogonal and oblique rotation. 
Orthogonal rotation assumes that the factors are uncorrelated, whereas 
oblique rotation allows for some minor correlations among factors (Abdi, 
2003). The rotation methods explored were varimax, promax, equamax, and 
direct oblimin. Varimax, which is an orthogonal rotation method, was adopted 
based on the fact that it produced more meaningful loadings and also because 
the rotation converged after seven iterations, which happened to be the least. 
The result of the varimax rotation was used for interpretation. The rotated 
component matrix is presented in Table 5. 

Component
Initial Eigenvalues Rotation Sums of Squared Loadings

Total % of Variance Cumulative 
% % of Variance Cumulative%

1

2 

3

4

5

6

7

9

10

11

12

13

14

15

16

17

18

19

20

21

23

24

25

12.625

  2.099

  1.473

  1.308

    .993

    .775

    .757

     .716

    .627

    .549

    .477

    .411

    .377

    .277

    .270

    .228

    .186

    .159

    .147

    .123

    .110

  9.353E-02

  8.897E-02

  8.225E-02

  4.680E-02

50.502 

  8.397 

  5.894

  5.233 

  3.973 

  3.029

  2.862 

  2.196

  1.909

  1.644

  1.506

  1.108

  1.082

     .912

     .743 

     .634

    .587

     .492

     .440

    .374

    .356

    .329  

    .187

  50.502

  58.899

  64.792

  70.025

  73.998

  77.100

  80.129

  82.991

  85.500

  87.696

  89.605

  91.249

  92.755

  93.864

  94.945

  95.857

  96.600

  97.235

   97.822

  98.314

  98.754

  99.128

  99.484

  99.813

100.000

5.912

4.792

4.451

2.351

23.649

19.168

17.805

  9.403

23.649

42.818

60.623

70.025
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Table 5: Rotated Component Matrix Varimax
Factor 1 Factor 2 Factors 3 Factor 4

EQL 0.848
QLF 0.839
SAR 0.811
QTH 0.733
WTW 0.622
NCO 0.591
BUF 0.589
QAS 0.575
AVS 0.521
ART 0.767
ADT 0.753
SWS 0.707
AWT 0.671
EFS 0.626
SIF 0.574
AUT 0.606
CSH 0.811
LOC 0.786
CSD 0.758
CSM 0.749
OPH 0.710
COS 0.731
AUT 0.606
PRE 0.589
SEC 0.801
VIP 0.509

Rotation converged in 7 iterations.

The number of factors to be retained were specified on the basis of a social 
science rule which states that only the variable with a loading equal to or 
greater than 0.4 in absolute terms and percentage of variance greater than 1 
should be considered meaningful and extracted for factor analysis. The result 
presented in Table 5 was obtained based on this rule. A total of four factors 
were extracted and the following four factor groupings were obtained.

Factor 1: Quality of facilities: Environment, hardware, furniture, and 
availability of service
(a) Environmental quality (e.g. air conditioner, lighting etc.).
(b) Quality of furniture
(c) Sitting arrangement
(d) Quality of hardware
(e) Waiting time before you can secure a workstation to work with
(f) Number of computers
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(g) Backup facilities (e.g. CDROM, flash drive, diskette, etc.)
(h) Quality of auxiliary services printing, etc.
(i) Availability of service

Factor 2: Response time/Speed of processing
(a) Download time
(b) Upload time
(c) Satisfaction with service 
(d) Average waiting time
(e) Efficiency of service
(f) Service interruption / Failure rate
(g) Assessment of response time

Factor 3: Cost of service
(a) Cost of service per day
(b) Cost of service per hour
(c) Cost of service per minute
(d) Operating hours

Factor 4: Other factors
(a) Competence of staff
(b) Power reliability (electricity)
(c) Security
(d) Virus problem
(e) Location of cyber cafe

From the factor loadings and Table 4, it could be observed that quality of 
facility factors (factor 1) contributes 23.649% to performance, while response 
time/speed of processing, cost of service, and other factors contribute 
19.168%, 17.805%, and 9.403%, respectively. The four factors contribute a 
total of 70.025% while the remaining 29.975% is accounted for by extraneous 
factors, which are unique to the variables and other variables outside the 
control of the researcher.

Performance Evaluation of Individual Cyber Cafes

Factors can be estimated as a linear combination of the original variables. 
From the component score coefficient matrix shown in Table 6, we can form 
such linear relationships. This can be used to estimate the performance of 
individual cyber cafes based on the four factors extracted. This can be achieved 
by forming a linear equation of the weighted standard scores of the cyber cafes 
of the variable. 
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 Table 6: Component Score Coefficient Matric
Component

1 2 3 4
AVS 0.70 .100 .003 -.075
SIF .007 .124 .045 -.041
LCC -.025 .008 .233 -.090
OPH .030 -.055 .187 .093
CSM -.046 .058 .197 -.029
CSH .008 -.060 .230 .071
CSD .005 .002 .200 -.001
EFS -.002 .128 .055 .002
SWS -.011 .180 -.081 0.99
ADT -.010 .180 .013 -.021
ART -.014 .196 .006 -.065
AWT -.028 .156 -.013 .096
PRE -.020 .022 .018 .284
AUT -.017 .100 -.034 .266
COS .016 -.037 -.006 .385
QTH .130 -.011 .037 .040
QAS .087 -.004 .040 .122
BUF .087 .025 .047 .037
QLF .164 .028 -.043 -.036
SAR .163 .013 -.049 -.014
EQL .170 -.014 .008 -.053
SEC .172 -.086 -.010 .127
WTW .112 .041 -.047 .027
NCO .117 -.036 .101 -1.65
VIP .030 .166 -.004 -.322

Extraction Method: Principal Component Analysis.
Rotation Method: Promax with Kaiser Normalisation.

If the standard scores of the it-h cyber cafes in the 25 variables under 
consideration are Si,1, Si,2, Si,3, …, Si,25, then the assessment of the performance 
of the cyber cafés  considering the four factors, denoted by Cj, j = 1,2,3,4, are 
defined by:

C1 =- (0.070)S1,1 + (0.007)S1,2 - (0.025)S1,3  … + (0.030) S1,25 _ _ _ _ _ _ _ _ (1)
C2 = (0.100)S2,1 + (0.124)S2,2 + (0.008)S2,3  … + (0.166) S2,25 _ _ _ _ _ _ _ _ (2)
C3 = (0.003)S3,1 + (0.045)S3,2 + (0.233)S3,3   … - (0.004) S3,25 _ _ _ _ _ _ _  _ (3)
C4 = -(0.75)S4,1  - (0.041)S4,2 - (0.090)S4,3  … - (0.322) S4,25 _ _ _ _ _ _ _  _ _ (4)
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For each of the factors, a system of equations for the sample population of the 
following general form is obtained.

  

In an attempt to evaluate the percentage contribution of each factor to 
performance of cyber cafes, the Eigenvalues and percentage variance of each 
factor  after the extraction of factors are exhibited in Table 4. The social 
science rule earlier referred to stipulates that only factors with Eigen values of 
1 and above are considered meaningful for interpretation.
 

CONCLUSION

This research focused on the performance evaluation and indices of cyber cafe 
businesses in Akure, Ondo State, Nigeria using a factor analytic approach. 
A random sample of 25 out of a total of 124 registered cyber cafes in Akure 
metropolis were selected for the study. Ten users of  each of the selected cyber 
cafe were also randomly sampled and their opinion was sought with the aid of 
a structured questionnaire. The questionnaire comprised two sections namely 
the demographic characteristics of the respondents and a section in which 
their opinion was sought on some 25 variables that may influence patronage 
of cyber cafe. The opinion was rated on a five-point Likert scale. 

The results of the factor analysis reduced the variables necessary for the 
optimum performance of cyber cafe businesses into four factors, namely 
quality factors, speed of processing, cost of service, and other factors. The 
four factors produced a cumulative loading of 70.02%. It is recommended 
that efforts should be made at planning a feasibility study stage of investment 
decision to ensure that all these factors are taken into consideration before 
investing in a cyber cafe business. The government and all stakeholders should 
provide the basic infrastructure that would promote cyber cafe businesses in 
Nigeria.
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