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ABSTRACT 

Many studies, provided by diverse authors and institutions, demonstrate that, at a territorial level, development is di-
rectly related to the level of education and R & D. Territories with higher development levels are, generally, those that 
have a higher level of education and R & D. The relationship between the acquisition of knowledge and institutional 
education is therefore decisive. In this area, the role of universities is fundamental. The retention of university gradu-
ates is one of the main ways that the cities and the regions can adopt to retain those endowed with higher propensity to 
innovation, enterprise spirit and management capacity. Given that higher education institutions, in general, and uni-
versities, in particular, are obviously crucial in the process of knowledge increase, it becomes important to analyse how 
can these institutions act as ways of spatial diffusion of knowledge given that their graduates may migrate to other re-
gions of the country (or for another country). The alleged increased probability of this migration to occur when the 
university is located in a small or medium sized town makes that analysis also interesting from the viewpoint of the de-
velopment role that this kind of cities can perform, not only in the adjacent rural areas, but also across all the urban 
areas of the territory. The focus of our work consists in this analysis, which complements a theoretical approach with 
an empirical part based upon the results that can be observed for the influence of one university located in a 
small/medium sized town (the University of Évora) in the spatial diffusion of knowledge through its graduates. 
 
Keywords: Human Capital, Small Towns, Spatial Diffusion of Knowledge, Universities 

1. Introduction 

Many studies, provided by diverse authors and institu-
tions, demonstrate that territory development is directly 
related to the level of education and R & D characteris-
ing those territories. Indeed, territories with higher deve- 
lopment levels are, generally, those whose area is char-
acterised by a higher level of education and R & D. As a 
consequence, any insufficiency in these territories on 
those matters constitutes an obstacle to development. 

As is well-known education plays an inter-generatio- 

nal role. Education is a legacy of one generation to the 
following one; this being its main social function [1]. It is 
a medium-term investment, made by the society in gen-
eral and by households in particular, to the extent that 
expectations of higher contributions in the future mean 
forgoing the productive contribution of the young in the 
present [2]. Parents want their children to receive a high- 
quality education because they understand that in this 
way they are better preparing them for the labour market. 

In the European Union framework, the debate on the 
role of higher education institutions (henceforth, HEIs) 
within the knowledge economy is deeply important. The 
creation of a Europe of knowledge has been defined as 
main goal for the European Union since the Lisbon 
Council (March 2000). The Lisboa agenda include many 
players, in which the universities are certainly to be in-
cluded. In terms of growth, the knowledge society de-
pends upon the production of new knowledge, its trans-
mission through education and training, and its dissemi-

*A previous version of this paper was presented at the conference 
“Knowledge in Small and Medium Sized Towns: Towns as a Place of 
Knowledge and Diffusion”, which took place at the Universidade do 
Algarve, Portugal, in December 04-05, 2008. The authors are grateful 
for the comments obtained there as well as for the subsequent ones. All 
remaining errors and/or shortcomings are of our own responsibility. 
This final version is to be related to the research project PTDC/CPE-
PEC/103727/2008 (Rebuilding the Portuguese higher education sys-
tem’s network: challenges from demographics, economic growth and 
regional cohesion). 
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nation through information and communication technol- 
ogies. In this context, universities traditionally play their 
role in the fields such as those of research and develop-
ment of their results, due to industrial cooperation and 
spin-off, education and training, in particular training of 
researchers, and local and regional development. 

As a matter of fact, according to the Communication 
from European Commission [COM (2003): 58 final]1, 
universities play a key role to the knowledge economy 
and society. For example, universities employ 34% of the 
total number of researchers in Europe and are responsible 
for 80% of the fundamental research pursued in Europe. 
In addition, universities train an increasing number of 
students with increasingly higher qualifications, which 
contribute to strengthening the competitiveness of the 
European economy. Universities also contribute to the 
objectives of the Lisbon strategy, particularly employ-
ment and social cohesion, and to the improvement of the 
general level of education in Europe: in the total popula-
tion aged 25-64, the rate of employment of persons 
holding higher education qualifications stood at 84% in 
2001. On the other hand, the rate of unemployment 
amongst those which have higher education qualifica-
tions remains at 3,9%, about one third of total of persons 
with a low qualifications level. 

The analysis of local and regional role of HEIs is re-
lated to local economic, social and cultural environment. 
In this sense, HEIs are important instruments of regional 
development and of strengthening European cohesion. 
The development of technology centres and science cen-
tres, the proliferation of regional cooperation structures 
between the business sector and the universities, the ex-
pansion of university regional development strategies, 
the regional networking of universities are some dimen-
sions of university activity. In addition, universities can 
play an important role as a source of expertise and a 
catalyst for multiple partnerships between economic and 
social players with multiple networks at the regional and 
local levels [COM (2003): 58 final]. 

The contributions of HEIs to regional economies have 
been made through different ways [3] to identify eight 
different functions, or outputs, of modern research uni-
versities that may potentially lead to economic develop-
ment impacts: 

1) Creation of knowledge; 
2) Human-capital creation; 
3) Transfer of exiting know-how; 
4) Technological innovation; 
5) Capital investment; 
6) Regional leadership; 
7) Knowledge infrastructure production; 
8) Influence on regional milieu. 

Obviously, each of the previous outputs may cause a 
distinct pattern of effects on the regional economy, rang-
ing from the direct and indirect effects of university spe- 
nding to productivity gains in private enterprises, from 
the creation of new firms to increases in regional creativ-
ity and the capacity to sustain long-term development 
and growth [3]. According these authors, traditional ap-
proaches to assessing the impacts of universities have 
focused largely on the impacts arising from direct spend- 
ing and regional investment activities. On the other hand, 
extensions of these spending-impact studies have branch- 
ed into considering the effects of human-capital creation 
and induced regional migration patterns. In this sense, 
the recent approaches have focused on the basic knowl-
edge creation, knowledge-infra-structure provision, tech- 
nological innovation, and technology-transfer activities 
of universities and HEIs, in general [3]. 

The focus of our work consists in the analysis sketched 
up, which complements a theoretical approach with an 
empirical part based upon the results that can be obser- 
ved for the influence of one university located in a small/ 
medium town (the University of Évora) in the spatial dif- 
fusion of knowledge trough its graduates. 

The rest of the paper is structured as follows. From a 
theoretical point of view, the importance of HEIs in the 
accumulation and diffusion of human capital through 
their graduates is analysed in Section 2. From an empiri-
cal point of view, it is presented in Section 3 the case of 
the University of Évora, which is located in small/me-
dium size town, as a source of spatial diffusion of know- 
ledge. Section 4 concludes. 

2. The Importance of Higher Education  
Institutions in the Accumulation and  
Diffusion of Knowledge 

The human capital accumulation is a fundamental issue 
when the goal is to understand the economic and territo-
rial development process. In this sense, the HEIs role is 
crucial. The HEIs, in general, and universities, in par-
ticular, are promotional agents for the development of the 
regions where they are located, being also sure that some 
spatial spillover effects are generally observable. Hence, 
universities are fundamental entities within the develop-
ment process, capable of generating positive externalities 
in improving the performance of human capital through 
the exercise of the functions of education, R & D and co- 
mmunity service. 

According to [3], analyses of knowledge production 
have demonstrated that knowledge, as an output, has qua- 
lities that make it unique: knowledge-producing organi-
zations must be considered differently than other large 
organization with substantial output and employment. 
External benefits of knowledge production in the form of 
spatial spillovers lead to increased innovation among 
other regional firms. In this discussion, the fundamental 

1Communication from the Commission, the role of the universities in 
the Europe knowledge, Commission of the European Communities, 
Brussels, 05.02.2003. 
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issue is understand how knowledge generated through a 
university’s activities adds value to the local economy, 
and how relation between universities in their teaching 
and research activities and other agencies in the local 
economy contribute to the knowledge creation [4]. 

Undoubtedly, “Human capital is a fundamental varia- 
ble in the economic development process: the education 
of the citizens, more than any material wealth, is the force 
that mobilizes the cultural spread of a country, gives it inf- 
luence between nations and attributes to it aptitude to coo- 
perate in the development of a world that is becoming, with 
each day that passes, closer and more interdependent” [5]. 

This sentence suggests that we can approach the rela-
tions between education and economic development in 
two ways: firstly, education is responsible for increases 
in private incomes by enhancing the capacity for obtain-
ing jobs and higher wages; secondly, it generates collec-
tive externalities and it stimulates the competitiveness of 
companies and territories. 

Capturing the economic impact of higher education in 
human capital in a region requires determination of the 
effect of a specific institution’s education on future activ-
ity levels as well as the comparison of that effect of what 
would have occurred had the students been educated 
elsewhere [6]. According to [6] this type of impacts must 
include a measure of the discount value of the differences 
in flows of future economic activity – differences that 
arise from firms and institutions that are located in the 
area due to the presence of the university. 

The accumulation of capital, physical and human, is a 
basic condition for sustainable economic growth in the 
long run, and for the reduction of the divergences of in-
come between countries. Economic success, the first 
condition for the improvement of the standard of living 
of the population, translates into the capacity of regions 
or organizations to mobilize different institutions (com-
panies, organizations, infrastructures of information, sys- 
tems of incentives, etc.) to support learning. The relation 
between the acquisition of knowledge and institutional 
education is decisive. In this area, the HEIs role is fun-
damental. According to [7], is in the level of education 
and the employment of graduates in the regional labour 
market, as well as the level of programmes of profes-
sional improvement, that the effects of these institutions 
will be more significant. 

The effect of universities on regional economies can 
be analysed through the skills base approach. This ap-
proach attempts to quantify the impact that HEIs have on 
the long-run course of a region’s economy [8]. The HEIs, 
through teaching and research, produce skilled workers 
and increases in technology, both of which can directly 
increase the wages in the region. Higher wages rates can 
benefit a region’s economy through increased tax reve-
nue, increased consumption and higher rates of saving 
and investment [8]. 

The studies in this area were developed, for example, 
by [9] and [10] as well as by [11] or [12]. According to 
[8] the research done by [9] and [10] use estimatives of 
the potential future income stream of graduates who stay 
to work in the region as the measure of the long-run eco-
nomic impact of HEIs. Other studies – developed by the 
Institute for Higher Education Policy, 2005 - in this area 
looked beyond the immediate effect on wages to consider 
the less tangible effects that universities have on their 
communities [8]. In this sense, researchers have estab-
lished that the graduates are more likely to volunteer in 
their communities, vote and be aware of political events, 
require less health care, not smoke, experience lower 
rates and durations of unemployment, participate in the 
labour force and not require public assistance at some 
point in their lives. 

[11] developed some research about the several ways 
in which HEIs can influence the local labour markets. On 
the one hand, HEIs increase job prospects and the cha- 
nces of earning higher wages for their graduates; on the 
other hand, by increasing the average level of knowledge, 
HEIs can promote an increase in local productivity and in 
capacity to develop and to implement new technologies, 
depending on the average level of human capital in the 
economy. One relevant area in the debate between higher 
education and labour market gives respect to the kind of 
skills, i.e., the critical issue in this debate is whether or 
not the training at first-degree level should be profes-
sionalized to impart skills or should provide general edu- 
cation to prepare graduates to respond to their specific 
circumstances [13]. 

[4] quoted Felsenstein which identified three tips of 
‘forward linkage’, in the form of changes to the local 
level of human capital, to the pool of knowledge, and to 
the attractiveness of the local area to households and 
firms: 

1) Universities raise the level of human capital in their 
local economy but only to the extent that graduates stay 
in the local area after completing their studies; 

2) Universities add to the knowledge base of the area 
through a whole series of university-business links, in-
cluding consultancy and contract research; 

3) Universities may also add to the attractiveness of an 
area through the creation of positive ‘quality of life’ ex-
ternalities. 

Very close with this proposal, [14] suggests a model to 
analyse the effect of agglomeration on local university 
knowledge spillovers, knowledge transfer mechanisms 
based into three categories: 

1) Information transmission via local personal net- 
works of university and industry professionals (local la-
bour market graduates, faculty consulting, university 
seminars, conferences, student internships, local profes-
sional associations, continuing education of employees). 

2) Technology transfers through formal business rela-
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tions (university spin-off companies, technology licens-
ing). 

3) Spillovers promoted by university physical faci- 
lities (libraries, science laboratories, computer facilities) [14]. 

In this sense, knowledge is an asset in constant forma-
tion and accumulation at the university level and can be 
expected to filter into the local economy in due course, 
through teaching, consultancy and research; also, a uni-
versity’s international connections can also be important 
in arresting any inertia that might otherwise contribute to 
the loss of competitiveness of the local economy [4]. 
However, it is very likely that geographic proximity may 
not be a sufficient condition of meaningful university 
technology transfers [14]. For example, the absence of a 
‘critical mass’ of the enterprises ‘side’, the lack of pro-
ducer services, venture capital and entrepreneurial cul-
ture may explain the dissonance in local spillover effect, 
i.e., HEIs and local companies and other institutions 
should have the same ‘language’ and understand their 
complementarities in order to promote the rising of terri-
torial knowledge effects. 

One of the fundamental factors in the economic suc-
cess of a region is the extent it can attract or retain grad- 
uates, in that these citizens generally become more pro-
ductive. A great part of the economic effect of the HEIs 
depends in the decisions of its graduates not to migrate 
[12]. It must be admitted that higher education increases 
the probability of migration, in so far as graduates are 
better equipped to compete in the national and interna-
tional labour markets and thus leave the region where 
they have studied. Migration decisions are based on job 
chances: if a given region does not have a tradition of 
growth of jobs in specific sectors, but has graduates in 
these areas, then these will be potential emigrants. At the 
same time, the increase in the knowledge of the HEI 
cannot influence the development of economies if there 
is a lack of adequate and available jobs for graduates. 

So, the retention of graduates is one of the main means 
that the cities and the regions can adopt to hold in to 
those endowed with sensitivity to innovation, enterprise 
spirit and management capacity. Retention rates show, 
however, a relationship of many factors: the capacity of 
the HEIs to offer studies and training that take into ac-
count the needs of the local and regional economy; sta-
bility, diversity and importance of the economic regional 
base, the context of the national or regional economy, the 
origin of the students, the type of educational establishm- 
ent and the economic and social context of the students. 

Given that HEIs, in general, and universities, in par-
ticular, are obviously in the process of knowledge in-
crease, it becomes important to analyse how can these 
institutions act as means of spatial diffusion of knowl-

edge given that they graduates may migrate for other 
regions of the country (or for another country). The al-
leged increased probability of this migration to occur 
when the university is located in a small or medium sized 
town makes that analysis also interesting from the view-
point of the development role that this kind of towns can 
perform, not only in the adjacent rural areas, but also 
across all the urban areas of the territory. 

3. The Case of the University of Évora 

The University of Évora is located in a small/medium 
size town, i.e. in Évora, which has a population of about 
55 000 inhabitants. Évora is the main urban agglomera-
tion of the ‘Alentejo Central’ (NUT III) as well as of the 
province of Alentejo, which is the least densely popu-
lated region of Portugal and one of the poorest in the 
European Union. The evidently distinct behaviour of Év- 
ora, in economic and demographic terms, from the rest of 
the Alentejo (Central) is due to some factors, in which 
the importance of the University of Évora can undoubt-
edly be included. 

Being the main institution of higher education and of 
research and development (R & D) located in the Alent- 
ejo, the University of Évora has increased responsibilities 
in the areas of higher learning, research and community 
service. With reference to education and research, the 
areas prioritised for development are Natural Sciences, 
Social and Human Sciences, Economics and Manage-
ment as well as Agrarian and Veterinarians Sciences. 

In the area of the activities of community service, the 
University of Évora offers services at the level of training 
and consultancy, or by promoting the insertion of gradu-
ates in the regional labour market. It also participates in 
many regional entities, at the level of the respective ad-
ministrations, seeks regional partners for the institution 
through participation in activities of education or resea- 
rch, and maintains a special relationship with the schools 
involved in other levels of education. The accomplish-
ment or promotion of cultural and similar activities has 
been one of the most systematic ways used for involving 
the city. 

As a matter of fact, after the re-establishment of the 
University in 1979, the presence of this HEI has contrib-
uted decisively to the modification of the dynamic of the 
city through the increasingly significant presence of stu-
dents, many of them coming from regions other than the 
Alentejo (see [15]). Particularly in the 1980s and 1990s 
the University of Évora has contributed to fulfil the needs 
of the job market in Évora and throughout all the Alen- 
tejo through its graduates. This migration of human capi- 
tal, therefore of knowledge, towards Évora (and Alentejo) 
can therefore be viewed as complementary to the eco-
nomic-base relevance of the University of Évora (see [12] 
for an argument of how the skill-base approach, which is 
considered here, does not disregard the traditional eco-
nomic-base approach, but, indeed, adds to it).2 

2From a different, but complementary, perspective, [16] analyse the
importance of science in the diffusion of knowledge. See also [17], who 
consider the case of India when analysing the diffusion of knowledge 
through migration of scientific labour. 
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Having said that, it is our point that the diffusion of 
knowledge that is due to the University of Évora can be 
proxified by a positive proportion of the number of 
graduates that enter the job market in which they exert a 
profession requiring the knowledge and competencies 
earned at the University. In doing so we distinguish four 
territories of diffusion: Évora, (rest of) Alentejo Central, 
(rest of) Alentejo and the (rest of) Portugal. 

In accordance to our main goal, it is illuminating to 
present a figure showing those four territories of diffu-
sion, not only in terms of their location in the country but 
also in terms of their areas, as both aspects are clearly 
important in the understanding of the real importance of 
the spatial process of diffusion of knowledge by the 
graduates of the University of Évora. Figure 1 thus 
shows all Portugal, the NUT III Alentejo Central (in red), 
the location of the UE, and the location of the Alentejo 
(which is composed by the Alentejo Central and the 4 
NUTs III (out of the 5) surrounding the Alentejo Central 
with largest areas. 

 

 

Figure 1. The four territories of diffusion 
 

As pointed out by some authors, one fruitful source of 
knowledge diffusion is the mobility in the job market 
(see [18]). In order to consider this issue, we take the 
results of a recent enquire to the graduates of the Univer-
sity of Évora as representative. In what concerns the job 
market, the responses to the question: “Where did you 
get your first job” vs. “Where are you working nowa-
days?” can be consulted in Table 1. 

From Table 1 it can easily be inferred the importance 
of Évora as an attraction pole, despite being also evident 
that many graduates do indeed take their knowledge with 
them to other parts of the country. 

As some authors recognise, the diffusion of knowledge 
can be measured by the analysis of the migration be-
tween jobs, which, being a dynamic process, can be ana-
lysed from a Markov chain point of view.3 Following this 
approach, the transition matrix corresponding to the data 
is given in Table 2.4 

Under the usual hypothesis, the stationary distribution 
of the dynamic process is given by {Évora = 15%; Alen- 
tejo Central = 5%; Alentejo = 13%; Portugal = 67%}.5 
Plainly, these figures have to be made proportional to the 
area of the four territories of diffusion, in order to accu-
rately point out the importance of the diffusion of 
knowledge due to the University of Évora via its gradu-
ates. The values obtained after dividing those values by 
the areas (measured in Km2) of their corresponding terri-
tories are represented in Figure 2, this being constructed 
in order to include the territory with less area in the one 
with the area immediately above, i.e. obviously, Évora in 
the Alentejo Central, the Alentejo Central in the Alentejo 
and the Alentejo in Portugal. 

Being understood as a rainbow (cold/hot) plot, Figure 
2 clearly point out the importance of the diffusion of 
knowledge particularly in Évora and in the rest of Portu-
gal, that can be associated to the graduates of the Univer-
sity of Évora, being also observable that the (rest of the) 
Alentejo is the territory where that importance is less 
evident. 

 
Table 1. The dynamics between jobs 

Évora Alentejo Central Alentejo Portugal

Évora 201 12 23 66

Alentejo Central 21 74 16 30

Alentejo 14 11 169 53

Portugal 33 12 22 581

Current job

First jo
b

 
3[19] also use a Markov chain approach in order to analyse the role of 
knowledge in the sequential processes of negotiation. 
4As the values in the transition matrix are obtained dividing each of 
values in Table 1 by the sum of each row, each row in Table 1 adds to 
one. 
5This stationary distribution corresponds to the percentages that in the 
long-run, each of the (four territories in the case) would benefit from 
the spatial diffusion of knowledge. As such those values can be seen as 
the steady-state solution of the dynamic process, which is supposed to 
be ruled by the transition matrix. 

 
Table 2. The transition matrix 

Évora Alentejo Central Alentejo Portugal

Évora 0,666 0,040 0,076 0,219

Alentejo Central 0,149 0,525 0,113 0,213

Alentejo 0,057 0,045 0,684 0,215

Portugal 0,051 0,019 0,034 0,897

Current job

First jo
b

 

Copyright © 2010 SciRes.                                                                                    iB 



On the Spatial Diffusion of Knowledge by Universities Located in Small and Medium Sized Towns 104 
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Alentejo Central
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Portugal
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Legend

 

Figure 2. The spatial diffusion of knowledge by the Univer-
sity of Évora 
 
4. Conclusions 

The HEIs can contribute to improving and to consolidat-
ing the regional knowledge capacity, through mecha-
nisms in the area of education and research. The coher-
ence of regional knowledge creation and diffusion sys-
tem will become more robust through a rigorous selec-
tion of courses and curricula adapted to regional techno-
logical needs, and by supporting the development of a 
culture using local techniques (accumulation of codified 
knowledge), i.e., more adapted to the local and regional 
labour market characteristics. From this point of view, 
the dynamics of local enterprises are crucial, particularly 
through the employment promotion and retaining the 
graduates. 

Also, the processes of creation, acquisition, adaptation 
and diffusion of new knowledge developed in the univer-
sities, can consolidate the relationship capacity of the 
region where they are inserted, developing projects that 
involve the sharing of co-operation between companies. 
This can contribute to diminishing the distance between 
science, technology and the society, between pure and 
applied research and between the discovery of new tech-
nologies and the development of products and viable 
processes of production (facilitating the accumulation of 
tacit knowledge). 

In empirical terms, the main conclusion is the Univer-
sity of Évora is an important sources of knowledge diffu-
sion in terms of the small/medium sized town where it is 
located (i.e. Évora), despite not being ignorable the im-
portance in terms of the rest of the country. From this 
point of view, the importance of the University of Évora, 
in terms of spatial diffusion of knowledge, is to be added 
to the economic impact of this university as measured in 
[20].6 As a matter of fact, when adding up also the diffu-
sion of knowledge that is certainly due to the scientific 
activity of the academic staff of the University of Évora, 

the importance of this HEI is obviously closer to its real 
figure. 

As directions for further research we would like to 
study an issue that despite being apparently/intuitively 
important could not be studied due to lack of information 
in the enquiry (which may require the application of an-
other enquiry). As a matter of fact, in order to better un-
derstand the regional effects of the University of Évora, 
it seems crucial to know if graduates, during their study 
period, had some contact with enterprises operating in 
the region of Évora and/or in the region of actual resi-
dence, thus favouring the admission of students to busi-
ness jobs after their graduation degrees. 
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ABSTRACT 

This paper focuses on the design of management reports. Based on theoretical considerations concerning the personal 
information demand, hypotheses were developed and tested in a field study in German major enterprises. The findings 
from the field study show a high diversity of monthly reports to the top management. Furthermore it is shown how de-
sign improvements for these reports can be derived from the personal information demand of the recipients. The paper 
will also discuss deficits of the reporting system during the study. 
 
Keywords: Recipients of Reports, Design of Reports, Field Study, Provision of Information, Monthly Report 

1. Introduction 

Providing management with information is one of the 
key tasks of management accounting (controlling). Nu-
merous approaches to define management accounting do 
focus on the supply of information as the core task of 
management accounting [1-5], and empirical studies do 
confirm that substantial resources of management ac-
counting are required for this key focus [6,7]. 

Within the framework of the information supply, the 
internal corporate reporting system plays an outstanding 
role [8-11]. Information collected and processed by cor-
porate information systems are usually passed on to man- 
agement in the form of reports, with the corporate info- 
rmation system comprising the preparation and transmis-
sion of information in the form of reports to employees, 
primarily to the leaders of an enterprise [12]. The corpo-
rate information system essentially supports the busi-
ness-related decision-making processes [8]. 

As a consequence, shortcomings in terms of the conce- 
ption of the information supply frequently only become 
apparent at the reporting stage, and moreover, successful 
results achieved within an otherwise well designed infor- 
mation supply are still susceptible to threat at this point. 
Reporting, to be understood as the entirety of reports dir- 
ected to internal addressees of a corporation, may thus be 
viewed as the point of crystallization of information supply. 

The science of business economics puts numerous de- 
mands on the design of reports. As a rule, the core idea 
behind these demands is to provide the recipients of re-
ports the information they need to facilitate decision ma- 

king [13]. So far only few studies have investigated the 
extent to which these demands are actually implemented 
in corporate practice. Göpfert [8] thus sees the need for 
research on the reporting sector. Moreover, up to now 
only few studies exist which investigate the structure of 
reporting [14]. 

Therefore, on one hand, this paper aims at illustrating 
the current status of the (monthly) reporting system in 
selected large German corporations, with the focus of the 
field study being the monthly report sent to the members 
of the board by corporate management accounting. All 
heads of corporate management accounting of the com- 
panies investigated agreed to rate the monthly report as 
one of the five most essential “products” of their respec-
tive departments. On the other hand, proceeding from 
this stocktaking, theory-based evaluations of the practice 
of the design of monthly reports are to be carried out 
from which suggestions for improvement will be derived. 

The paper is structured as follows: The following sec-
tion starts by developing the conceptional basis of the 
examination. First, the need for information is identified 
as the theoretical starting point for the design of the info- 
rmation supply and the reporting system. Based on con-
ceptional considerations, hypotheses are derived which 
were empirically plausibilized within the framework of 
the field study. Afterwards the principal options for the 
design of the reporting system are shown. In the third 
section, the results of the empirical study are illustrated 
by first describing the further details of the methodology 
used for the study, followed by the presentation of the 
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results of the field study in two steps: The reports exam-
ined are described by means of the design aspects as de-
scribed in the second paragraph. In a second step, the 
procedure used for the evaluation of the reports and the 
assessment of possible options for improvement is de-
scribed. Since the study is focused on only seven corpo-
rations, the empirical results can therefore not be claimed 
to be representative. Nevertheless, in our opinion, they 
are a valuable theory-based contribution beyond mere 
exploration, supporting the empirical plausibilization of 
theoretical considerations based on the reporting practice 
applied in large German corporations. Since the sugges-
tions for improvement are basically corporate-specific, 
the relevant statements concentrate on the commonalities 
found in all corporations. In winding up, the fourth sec-
tion summarizes the most important results in a resume. 

2. Development of a Conceptional Frame of 
Reference 

2.1 The Need for Information as the Starting 
Point for the Design of the Reporting System 

The need for information by the addressee of the report 
represents the theoretical starting point for the demand of 
an information supply and its design. The need for in-
formation can be generally defined as the “sum of infor-
mation required for the fulfillment of an informational 
interest” [15]. The goal of the information supply is to 
satisfy this need for information in the best possible way. 

For the concretization of the information need it would 
be suitable to distinguish between an objective and a 
subjective need for information [16].The objective need 
for information results from the tasks fulfilled by the 
recipients of the information. In the event that the re-
cipients of the information are primarily assigned routine 
tasks, there is only relatively little objective need for 
(new) information. However, for the accomplishment of 
tasks where problem-solving or decision-making skills 
are of central importance, the objective need for informa-
tion often strongly increases. Thus – depending on the 
task to be accomplished – information such as details of 
the market environment, decisions taken in other parts of 
the corporation or available capacities is needed [5]. The 
more comprehensive the tasks to be fulfilled, and the 
more freedom is allowed for their accomplishment, the 
more difficult it is to directly define the required need for 
information by the mere formulation of the task. 

While the objective need for information is solely de-
rived from the formulation of a task, thus being defined 
independently by the individual person, i.e. the recipient 
of the information, the subjective need for information 
also considers the individual capabilities and the attitude- 
es of the recipients of the information [13,17]. The abili-
ties of an information recipient may primarily be concre-
tized in view of his or her (professional) experience and 

his or her cognitive abilities. It must be assumed that the 
information recipients are limited as far as their process-
ing capacities are concerned, however are capable to ex-
tend these capacities because of their experience [18,19]. 
The attitudes of an information recipient do affect his or 
her opinions and perceptions as to which information he 
or she wishes to obtain or requires to accomplish the task. 
There are certain factors that play a role for the subjec-
tive information need, such as the risk-taking characteris-
tics of an information recipient and the question if he or 
she is more number-oriented or rather averse to numbers. 
The kind of how information is taken in by someone also 
has an effect on the subjective need for information. 

The following sections are intended to examine if and 
to which extent the design of the reporting system should 
be primarily oriented towards one of these two compo-
nents of information need. Two aspects are to be taken 
into consideration which will both be described below: 
First, the degree to which the respective need for infor-
mation can be assessed and second, the interaction be-
tween controllers and managers regarding the design of 
the reporting system. 

As far as the methods used to assess the need for in-
formation, a distinction is made between the deductive 
and the inductive assessment [20]. Within the framework 
of the deductive assessment of an information need, ei-
ther logical analyses of the task or problem are used to 
determine who the recipients of the information are, or 
model analyses are used to assess the objective inform- 
ation need of the information recipients. As already men-
tioned, in practice, the assessment of the objective in-
formation need is especially difficult in such cases where 
the formulation of a task is characterized by high com-
plexity and where considerable freedom is allowed to 
accomplish the task. However, this is exactly what espe-
cially applies to the relevant tasks to be accomplished by 
the members of a corporate board. Also to be taken into 
consideration are the theoretical arguments which have 
already been outlined, i.e. that both the abilities and the 
wishes or requests of the recipients are different regard-
ing the design of a report. If the wishes expressed by the 
recipients of the reports are interpreted as their individual 
preferences, individual aspects regarding the design of 
reports must by no means be neglected, according to the 
principle of the economic theory: “De gustibus non est 
disputandum”. 

This theory favors an inductive approach to assessing 
the information need, with the goal to identify the sub-
jective information need based on the information dem- 
and by the recipients of the information. Thus, the situa-
tion-dependent settings are automatically considered in 
view of both the available sources of information and the 
information behavior of the recipients of the information. 
First conclusions on the subjective information need may 
be drawn on the basis of an analysis of the existing 
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documents and information systems within a corporation. 
Another option is to observe the information behavior of 
the recipients of the information as well as to interview 
them. Interviews are the most direct option to assess the 
subjective information need. Since, as a rule, it must be 
assumed that managers themselves have the best over-
view of their tasks, problems and decision-making situa-
tions, the two last mentioned approaches are especially 
suitable to assess the information need of the manage-
ment. In view of the difficulties of a deductive assess-
ment of the objective information need of managers it 
must be assumed that such an inductive approach also 
represents a good basis for the assessment of the objec-
tive information need. Thus, a detailed survey of the in-
formation need should be based on the observation of the 
behavior (regarding the information demand) of the re-
cipients of reports, as well as on interviews with the re-
cipients. 

A consequent orientation of the information supply 
towards the subjective demands of the recipients of the 
information will affect the interaction of controllers (as 
the suppliers of information) and managers (as the reci- 
pients of information). If management accounting is as-
signed the task to provide adequate information to the 
management, it is very obvious to interpret management, 
as the recipient of the service “information supply”, also 
as an (internal corporate) client of management account-
ing. Existing empirical studies investigating the customer 
orientation of cost calculators however give reason to 
assume that the idea of an internal customer orientation 
has often not yet been internalized by management ac-
counting, while information supply is strongly app- 
roached through the information offer in the form of 
technical information systems [21,22]. 

In spite of the high significance which, for concep-
tional reasons, has been acknowledged to the subjective 
assessment of the quality of monthly reports by the re-
cipients , it must be mentioned that this view does not 
exclude the fact that, within the framework of the report-
ing system, controllers should also have the right to make 
suggestions or to express disagreement. Such positioning 
of management accounting in the sense of a critical 
counterpart [23] becomes especially necessary if the in-
formation demand evidently differs from the objective 
information need. On one hand, such right to express 
disagreement requires the manager’s confidence in the 
competence of the controller. On the other hand, the ful-
fillment of the counterpart function within the reporting 
system requires detailed knowledge as to how and for 
what purpose managers use the supplied information. 
Such knowledge may be particularly won by a successful 
interaction between the controllers as the suppliers of 
reports and the managers as the recipients of reports. 
Through frequent exchange and attentive observation, 
controllers can learn to estimate the subjective and objec-

tive information need of the managers and counteract 
possible discrepancies. It also allows them to gain clues 
as to whether management may need other information, 
or if support is needed for the interpretation of the report 
information, or if the information supplied is perhaps not 
used for the intended purposes. 

Based on the above conceptional considerations on the 
design of the reporting system, hypotheses are derived 
which underwent an empirical verification within the 
framework of the field study. 

The first assumption is that the monthly reports in the 
examined companies are clearly different as far as their 
design is concerned since it must be expected that the 
recipients’ information need relevant for the design of 
the report will also greatly differ. Since the examined co- 
mpanies are active in different industrial sectors, pursue 
different business models and are also different as far as 
their internal organization is concerned, it must be ex-
pected that the objective information need of the man-
agement of these companies will differ from each other. 
Moreover the corporate management will probably show 
different abilities and attitudes which entail the assump-
tion that the subjective information need will also be dif-
ferent. There are also other reasons, like the path de-
pendence [24] regarding the design of information and 
report systems, leading to expect differences in the de-
sign of reports. Hence, the first hypothesis is that: 

H1: The monthly reports in the examined companies 
do greatly differ in their design. 

Second, it was derived that the design of the reports 
should primarily be oriented towards the subjective in-
formation need of the recipients of reports. Based on 
existing studies, it must be assumed that controllers 
strongly neglect the orientation towards the needs of their 
internal clients. These considerations are summarized as 
follows in the second hypothesis: 

H2: The product “monthly report” which has to be 
established by management accounting does not suffici- 
ently consider the needs of managers as internal clients. 

In order to empirically verify the second hypothesis, 
the managers of the examined companies collected client 
requirements and client satisfaction data regarding the 
monthly reports they had received from management 
accounting. On one hand, this method allowed to verify 
if and to what extent the current monthly reports are ori-
ented towards the needs and wishes of the recipients, and 
thus, towards their subjective information need. On the 
other hand, the results of this survey could be used to 
identify potentials for improvement in view of the re-
porting system of the examined companies. Common 
potentials for improvement found in all corporations also 
give a hint to typical deficits of the reporting system. 

The basis for the verification of the first hypothesis 
was a comparison of the monthly reports in the various 
companies. The reports were examined in view of the 
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design characteristics available for the design of the re-
ports. The following section explains the design options 
that are available for the reporting system. 

2.2 Design Options of the Reporting System 

A report – and thus, a monthly report, too – can be de-
scribed by the following design options [20]: Of great 
significance in view of the fulfillment of the information 
requirements, is (a) the purpose of the report. Personal 
design options refer to (b) the author of the report and (c) 
the recipient of the report. The time factor of the report is 
characterized by (d) the reporting date. Moreover, reports 
can be distinguished by different (e) types of reports. 
Finally, (f) the content and (g) the form offer the corre-
sponding design options. 

Ad (a): The purpose of the report is an essential aspect 
for the design of reports. There are five different pur-
poses for a report: The superordinate purpose, especially 
for standard reports, is to inform the recipients of the 
report in the sense of a supply with “basic knowle- dge” 
of the business development. In more detail, this purpose 
of a report can be fulfilled by providing reports serving 
as brief information (“An overview of the essential key 
performance indicators”), and/or as a refere- nce guide. 
A second essential purpose of a report is planning, where 
the information of a report is used to prepare decisions. 
Moreover, reports are frequently used for control pur-
poses. Another purpose of a report is steering. The 
transmission of information leads to counter measures. 
The documentation purpose of a report basically follows 
the regulations of the external accounting and the Law on 
Monitoring and Transparency in Businesses (German: 
KonTraG). These regulations define certain types of in-
formation which have to be reported to the management 
[20]. 

Ad (b): Another design dimension of the reporting sys- 
tem is the author of the report (synonym: report bearer). 
The reporting system and, within this system, in particu-
lar the monthly report, is one of the core tasks or core 
products of management accountants (controllers). In 
corporate practice, controllers usually are the primary 
authors of reports [20]. 

Ad (c): The recipients of reports are the addressees. 
Since the definition of the reporting system used in this 
paper comprises the internal corporate transmission of 
information, the circle of the recipients is restricted to the 
managers of the company. Monthly reports are of par-
ticular relevance if they are presented to top management. 
Management takes decisions that have a particular effect 
on the success of a corporation. Apart from managers, 
other groups of employees, such as division managers are 
possible addressees of monthly reports [20]. 

Ad (d): The reporting date of a report is the 
time-related design aspect of reports, which for instance 
means the frequency of reports. The reporting date also 

includes the date of issue after the occurrence of a certain 
event. 

Ad (e): If a reporting system is very sophisticated, 
various types of reports may be employed. Reports may 
be classified as standard reports, deviation reports and 
reports on demand. Standard reports are common use in 
corporate practice. They are written in regular intervals, 
at a certain point of time, for a certain circle of address-
ees and with a largely standardized content. Deviation 
reports do not follow any predetermined report cycle, 
instead they are triggered as soon as certain values either 
exceed or fall below a given threshold. Reports on de-
mand required by the recipients in certain cases are the 
third type of reports [20]. 

Ad (f): The design of the content of a report may be 
further broken down into the features structure, objective 
of the information, type of information and related sub-
ject of the information. The structure of a report refers to 
its breakdown and the organizational units focused in the 
report. The facts captured in a report are - quite generally 
- called the objective of an information [23], including 
for instance, the decision taken due to the key perform-
ance indicators (KPIs) supplied in a report. By means of 
the dimensions of the Balanced Scorecard, these key 
performance indicators can be classified as finance, pro- 
cess, market/customer, employee and innovation KPIs 
[25]. Along with this classification, it is also possible to 
separate the KPIs into monetary (financial KPIs) and 
non-monetary (concerning all other categories of the 
Balanced Scorecard) KPIs. The type of information is 
intended to describe the character of the statements made 
on the objectives of the information. Possible types of 
statements include for instance fact-oriented, forecast- 
oriented, explanatory or normative statements [23]. The 
explanatory power of information depend its subject re-
latedness. Only if data are related to each other, i.e. 
qualified, deviations can be deduced which can be anal- 
yzed and then deliver findings which are relevant in ter- 
ms of steering and management accounting. In this con-
text, the subject-relatedness of information is to be un-
derstood as those values that compared to the actual val-
ues. Typical reference values to be considered are past or 
forecast values. 

Ad (g): The form of a report refers to aspects regarding 
the formal layout of a report. It can be broken down to 
design features that include the length or volume, the 
appearance and the presentation form. While the volume 
or length of a report simply refers to the number of pages 
of a report, the appearance means the number density, i.e. 
the number of figures per page, as well as the use of col-
ors. For the presentation of the reported information ta-
bles, diagrams and comments can be used. Tables are an 
option to present a larger volume of data and are thus 
especially suitable for data rows and developments. Dia-
grams on the other hand allow an intuitive comprehen-
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sion of the presented facts. It is important that the chosen 
type of diagram (e.g. columns, line charts, pie charts, or 
waterfall diagrams) best possible reflect the related facts. 
Additionally it may be useful to verbally formulate es-
sential qualitative facts and findings and to add them as a 
comment [23]. 

3. Empirical Study 

Based on conceptional considerations and the established 
hypotheses, the results of the empirical studies will be pr- 
esented in this section. First, aspects regarding the meth-
odology of the study will be described in further detail. 
Afterwards, the results of field study will be presented in 
two steps: First, the differences regarding the design of 
the monthly reports, which is the subject of hypothesis 1, 
will be examined. In a second step, the quality of the 
examined reports will be presented from the point of 
view of the recipients, and potentials for improving the 
reports will be shown (Hypothesis 2). 

3.1 Methodology of Examination and Approach 

The field study [26] presented in this paper was carried 
out in 2004. It examines the monthly report system of 
seven leading German enterprises which are active in 
different industrial sectors. The study is intended to facil- 
itate the identification of the characteristics of the mont- 
hly reporting that are common in all companies. A com-
monality of all companies is their leading position in 
their respective market - all companies hold European 
and worldwide top positions. 

An essential component of the study was the detailed 
comparison of the monthly reports supplied to the cor-
porate management by management accounting. Due to 
the amount and high sensitivity of the information to be 
examined it was necessary to limit the scope of the sam-
ple inspection to these reports. Since the information 
contained in the reports is subject to confidentiality, the 
companies taking part in the study provided us reports 
from which one could read the type of information and 
the layout; however which did not contain any data. 

In addition to the analysis of the documents, 22 per- 
sonal interviews were held during the field study with 
both authors and recipients of reports of the companies 
involved. As authors of reports, management accountants 
(controllers) of the central management accounting de-
partment were interviewed. In order to gain the opinion 
of recipients, interviews with top managers of the corpo-
rate headquarters were held. Moreover, standardized que- 
stionnaires, which had been verified in pre-tests, were 
used in order to gain assessments regarding the monthly 
report of both the authors and the recipients on a broader 
basis. 

3.2 Design of the Monthly Reports 

Hypothesis 1 implies that, due to different requirements, 

monthly reports highly differ in their design. The follow- 
ing statements support this hypothesis in most parts. 
Since the study is focused on the examination of the 
monthly reports corporate management accounting sup-
plies to the top management, the design aspects author 
and recipient, reporting cycle and type of report are 
similar in all examined reports. Nevertheless are there 
significant differences as to the purpose, form and con-
tent of the reports. 

As far as the intended purpose of the report is con-
cerned, it must be pointed out that in all companies, in-
formation is the superordinate purpose that prevails. This 
purpose of the report is however put into practice in dif-
ferent ways: In one of the companies of the study, the 
monthly report is mainly used as a reference guide, while 
the other companies primarily use it as a short overview 
of the current business development. 

The form of the report, i.e. the volume of the reports as 
well as their design and presentation, highly differs. Re-
garding the determination of the volume or length of a 
report there seems to be a conflict between comprehen- 
sively informing the management and focusing the atten-
tion of the management on the key facts. This conflict is 
also mirrored in the analyzed reports (Figure 1). The 
volume of the reports ranges between 5 and 295 pages. 
Companies with a short monthly report in particular use 
this report primarily as a brief information (Point 4.0 on a 
total scale of 7). The company with the longest report by 
far, uses the report as both a reference guide and as a 
short overview of the current business development. 

The components examined as the design features of 
the reports included the number density and the color 
design. The number density of the examined reports var-
ies between 43 and 300 numbers per page. It is also no-
ticeable that the number density is not proportional to the 
volume of the report. While the shortest report also 
shows the lowest number density, the second shortest 
report reaches the highest number density (with an aver-
age of over 300 numbers per page). The use of colors  
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Figure 1. Purpose of the report and number of pages 
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shows an incoherent picture. While three companies do 
without any color design, four companies make use of 
this option to make their reports visually appealing. 

As expected, the financial key performance indicatiors 
(KPIs) prevail in all monthly reports as far as the objec-
tive of the examined information is concerned. With 54% 
to 100%, their proportional range is relatively high. The 
analysis of the reports resulted in the following illustra-
tion showed in Figure 4. 

The last formal design feature to be mentioned is the 
form of presentation. As can be seen in Figure 2, the use 
of the available presentation forms – tables, diagrams and 
comments – strongly varies. The analysis of the seven 
reports shows that a larger proportion of diagrams and 
comments are corresponding with a larger report volume. 

The illustration demonstrates that financial KPIs do 
prevail in all corporations. However, the extent to which 
financial KPIs are prioritized does vary. While company 
G does completely without the report of non-financial 
KPIs, such figures account for almost half of the reported 
KPIs in company F. Among the non-financial KPIs, 
process KPIs often plays a prominent role. 

In summing up, the reports examined in the field study 
can be clustered in three groups according to their vol-
ume and presentation form – the comprehensive type, the 
short type and the well-structured type (Figure 3). Four 
out of the seven examined companies have developed 
well-structured monthly reports. Two companies write 
short reports. One monthly report may be characterized 
as comprehensive. 
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The design of the content of a report is subsumed un-
der the features structure, objective of the information, 
type of information and related subject of the information. 
As far as the structure is concerned it must be emphasi- 
zed that the structure of all reports corresponds to cor- 
porate structure. They start with an overview of the cor-
poration before providing further details on the individ-
ual divisions. Four out of seven reports do have a table of 
contents. In addition to an organization-oriented structure, 
one company also reports according to geographical re-
gions. A view on the organizational units focused in the 
reports shows that the proportion of information explor-
ing the corporate level, the sub-group level and the pro- 
duct and sales level respectively do vary considerably. 
While one company uses 92% of the report content for 
data coming from decentralized corporate divisions, an-
other company only uses 20% for such data. Figure 2. Presentation form of the reports 
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Figure 4. Information objectives of the reports 

 
The type of information was understood as the charac-

ter of the statements made in the reports, i.e. if these 
statements tend to be fact-related, forecast-related, expla- 
natory or normative. Fact-related in the sense of above 
said are all actual values represented in the reports. Fore- 
cast-related information can be found in the form of 
planning (budget) values and projections (forecasts). Pla- 
nning values in the sense of target values may be also be 
understood as normative information. Comments frequ- 
ently contain explanatory information. Depending on the 
design and structure of the content, they may also have a 
fact-related or normative character. Since fully written- 
out comments were not available for the analysis, it is not 
possible to make any statements as to the proportion of 
the respective type of information in the reports. 

The last content-related design feature to be described 
is the information relatedness of the examined reports. 
The information relatedness largely depends on the in-
tended purpose of the report. The purpose of information 
in a report correlates with the dominance of actual values. 
However it is also possible to use projections for infor-
mation purposes if they contain information about the 
current expectations. Projections can also be used for 
planning purposes, such as the determination of produc-
tion capacities. The steering purpose of a report can be 
fulfilled by providing the most recent forecast values. For 
control purposes, parameters are needed in the form of 
planning values to compare them with the actual values. 
In all examined reports the actual values were compared 
with the corresponding values of the previous year. With 
the exception of one company, all companies continu-
ously include planning values in their reports. Projections 

were found in only four out of the seven companies. 
As a resume, it can be said that the analyzed reports 

show a great variance in terms of the relevant design 
features of the study. Hypothesis 1 may thus be affirmed 
by the empirical observations. 

3.3 Evaluation of the Monthly Reports 

In Subsection 2.1, it was formulated in hypothesis two 
that the monthly report as a “product” is not sufficiently 
oriented towards the needs of the managers, thus, as a 
consequence, not sufficiently satisfying the information 
need of the recipients. Above said must be verified by the 
evaluations of the interviews with the authors of the re-
ports (controllers) and their clients (managers). 

In the interviews held with the managers as the recipi-
ents of the reports they were also asked questions re-
garding their pattern of use, apart from questions con-
cerning their information need. Additionally, a question-
naire with the same content was filled out by the authors 
of the reports who had been asked to assess the informa-
tion need and behavior of the managers. This method 
allows a comparison of the statements made by the re-
cipients with the assessment of the authors of the reports. 
Thus, it can be verified if or to what extent the authors of 
the reports are aware of the fact that their reports may 
possibly deviate from the ideal report design which 
should be oriented towards the subjective information 
need of the recipients; and if such deviations are accepted, 
for instance for financial reasons. Major deviations in the 
assessments also lead to the assumption that there is an 
increased need for communication between the recipients 

Copyright © 2010 SciRes.                                                                                    iB 



Theory and Practice of the Design of Monthly Reports 113 

and the authors. 
In marketing, the assessments of the importance of and 

the satisfaction with certain product features are compa- 
red in a so-called importance-satisfaction matrix, a wid- 
ely used marketing instrument [27]. As a rule, the im-
portance of a product feature is mapped on the horizontal 
axis and the corresponding value of satisfaction is map- 
ped on the vertical axis. Starting from the hypothesis that 
the most essential quality features of a product also sho- 
uld be fulfilled to the best satisfaction of the customer, it 
follows that ideally, all points marked in the importance/ 
satisfaction matrix should be on or above the angle bi-
sector starting from the origin of the coordinate system. 
Any criteria above the angle bisector may therefore be 
considered uncritical. In view of their importance, the 
satisfaction with these features is sufficient. The opposite 
applies for products below the angle bisector. The satis-
faction reached is not sufficient considering the impor-
tance of the feature. The greater the distance of a point 
from the angle bisector, the more critical this aspect is 
evaluated by the recipient and the more urgent measures 
should be taken to improve the situation. The impor-
tance-satisfaction matrix is therefore an instrument to 
identify and visualize the fulfillment of the subjective 
information need of the recipients. The visualization of-
fers starting points for the improvement of certain report 
features. 

In the field study, the evaluations of the recipients re-
garding various content-related and formal design fea-
tures of the monthly reports were inquired based on a 
scale ranging from 1 (very low) to 7 (very high) and then 
written into an importance/satisfaction matrix. Figure 5 
shows the importance/satisfaction matrix for company B 

as an example. 
From the illustration follows that the managers of 

company B receiving the reports are primarily dissatis-
fied with the key figures presented in the monthly report. 
They assess the importance of comments as very high; 
their practical implementation however does not meet 
their expectations. The volume of the monthly report as 
well as the replies to questions are however adequate 
from the point of view of the recipients. The graphic de-
sign as a quality feature is even over-fulfilled (as related 
to its importance). 

Based on this exemplary approach shown for company 
B, specific deviations between the actual design of the 
reports and ideal design derived from the subjective in-
formation need of the recipients could be found in each 
of the companies - a fact indicating potential for im-
provement. For instance do the monthly reports of com-
panies C and F do not meet the needs of the managers, 
especially as far as their structural overview is concerned. 
Company D has complaints concerning both the content 
and the kind of data reported. Moreover, the members of 
the board of this company explicitly criticize that the 
reports as designed by the management accounting de-
partment, do only insufficiently consider their require-
ments. Moreover, the parallel interviews held with ques-
tionnaires given to the authors of the reports makes it 
clear that their assessment of the information need of the 
recipients is distinctly different from the assessment of 
the recipients themselves. The potentials for improve-
ment deviated from the interviews with the recipients 
were largely unknown to the authors of the report, in-
stead, the authors saw other potentials for improvement 
than the recipients. 
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Figure 5. Importance/satisfaction matrix in relation to the monthly report of company B 
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Beyond the merely corporate-specific potentials for 

improvement some design aspects could be identified for 
which there is a need for improvement in all or at least 
most of the examined companies. This implies typical 
problems regarding the reporting systems in the exam-
ined companies. In all examined companies, the assess-
ment of the annotation was “in the red” of the impor-
tance/satisfaction matrix. Further results from the ques-
tionnaires and the interviews indicate that on one hand, 
an increase of the proportion of comments is requested. 
On the other hand, the quality of the content of the com-
ment needs to be improved, too. A first starting point for 
such improvement would be a more systematic use of 
comments; i.e. they should only be used for extraordi-
nary facts or situations which are also of major economic 
relevance. 

The features concerning the volume and graphic de-
sign, which were particularly positively evaluated in 
company B, also reached high satisfaction values in all 
other companies considering the importance attached to 
them. In spite of the broad diversification of the volume 
ranging from 5 to 295 pages, the volume seems to be 
well adjusted to the subjective need of the recipients. 
Also, the graphic design apparently is not an issue re-
garding the question if there should be a fixed portion of 
graphics, since this varies between 0 and 42%. The au-
thors of the reports seem to have developed a good feel-
ing for the needs of the recipients. 

In winding up, it can be said that the examination of 
the subjective information need and in particular, the 
application of the importance/satisfaction matrix as a 
marketing instrument helped reveal potentials for im-
provement for the individual monthly reports that were 
examined within the framework of this field study. The 
results supports the assumption formulated in hypothesis 
two, i.e. that the product “Monthly Report” established 
by management accounting does not yet sufficiently con-
sider the needs of managers as internal clients. 

4. Conclusions 

The existing field study provides an overview of the cur-
rent situation of the internal monthly reporting to the 
management of some selected large German companies. 
The field study examined the monthly reports of seven 
companies. Additionally, interviews were held in these 
seven companies. Due to the limited scope of sample 
inspections no universally valid statements can be made 
based on these data. Nevertheless, in our opinion, the 
existing study bears a large heuristic potential which 
should be verified in future large-number studies. How-
ever, this approach is probably not easy to put into prac-
tice, due to the sensibility and complexity. 

The field study could show that the monthly reports in 
the various companies do have different designs. Possi-
ble reasons for this variability in the design could be the 

orientation of the report design towards the situation- 
dependent environment, but also other factors, like a his-
torical path-dependence of the design. 

However, a consequent and systematic orientation of 
the report design towards the different information needs 
of the recipients does apparently not exist. Within the 
framework of the field study, the analysis of the subjec-
tive information need of the recipients showed that the 
current design of the monthly reports deviates from the 
ideal design which can be derived from the subjective 
information need. It was thus possible to show corporate- 
specific potentials for improvement for all companies 
examined in the field study. 

Moreover, some potential for improvement applying to 
all companies could be ascertained for the reporting sys-
tem. The current state of annotations and comments is 
particularly criticized in all examined companies. There 
are various reasons that may cause difficulties for con-
trollers writing comments. It may be that controllers are 
more familiar with quantitative information in the form 
of numbers, thus having problems with a verbal presen-
tation of qualitative information. Moreover, the inter-
views held during the field studies also revealed that both 
time pressure and a lack of insight into the operative 
business to be commented make it difficult to write clear 
annotations or comments. 

As a resume, it can be said that the results of the stud-
ies show that the orientation of the design of manage-
ment reports towards the subjective information need of 
the recipient seems to be a promising approach to reveal 
potentials for improvement within the reporting system. 
By means of this approach which has been derived from 
this theoretical basis it was possible to show that man-
agement reports are not well-adjusted to the requirements 
and needs of their recipients, and moreover, that this ap-
proach helps gaining specific clues as to how to improve 
the design of a report. Also, the interviews held with both 
the authors and recipients of such report made it clear 
that the conception of management reports is frequently 
characterized by a “trial and error” process. A systematic 
communication between the authors and users concern-
ing the structure of the reports hardly takes place. Above 
said supports the findings that this would be a starting 
point for an improved structural design of management 
reports. 

REFERENCES 
[1] F. Hoffmann, “Merkmale der Führungsorganisation 

Amerikanischer Unternehmen,” Zeitschrift für Führung 
und Organisation, Vol. 41, No. 3, 1972. pp. 3-8, 85-89, 
145-148. 

[2] A. Heigl, “Controlling - Interne Revision,” The Univer- 
sity of Texas at Brownsville, Brownsville, 1989. 

[3] B. Huch, “Informationssysteme im Operativen Control- 
ling – Rechnungswesen und Berichtswesen,” Kostenre- 

Copyright © 2010 SciRes.                                                                                    iB 



Theory and Practice of the Design of Monthly Reports 115 

chnungsp Raxis, Vol. 28, No. 5, 1984, pp. 103-109. 
[4] S. Neuhäuser-Metternich and F.-J. Witt, “Kommuni- 

kation und Berichtswesen,” Beck Juristischer Verlag, 
München, 2000. 

[5] T. Reichmann, “Controlling mit Kennzahlen und Manag- 
ementberichten: Grundlagen Einer Systemgestützten Con- 
trolling Konzeption,” Vahlen Verlag, Vahlen, 2001. 

[6] Amshoff, “Controlling in Deutschen Unternehmungen: 
Realtypen, Kontext und Effizienz,” Gabler, Wiesbaden, 
1993. 

[7] J. Weber, U. David and C. Prenzler, “Controller Excelle- 
nce,” Wearable Hemo-Ultrafiltratiin, Otto Beisheim, 2001. 

[8] I. Göpfert, “Berichtswesen,” In: H.-U. Küpper and A. 
Wagenhofer, Handwörterbuch Unternehmensrechnung 
und Controlling, 4th Edition, SchäfferPoeschel, 2002, pp. 
143-155. 

[9] E. Scheffler, “Das Konzerninterne Berichtswesen als 
Grun- dlage für ein Effizientes Konzern-Controlling,” In: 
K. Küting and C.-P. Weber, Konzernmanagement: 
Rechnung - Swesen und Controlling, SchäfferPoeschel, 
1993, pp. 303-317. 

[10] M. Haberstroh and W. Papperitz, “Berichtswesen: Schne- 
lligkeit als Wesentliche Anforderung des Controlling,” 
Controlling, Vol. 4, 1992, pp. 12-19. 

[11] G. Steinbichler, “Das Berichtswesen im Internationalen 
Unternehmen: Gestaltungsmöglichkeiten für das Contro- 
lling,” Controlling, Vol. 2, No. 2, 1990, pp. 144-147. 

[12] H.-U. Küpper and J. Weber, “Taschenlexikon Controll- 
ing,” SchäfferPoeschel, Stuttgart, 2001. 

[13] R. Koch, “Betriebliches Berichtswesen als Informations- 
und Steuerungsinstrument,” Peter Lang, Wolfert, 1994. 

[14] S. M. Stadler and B. E. Weißenberger, “Benchmarking des 
Berichtswesens,” Controlling, Vol. 11, No. 4, 1999, pp. 
5-11. 

[15] J. Berthel, “Informationsbedarf,” In: E. Frese, Handwör- 

terbuch der Organisation, SchäfferPoeschel, 1992, pp. 
872-886. 

[16] F. Wall, “Planungs-und Kontrollsysteme,” Gabler, Wies-
baden, 1999. 

[17] T. Keller, “Enwicklung eines Anreizsystems zur Steiger- 
ung der Aufgabenbereitschaft von Informationen im In- 
formationssystem der Unternehmung,” Ph.D. Dissertation, 
Hamburg University, Hamburg, 1994.  

[18] G. A. Miller, “The Magical Number Seven, Plus or Minus 
Two: Some Limits on Our Capacity for Processing In-
formation,” Psychological Review, Vol. 63, No. 2, March 
1956, pp. 81-97. 

[19] J. Weber, B. Hirsch, S. Linder and E. Zayer, “Verhalt- 
ensorientiertes Controlling,” Der Mensch im Mittelpunkt, 
WHU, 2003.  

[20] H.-U. Küpper, “Controlling: Konzeption, Aufgaben und 
Instrumente,” SchäfferPoeschel, 2003.  

[21] C. Homburg, J. Weber, J. T. Karlshaus and R. Aust, “Int- 
erne Kundenorientierung der Kostenrechnung,” Wearable 
Hemo-Ultrafiltratiin, 1998.  

[22] C. Homburg, J. Weber, J. T. Karlshaus and R. Aust, “Int- 
erne Kundenorientierung der Kostenrechnung?” Die Be-
triebswirtschaft, Vol. 60, No. 2, pp. 241-256. 

[23] J. Weber, “Einführung in das Controlling,” SchäfferPo- 
eschel, Stuttgart, 2004. 

[24] A. Kieser and P. Walgenbach, “Organisation,” SchäfferP- 
oeschel, Stuttgart, 2003. 

[25] R. S. Kaplan and D. Norton, “Translating Strategy into 
Action: The Balanced Scorecard,” Harvard University 
Press, Cambridge, 1996. 

[26] E. R. Babbie, “The Practice of Social Research,” 
Wadsworth, Ohio, 2004.  

[27] C. Homburg and H. Werner, “Kundenorientierung mit 
System – Mit Customer Orientation Management zu 
profitablem Wachstum,” Frankfurt am Main et al., 1998. 

 

 

Copyright © 2010 SciRes.                                                                                    iB 



iBusiness, 2010, 2, 116-122 
doi:10.4236/ib.2010.22014 Published Online June 2010 (http://www.SciRP.org/journal/ib) 

Copyright © 2010 SciRes.                                                                                    iB 

Inventories and Mixed Duopoly with State-Owned 
and Labor-Managed Firms 

Kazuhiro Ohnishi 
 

Institute for Basic Economic Science, Osaka, Japan. 
Email: ohnishi@e.people.or.jp 
 
Received February 25th, 2010; revised April 2nd, 2010; accepted May 8th, 2010. 

 
ABSTRACT 

This paper considers a two-period mixed market model in which a state-owned firm and a labor-managed firm are al-
lowed to hold inventories as a strategic device. The paper then shows that the equilibrium in the second period occurs 
at the Stackelberg point where the state-owned firm is the leader. 
 
Keywords: Inventory Investment, State-Owned Firm, Labor-Managed Firm 

1. Introduction 

The analysis of mixed market models that incorporate 
state-owned public firms has been performed by many 
researchers, such as [1-16].1 However, these studies con-
sider mixed market models in which state-owned firms 
compete with profit-maximizing capitalist firms, and do 
not include labor-managed firms. 

Mixed market models that incorporate labor-managed 
firms have also been studied by many researchers, such 
as [22-34].2 However, these studies consider mixed mar-
ket models in which labor-managed firms compete aga- 
inst profit-maximizing capitalist firms, and do not incl- 
ude state-owned firms. 

Some studies examine mixed market models with st- 
ate-owned and labor-managed firms. For example, Delb- 
ono and Rossini [40] explore the creation of 1) a duopoly 
formed by a labor-managed firm and a state-owned firm 
in a Cournot-Nash setting, and 2) a horizontal merger be- 
tween the same agents. In addition, Ohnishi [41] investi-
gates the behaviors of a state-owned firm and a labor- 
managed firm in a two-stage mixed market model with 
capacity investment as a strategic instrument. There are 
few studies that examine mixed market models with 
state-owned and labor-managed firms. 

Therefore, we consider a two-period mixed market 
model in which a state-owned firm and a labor-managed 

firm can hold inventories as a strategic device.3 In the 
first period, each firm simultaneously and independently 
chooses how much it sells in the current market and the 
level of inventory it holds for the second-period market. 
We analyze the equilibrium of the mixed duopoly model, 
and show that the equilibrium in the second period oc-
curs at the Stackelberg point where the state-owned firm 
is the leader. 

The remainder of this paper is organized as follows. In 
Section 2, we describe the model. Section 3 gives sup-
plementary explanations of the model. Section 4 analyzes 
the equilibrium of the model. Section 5 concludes the 
paper. All proofs are given in the appendix. 

2. The Model 

Let us consider a mixed market with one state-owned 
welfare-maximizing firm (firm 1) and one labor-mana- 
ged profit-per-worker-maximizing firm (firm 2), produc-
ing perfectly substitutable goods. There is no possibility 
of entry or exit. In the remainder of this paper, subscripts 
1 and 2 refer to firms 1 and 2, respectively, and super-
scripts 1 and 2 refer to periods 1 and 2, respectively. In 
addition, when  and  are used to refer to firms in an 
expression, they should be understood to refer to 1 and 2 
with 

i j

i j . The price of each period is determined by 
, where  is the aggregate sales of each 

period. We assume that  and . The game 
runs as follows. In the first period, each firm simultane-
ously and independently chooses its first-period produc-
tion 
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, )   and its first-period sales 1 1[0, ]i is q . 

1See [17-21] for excellent surveys. 
2The pioneering work on a theoretical model of a labor-managed firm 

is conducted by Ward [35]. See also [36-39] for excellent surveys. 
3For private market models with inventories as a strategic device, see 

Rotemberg and Saloner [42] and Matsumura [43]. 
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Firm ’s inventory i 1
iI  becomes q . At the end of 

the first period, firm  knows 
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chooses its second-period production . At the 
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and holds no inventory. For notational simplicity, we 
consider the game without discounting. 
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where  denotes firm i ’s constant marginal 

cost. The demand and cost conditions that firms face 
remain unchanged over time. We assume that firm 1 is 
less efficient than firm 2, i.e. .4 We define 
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where  is firm 2’s fixed cost, and  is the 

amount of labor in firm 2. We assume that  is the 

function of 
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We analyze the subgame perfect Nash equilibrium of 
the mixed market model. 

3. Supplementary Explanation 

In this section, we give supplementary explanations of  

the model described in the previous section. First, we 
derive firm 1’s reaction functions from (2). In the first 
period, since there is no inventory available, firm 1’s 
reaction function is defined by 

1

1
1

1 1 1 1
1 1 1 1 2 20{ 0}
( ) arg max ( )

S

s
R s P x dx c s c s



   


   (5) 

In the second period, firm 1’s reaction function with-
out inventory is defined by 

2

2
1

2 2 2 2
1 1 1 1 2 20{ 0}

( ) arg max ( )
S

s
R s P x dx c s c s



   


   (6) 

and thus its best response is shown as follows: 
2 2 2 1

2 2 1 2 1 1
1 2 1 2

1 1

if( ) ,
( )

if .

R s s I
R s

1
1I s I

  


          (7) 

Firm 1 maximizes social welfare with respect to 1
ts , 

given 2
ts . When the inventory is zero, the first-order 

condition for firm 1 is 

1 0.P c                     (8) 

Furthermore, we have 

1 2

'
'( ) .

'
t t P

R s
P

                  (9) 

In the first period, the slope of the reaction function of 
firm 1 is –1. In the second period, the slope of the best 

response of firm 1 is –1 for 2
1

1
1s I , and it is zero for 

2
1

1
1s I . This means that firm 1 treats 1

ts  as strategic 

substitutes.5 
Second, we derive firm 2’s reaction functions from (4). 

In the first period, since there is no inventory available, 
firm 2’s reaction function is defined by 

1
2

1 1 1
1 1 2 2 2 2
2 1 1

{ 0} 2 2

( )
( ) arg max .

( )s

P S s c s f
R s

l s

  
  

 
    (10) 

In the second period, firm 2’s reaction function with-
out inventory is defined by 

2
2

2 2 2
2 2 2 2 2 2
2 1 2

{ 0} 2 2

( )
( ) arg max ,

( )s

P S s c s f
R s

l s

  
  

 
   (11) 

and thus its best response is shown as follows: 
2 2 2 1

2 2 2 1 2 2
2 1 1 2

2 2

if( ) ,
( )

if .

R s s I
R s

1
2I s I

  


         (12) 

Firm 2 maximizes its profit per worker with respect to 

2
ts , given 1

ts . The equilibrium must satisfy the following 

conditions: When the inventory is zero, the first-order 
condition for firm 2 is 

4This assumption is justified in Nett [2,21] and Gunderson [44], and is 
often used in literature studying mixed markets. See, for instance, 
George and La Manna [5], Mujumdar and Pal [7], Pal [8], Nishimori 
and Ogawa [11], Matsumura [13], Ohnishi [14], and Fernández-Ruiz 
[16]. If firm 1 is equally or more efficient than firm 2, then firm 1 
chooses  and 1

tq 1

ts  such that price equals marginal cost. Therefore, 

firm 2 has no incentive to operate in the market, and firm 1 supplies the 
entire market, resulting in a social-welfare-maximizing public monop-
oly. This assumption is made to eliminate such a trivial solution. 

5The concepts of strategic substitutes and complements are due to 
Bulow, Geanakoplos, and Klemperer [45]. 
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2 2 2 2 2 2 2 2( ' ) ( ) ' 0,t t tP s P c l Ps c s f l        (13) 

and the second-order condition is 

2 2 2 2 2 2 2( " 2 ') ( ) " 0.t t tP s P l Ps c s f l        (14) 

Furthermore, we have 

2 2 2 2 2
2 1

2 2 2 2 2 2 2

" '( ')
'( ) .

( " 2 ') ( ) "

t t
t t

t t t

P s l P l s l
R s

P s P l Ps c s f l

 
 

   
  (15) 

Since , , so that  

 is positive; that is,  is upward 

sloping. This means that firm 2 treats 

2 " 0l 

2 2 2 ')ts l

2 2 2 ' 0tl s l  2 2" tP s l

'(P l  2 1( )t tR s

2
ts  as strategic 

complements. 
Third, we consider Stackelberg games. If firm 1 is the 

Stackelberg leader, then firm 1 selects 1
ts , and firm 2 

selects 2
ts  after observing 1

ts . Firm 1 maximizes 

 with respect to 1 2 (tR s1( , ))t t tw s 1
ts . On the other hand, if 

firm 2 is the Stackelberg leader, then firm 2 selects 2
ts , 

and firm 1 selects 1
ts  after observing 2

ts . Firm 2 maxi-

mizes 2 2
t t

1 (t
2 ))t( ,s R s  with respect to 2

ts . We present the 

following lemma: 
Lemma 1. Each firm’s Stakelberg leader sales exceed 

its Cournot sales without inventory. 
Lemma 1 means that each firm prefers sales higher 

than its Cournot sales without inventory. 

4. Equilibrium 

In this section, we analyze the equilibrium outcomes of 
the mixed market model. The equilibrium in the first 
period is stated by the following proposition: 

Proposition 1. In the first-period of the mixed market 
model, the equilibrium coincides with the Cournot Nash 
solution without inventory . 1 2( ,  )N N

The intuition behind Proposition 1 is as follows. There 
is no inventory available in the first period, and further 

1
is  does not affect 2

is  and 2
js . Since  and 1w 1

2  

decrease by deviating from the Cournot Nash solution, 
each firm has no incentive to do so, and therefore the 
equilibrium is at . 1 2 )N N( ,

We now consider the equilibrium of the second period. 
It is thought that the equilibrium of the second period is 

decided by the level of 1
iI . We discuss the following 

three cases: 
1) The case in which only firm 1 can hold inventory 
2) The case in which only firm 2 can hold inventory 
3) The case in which each firm can hold inventory 
We discuss these cases in order. 
1) The case in which only firm 1 can hold inventory 

First, consider Figure 1, where  denotes firm ’s 

second-period reaction curve without inventory.  is 

downward sloping, whereas  is upward sloping. Sup-

pose that firm 1 holds 

2
iR i

2
1R

2
2R

A1
1I  in the second period. By 

holding inventory, firm 1’s best response becomes (7). 
Firm 1’s inventory investment thus creates a kink in its 

reaction curve at the level of 1
1

AI . That is, firm 1’s reac-

tion curve becomes the kinked bold lines as drawn in the 
figure. The equilibrium is decided in a Cournot fashion, 
i.e., the intersection of firm 1’s and firm 2’s reaction 
curves gives us the equilibrium of the game. Figure 1 
shows that the intersection of new reaction curves is not 
affected by the kink. Hence, the equilibrium occurs at 

. N
Next, consider Figure 2. Suppose that firm 1 holds 

1
1

BI . From (7), firm 1’s reaction curve becomes the 

kinked bold lines. The intersection of firm 1’s and firm 
2’s reaction curves gives us the equilibrium of the game. 

 
2

2s

2

1R

2

2R

A

N

0 1

1

AI 2

1s  

Figure 1. The equilibrium occurs at N 

 
 2

2s

2

1R

2

2R

B

N

0 1

1

BI  2

1s  

Figure 2. The equilibrium occurs at B 
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From Figure 2, we see that the inventory level of 1
1

BI  

changes the equilibrium of the game. The intersection of 
the new reaction curves is the equilibrium sales in the 

second period. That is, if firm 1 holds 1
1

BI , then the eq- 

uilibrium occurs at . B
We can now state the following proposition: 
Proposition 2. Suppose that only firm 1 can hold in-

ventory. Then the equilibrium coincides with the Stack- 
elberg solution where firm 1 is the leader. 

2) The case in which only firm 2 can hold inventory 
First, consider Figure 3. Suppose that firm 2 holds 

1
2

DI . From (12), firm 2’s reaction curve becomes the kin- 

ked bold broken lines. In this figure, the reaction curves 
of both firms do not cross each other. That is, if firm 2 

maintains the inventory level of 1
2

DI , then there is no so- 

lution. 
Next, consider Figure 4. Suppose that firm 2 holds 

1
2

EI . From (12), firm 2’s reaction curve becomes the 

kinked bold broken lines. The reaction curves of both 
firms cross twice as in Figure 4. We can see easily that 

 and  are stable solutions. That is, there are two 
stable solutions. However, we see that firm 2’s profit per 
worker is higher at  than at . 

N E

N E
We can now state the following proposition: 
Proposition 3. Suppose that only firm 2 can hold in-

ventory. Then the equilibrium coincides with the Cournot 
Nash solution without inventory . 1 2( ,  )N N

3) The case in which each firm can hold inventory 
First, consider Figure 5. Suppose that firms 1 and 2 

hold 1
1

FI  and 1
2
GI , respectively. In this figure, the reac-

tion curves of both firms do not cross each other. That is, 
if firms 1 and 2 maintain the inventory levels of 1

1
FI  

and , respectively, then there is no solution. 1
2
GI

 
2

2s  

2

1R  

2

2R

N 

0 2

1s

1

2
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Figure 3. The reaction curves do not cross each other 

Next, consider Figure 6. Suppose that each firm holds 
1H
iI . Firm 1’s reaction curve becomes the kinked bold 

 
2
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2
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2
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N

0 2
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Figure 4. The reaction curves cross twice 
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Figure 5. The new reaction curves do not cross each other 
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Figure 6. The new reaction curves cross twice 
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lines, and firm 2’s reaction curve becomes the kinked 
bold broken lines. The new reaction curves of both firms 
cross twice. We see easily that H  and J  are stable 
solutions. That is, there are two stable solutions. How-
ever, we see that firm 2’s profit per worker is higher at 

 than at these points. N
The main result of this study is described by the fol-

lowing proposition: 
Proposition 4. In the second period of the mixed 

market model, the equilibrium coincides with the Sta- 
ckelberg solution where firm 1 is the leader. At equilib-
rium, firm 2’s profit per worker is lower than in the 
Cournot mixed duopoly game without inventory. 

5. Conclusions 

We have considered a two-period mixed market model in 
which a state-owned firm and a labor-managed firm are 
allowed to hold inventories as a strategic device. We 
have then shown that the equilibrium in the second pe-
riod occurs at the Stackelberg point where the state- 
owned firm is the leader and at equilibrium the labor- 
managed firm’s profit per worker is lower than in the 
Cournot mixed duopoly game without inventory. As a 
result, we see that the introduction of inventory invest-
ment into the analysis of mixed market competition with 
state-owned and labor-managed firms is profitable for the 
state-owned firm while it is not profitable for the la-
bor-managed firm. 
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Appendix 
 
Proof of Lemma 1 

First, we prove that firm 1’s Stakelberg leader sales 
are higher than its Cournot sales without inventory. Firm 

1 maximizes  with respect to 1 2 1( , ( ))t t t tw s R s 1
ts . There-

fore, firm 1’s Stackelberg leader sales satisfy the first- 
order condition: 

2

1 2

tt t

t t

Rw w

1
ts s s

 


  
,              (16) 

where 2
t tw s P c    2  is positive from (8) and 

, and 1 2 0c c  2 1
tR s  t  is also positive from (10), (11) 

and (15). To satisfy (16), 1
tw s  t  must be negative. 

Second, we prove that firm 2’s Stakelberg leader sales 
are higher than its Cournot sales without inventory. Firm 

2 maximizes 2 2 1 2( , ( ))t t t ts R s  with respect to 2
ts . There-

fore, firm 2’s Stackelberg leader sales satisfy the 
first-order condition: 

2 2

2 1

t t

t t

R1

2

t

ts s s

   


  
,              (17) 

where 2 1 't t
1
ts P s    is negative from ' 0P  , and 

1
t tR s  2  is also negative from (5), (6) and (9). To sat-

isfy (17), 2 2
t ts   must be negative. Thus, the lemma 

follows. Q. E. D. 
Proof of Proposition 1 

Since 1
is  does not affect 2

is  and 2
js , 1

is  has no 

strategic value. Thus, the result follows easily from (5) 
and (10). Q. E. D. 

Proof of Proposition 2 
The equilibrium is decided in a Cournot fashion, i.e., 

the intersection of firm 1’s and firm 2’s reaction func-

tions gives us the equilibrium of the game. In , social 

welfare is the highest at firm 1’s Stakelberg leader point. 
Lemma 1 states that firm 1’s Stakelberg leader sales ex-

ceed its Cournot sales without inventory.  is down-

ward sloping, whereas  is upward sloping. From (7), 

we see that the equilibrium in the second period is deci- 

ded by the value of 

2
2R

2
1R

2
2R

1
1I . 1

1I  can take values of zero and 

above. Our equilibrium concept is the subgame perfect 
equilibrium and all information in the model is common 

knowledge. In the first period, firm 1 chooses 1
1I  

1
1 1( q N  )

2

 associated with its second-period Stackelb- 

erg leader solution. Thus, Proposition 2 follows. Q. E. D. 
Proof of Proposition 3 
Lemma 1 states that firm 2’s Stakelberg leader sales 

exceed its Cournot sales without inventory. is down- 

ward sloping, whereas  is upward sloping. From 

(12), if 

2
1R

2
2R

1
2I N , then it is impossible for firm 2 to cha- 

nge 2
2s  in equilibrium. That is, if 1

2 2I N , then inven-

tory does not function as a strategic device. Let 2
2  be 

assumed to be continuous and concave in 2
2s . The furth- 

er a point on  gets from firm 2’s Stackelberg leader 

point, the more firm 2’s profit per worker decreases. 
Thus, Proposition 3 follows Q. E. D. 

2
1R

Proof of Proposition 4 
First, consider the possibility that firm 2 holds inven-

tory as a strategic device. Lemma 1 states that firm 2’s 
Stakelberg leader sales exceed its Cournot sales without 

inventory.  is downward sloping, whereas  is 

upward sloping. From (12), firm 2 cannot choose its 

Stackelberg leader point. Let 

2
1R 2

2R

2
2  be assumed to be con-

tinuous and concave in 2
2s . The further a point on  

gets from firm 2’s Stackelberg leader point, the more 
firm 2’s profit per worker decreases. Hence, firm 2 does 

not choose 

2
1R

1
2 2I N . If 1

2 2I N  and 1 2
2 2 ( 1

1 )I R I , then 

there is no solution. If 1
2 2I N  and 1 2

2 2 ( 1
1 )I R I , then 

the solution becomes . However, at solution, 

firm 2’s profit per worker is lower than in the Cournot 
mixed duopoly game without inventory. Hence, firm 2 
does not hold inventory as a strategic device whether 
firm 1 holds inventory or not. 

2 1
2 1( )R I 2N

Next, consider the possibility that firm 1 holds inven-
tory as a strategic device. Our equilibrium concept is the 
subgame perfect equilibrium and all information in the 
model is common knowledge. Hence, firm 1 knows that 
firm 2 does not hold inventory as a strategic device 
whether firm 1 holds inventory or not. Lemma 1 states 
that firm 1’s Stakelberg leader sales exceed its Cournot 
sales without inventory. From (7), we see that the equi-
librium in the second period is decided by the value of 

1
1I . 1

1I  can take values of zero and above. In the first 

period, firm 1 chooses 1 1
1 1 1( )I q N   associated with 

its second-period Stackelberg leader solution. Thus, the 
equilibrium coincides with the Stackelberg solution 
where firm 1 is the leader. 

From Lemma 1, we see that firm 1 increases 2
1s  by 

holding 1 1
1 1 1( )I q N   associated with its second-per- 

iod Stackelberg leader solution. Since 2 2 2
2 1 2' 0s P s    , 

increasing 2
1s  decreases 2

2  given 2
2s , and thus Prop- 

osition 4 follows. Q. E. D. 
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ABSTRACT 

The paper focuses on the conspiratorial relationship between Accounting Officers and Political Appointees in Nigeria 
and how this merge has affected public accountability. The conspiratorial relationship has led to flagrant and deliber-
ate abuse of best practices and due process all in a bid to steal public funds. The absence of public accountability has 
also increased the chances of corrupt practices by both the political appointees and civil servants. This paper advocates 
administrative reform and good governance, encompassing public accountability to ensure that the people are held 
accountable for their behaviours as a deterrent to corrupt practices. 
 
Keywords: Accountability, Political Appointees, Civil Servants, Corruption 

1. Introduction 

In contemporary Nigeria, government has ultimately be-
come inseparable from the day to day life of the citizens. 
This is because government is now involved in the over-
all social and economic development as against its tradi-
tional role of mere maintaining law and order. Unfortu-
nately, the resources at the disposal of governments con-
tinue to dwindle, meaning that governments have to re- 
order her priorities to meet the needs of the society. The 
implication is that both the civil servants and the political 
office holders must cooperate to ensure the achievement 
of sustainable financial and economic development. They 
must be responsive to the yearnings and aspirations of 
the people and be held accountable for their actions and 
inactions. 

However, for some times, the influence of the political 
appointees has made the civil servants to neglect the is-
sue of accountability in the work place. The World De-
velopment Report (2004) places accountability succinctly 
at the centre of public reform and public service delivery 
[1]. Public accountability measures the degree to which 
the community can control (hold accountable) the be-
haviour of public agents through political institutions [2]. 
Essentially, public accountability mainly regards matters 
in the public domain, such as the spending of public 
funds, the exercise of public authorities, or the conduct of 

public institutions [3]. Generally, the goals of all public 
accountability measures are to guarantee that public 
money is spent most judiciously to ensure that the public 
actually benefits from public finance. There are many 
dimensions of accountability found in literature. For in-
stance, a distinction can be found between accountability 
and transparency [4], and between accountability and 
responsiveness and participation [5]. However, account-
ability and controllability may be equated, since an agent 
is accountable to a principal if the principal can exercise 
control over the agent [6]. Whatever the dimension from 
which accountability is seen, the importance is in forcing 
administrators to trace connections between the past, 
present and future [7]. 

In order to strengthen the accountability requirements 
of public sector spending in Nigeria, government had put 
in place many agencies to overcome the issues of corrup-
tion and wasteful spending. These anti-corruption agen-
cies include the Independent Corrupt Practices and Other 
Related Offences Commission (ICPC), Economic and 
Financial Crimes Commission (EFCC) and the budget, 
due process monitoring unit, which are expected to serve 
as the watch dogs for public officers who may want to 
defraud the nation and enrich themselves illegally and 
hence hold them accountable to the public. For instance, 
the activities of EFCC have been summarized as follows 
[8]: 
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…about 350 EFCC cases are at an advanced stage of 
prosecution. About 5,000 people have been arrested over 
the past three years. There have been about 91 convic-
tions for various corruption crimes and assets worth over 
$5 billion have been seized, confiscated and refunded to 
the state and victims of crime. 

The activities of the anti-corruption agencies, notwith-
standing, the basic questions in the minds of the people 
are: 1) To what extent has the concept of accountability 
be embedded in public services? 2) Has the introduction 
of the anti-corrupt agencies had any impact on corrupt 
practices in Nigeria? 3) Can the conspiratorial roles of 
the public appointees and civil servants be checkmated 
by the agencies? The paper, therefore, examined the is-
sue of public accountability in Nigeria, and highlights the 
effects of the conspiratorial associations between civil 
servants and political appointees, which in most cases 
has led to opportunistic behaviours with the hope of cor-
ruptly enriching the individuals concerned. 

2. Public Accountability and Corruption 
Control in Nigeria 

Corruption is pandemic in Nigeria and it has certainly 
emerged as the major impediment to the development of 
democracy and the national economy. The scourge has 
grown to become a way of life of both the governor and 
the governed as it pervades all sectors of the state. A 
politician that ‘succeeds’ at the polls sees any office he/ 
she occupies as a source of re-coupling his/her electoral 
expenses. Therefore, in most circumstances, public offi-
cers use their positions for private gains while long-term 
public interests are sacrificed. 

Basically, corruption is described as efforts to secure 
wealth or power through illegal means – private gain at 
public expense; or a misuse of public power for private 
benefit [9]. It is a behavior, which violates rules against 
the exercise of certain types of [duties] for private [gains] 
- regarding influence [10]. This definition includes such 
behavior as bribery (use of a reward to pervert the judg-
ment of a person in a position of trust); nepotism (be-
stowal of patronage by reason of ascribed relationship 
rather than merit); and misappropriation (illegal appro-
priation of public resources for private uses). Corrupt 
practices are so common and pervading in the Nigeria’s 
public service to an extent that citizens find it difficult to 
develop an alternative to deal with it. Corruption is 
probably the main means to accumulate quick wealth in 
Nigeria. Corruption occurs in many forms, and it has 
contributed immensely to the poverty and misery of a 
large segment of the Nigerian population. 

There are three reasons why corruption thrives in Ni-
geria [11]: 

1) corrupt leadership lacked the desire and ability to 
change the moral tone of the country; 

2) government domination of the economic sphere sig- 
nificantly enhances opportunities and ability to seek rents; 
and 

3) civil society accepts or tolerate corruption 
The high level of corruption in Nigeria has been aided 

by the conspiratorial relationship between political ap-
pointees and accounting officers. In this realm, there is 
flagrant and deliberate abuse of best practices and due 
process all in a bid to steal public funds. It is possible 
that either the political appointee or the career civil ser-
vant stands as the initiator of the dirty deals or ideas but 
the long and short of the matter is that both parties con-
spire against the State and the welfare of her citizens. 
The history of governance process in Nigeria reflects 
active connivance between political appointees and ca-
reer officers at all levels of administration – Federal, 
State and Local. The situation is such that political ap-
pointees and career officers embark on a stealing spree 
and also use accounting techniques to cover up their 
tricks. This is evidenced by the blatant squandering of 
public resources by the past leaders in Nigeria. Report-
edly, in 2005, Nigeria, with the assistance of the World 
Bank, began to recover US $458 million of illicit funds 
that had been deposited in Swiss bank by the late Sani 
Abacha, who ruled Nigeria from 1993 and 1998. 

Honourable Ghali Na’Abba, Speaker of Nigerian 
House of Representatives (1999-2003), while comment-
ing on the situation of corruption in Nigeria, posits that 
[12]: 

While we cannot rule out the incidence of corruption 
and bribery in almost every facet of our society, it is par-
ticularly resident in the infrastructure areas in ministries 
or monopolistic parastatals saddled with the task of 
making infrastructure available to the public – water, 
telecommunications, electricity (NEPA), roads and rail-
ways (NRC) (2003). 

The above is not only a confirmation of the malaise in 
the political economy by a top brass in government; it is 
also the placement of a national disaster in a well cou- 
ched language. In the same way, the Nigerian National 
Petroleum Corporation has been accused of corrupt prac-
tices over the years. The corporation had been embroiled 
in one scandal or the other, ranging from issuance of pro 
forma invoices (PFIs) to customers and arbitrary product 
allocations to award of contracts to companies that gre- 
ase the palms of some unscrupulous NNPC officials so as 
to secure offshore or downstream contracts [13]. Many 
corrupt practices have been associated with Public Offi-
cers in Nigeria’s fourth republic [14]. 

All the financial gates and scandals unearthed in the 
Fourth Republic ran into several billions. For instance, 
the Police boss, Tafa Balogun’s financial scam involved 
the laundering of billions of naira and dollars through 
different names in banks. Such was the method of gov-
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ernment officials involved in ‘Ikoyi-gate’, a euphemism 
for the scam involving the sale of government property in 
Ikoyi, Lagos and other multiple and serial financial 
scandals that rocked the Fourth republic from the Local 
and State Governments to the Presidency. 

However, corruption is a phenomenon that presents a 
paradox in Nigeria. This is because, while the number of 
cases was declining, the magnitudes in naira term were 
increasing. This position can be appreciated with the aid 
of Figure 1 below. 

Figure 1 indicates that the number of cases involved 
in corruption in Nigeria declines progressively since 
1999. This period coincides with the introduction of the 
anti-corruption control measures in the country. But crit-
ics believed that the anti-corruption agencies were not 
effective at controlling corruption [15]. 

…It is now about four years since your administration 
embarked upon its anti-corruption crusade. Nevertheless, 
I regret to observe that the campaign has not yielded the 
desired result because it lacked focus and strong founda-
tion ab initio…. In any case, the most preposterous and 
incredulous aspect of your anti-corruption campaign is 
that while the media is awash with stories on the activi-

ties of EFCC and ICPC, corruption is taking root daily 
in many federal establishments, also rock inclusive. I 
have said it several times that corruption is rife among 
senior officials of government, especially those at the 
federal level.... It is said that a few members of the lead-
ership of the Senate could stoop so low as to drop your 
name with active connivance of some of your aides to 
collect large sums in oil and defense contract commis-
sions. The ignominious activities of this cabal, including 
the foreign accounts of some of your aides, serving and 
former ministers, are also well known to the interna-
tional community. I would be surprised if you feign ig-
norance of this unfortunate situation. 

The truth of the matter is that the entire Nigerian polit- 
ical process is hampered by corruption. This also means 
that accountability has not been rooted in the Nigerian 
public service. Despite the activities of the ICPC and 
EFCC, corruption seems to be on the increase in the 
country. Most times, political appointees see public of-
fices as an avenue to siphon public funds for private ends 
in spite of the jumbo salaries awarded to themselves by 
the public officers. For instance, Table 1 shows the an-
nual salaries of certain public officers in Nigeria. 
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Figure 1. Summary statisticis of corruption in Nigeria (1980-2003) 

 
Table 1. Annual salaries of certain public officers in Nigeria 

 N 

Senator 36,677,840.00 
Federal House Member 35,932,346.30 
Federal High Court Judge 26,875,078.00 
Permanent Secretaries, Executive Secretary,  
Chief Executive of Parastatal, Vice Chancellor 22,051,154.30 

Local Government Chairman 13,865,895.30 
Local Government Supervisory Councilor 12,746,875.00 

Source: Culled from ASUU Open Letter to President Umaru Yar’Adua, The Nation, 3 September 2009 
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However, political appointees, most of the times, rely 

on the accounting officers to accomplish their nefarious 
activities. In actual fact, most of them are tutored in the 
act of stealing by accounting officers who possess the 
requisite knowledge on where public funds are kept and 
how public funds can be diverted into private pockets. 
This implies conspiracy between the Accounting Officers 
and Political Appointees. Therefore, the government 
must strengthen the corruption control mechanisms put in 
place to ensure good accountability system, free from 
any governmental interference, in order to sanitize the 
public service. 

3. Administrative Reform, Good Governance 
and Public Accountability 

The problems associated with the financial interactions 
of Accounting Officers and Political Appointees are not 
insurmountable. This paper advocates administrative ref- 
orm and good governance for overcoming the conspira-
torial relationship, which has affected public account-
ability. 

1) Administrative Reform: Administrative reform is a 
political process designed to adjust the relationship be-
tween a bureaucrat and other elements in society or with- 
in the bureaucracy itself [16]. Succinctly put, administra-
tive reform is: 

Power politics in action; it contains ideological ra-
tionalization, fights for control of areas, services, and 
people, political participants and institutions… [17]. 

Administrative reform has a “moral content” in that it 
seeks to create a “better” system by removing faults and 
imperfections. It is usually undertaken to change the sta- 
tus quo for the better. It aims at making the administra-
tive and political structures and procedures compatible 
with broader goals. Administrative reform sets additional 
political values to be used as yardsticks against which 
administrative performance may be judged. Administra-
tive reform involves system diagnosis, that is, examina-
tion of administrative systems to detect what is wrong 
and what can be improved. 

From the foregoing, it becomes imperative to empha-
size the work of the audit department of every govern-
ment office. This will discourage undue abuse of public 
privileges on the part of political appointees and ensure 
that the career of accounting officers is not at the mercy 
of Political Appointees. Consequently, external auditors 
appointed for government agencies and parastatals sho- 
uld ensure that accountability is enforced in the account-
ing system. This will go a long way in corroborating and 
safeguarding the judgements and actions of accounting 
officers and Internal Auditors. Thus, the fear that a politi- 
cian could sack an un-cooperative accounting officer will 
be limited because sooner or later, the account profile 
will reveal the real facts behind the actions of the Accou- 

nting officers and the Political Appointees. 
2) Administrative Good Governance: Good govern-

ance inter alias relates to the exercise of political power 
to manage a nation’s affairs [18]. It also means an effi-
cient, independent, accountable and open audited public 
service which has the bureaucratic competence to help 
design and implement appropriate policies and manage 
the public sector [19]. It also entails an independent judi-
cial system to uphold the law and resolve disputes arising 
in a largely free market economy. The administrative 
aspect of good governance focuses on the following four 
main areas of public administration in general and public 
sector management in particular. 

a) Accountability, which in essence means holding of-
ficials responsible for their actions;  

b) Legal framework for development, which means a 
structure of rules and laws which provide clarity, predict- 
tability and stability for the private sector, which are im-
partially and fairly applied to all, and which provide the 
basis for conflict resolution through an independent judi-
cial system; 

c) Information, by which is meant that information 
about economic conditions, budgets, markets and gover- 
nment intentions is reliable and accessible to all, some-
thing which is crucial for private sector calculations;  

d) Insistence on transparency, which is basically a call 
for open government, to enhance accountability, limit 
corruption and stimulate consultative processes between 
government and private interests over policy develop-
ment [20,21]. 

4. Conclusions 

The paper focuses on the relationship between Account-
ing Officers and Political Appointees in Nigeria and how 
this merge has increased corruption. The relationship 
goes a long way in determining the success or failure of 
government policies and projects. The most desirable is a 
cooperative relationship as it enhances efficient service 
delivery. However, a conspiratorial or confrontational 
relationship is usually not in the best interest of the Pub-
lic/Civil service. The conspiratorial relationship breeds 
corruption which retards national development. The situ- 
ation was worsened by successive military regimes that 
institutionalized corruption in the country. Even, the anti- 
corruption measures put in place have received mixed 
reactions and their workability in achieving the desired 
objectives. This paper, therefore, advocates administra-
tive reform and good governance, encompassing public 
accountability to ensure that the people are held account- 
table for their behaviour as a deterrent to corrupt practices. 
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ABSTRACT 

An appropriate medical region must be selected before establishing a new hospital. Once established, a hospital may 
bring many medical doctors and facilities to the area. Not only can the distribution of medical resources in that area be 
influenced, but also competition among different hospitals can be enhanced. The government needs to consider the is-
sue of medical resource distribution; therefore, medical region selection has important policy implications. This study 
uses data envelopment analysis (DEA) to establish the effective indicators, and also uses an expert system on the equal-
ity of medical resource distribution to identify medical areas lacking medical resources and where there is relatively 
less competition. As a result, this study can provide the necessary information to facilitate the choice of region for a 
new hospital. This method not only avoids assigning a hospital to a medical region where there are surplus resources, 
but it can also reduce the risk of excessive competition. 
 
Keywords: Practice Location, Equality of Medical Resources Distribution, Data Envelopment Analysis, Effectiveness 

1. Background 

Prior to the establishment of the National Health Insu- 
rance system, there were 716 hospitals and 61,105 acute 
beds in Taiwan. However, by 2006, the number of hos-
pitals was reduced by 193 to 523, whereas the number of 
acute beds had increased by 11,827 to 72,932 [1]. This 
development indicates the tendency for hospitals to con-
tinue to expand to obtain higher medical payments [2]. 

The government adopted a hands-off approach to phy-
sician training and hospital management until the estab-
lishment of the Department of Health, Executive Yuan, 
in 1971 [3]. Taiwan is divided into 17 different health- 
care districts, and relevant criteria for assessing medical 
resources are also established by the Department of Heal- 
th [4]. According to the standard developed by the De-
partment of Health for medical districts without suffi-
cient medical resources (defined as districts with less 
than 20 general sickbeds per 10,000 population), no 
medical districts lacked medical resources as of 2006, 
except the medical area of Yulin County, which probably 
had 25 general sickbeds per 10,000 population. Thus, 
most districts have over 30 general sickbeds per 10,000 
population; half of these have a sufficient amount of  

medical resources, with over 60 general sickbeds per 
10,000 population. Hospitals established in districts with 
sufficient medical resources immediately suffer not only 
excessive competition in health-care markets, but also 
barriers to expansion or the establishment of new hospi-
tals [3]. Moreover, the Department of Health has been 
developing a new project called the “Global Budget Sys-
tem” since 1998, in which annual total medical expendi-
ture is calculated based on medical-care payments for 
each person and the actual number of medical insurance 
objects [5]. Besides the payment of total medical claims 
for general hospitals, payment for dentists, Chinese 
medicine doctors, and family doctors exists on a different 
basis. Therefore, if an inappropriate medical district is 
selected, one might simultaneously face several problems; 
for example, greater competition and a lower average 
payment value. Furthermore, since medical services are 
not mobile, and patients must attend hospitals in person, 
careful medical district selection has become a key issue 
for those establishing new hospitals. Once established, a 
hospital may bring many medical doctors and facilities to 
the area, which strongly influences the distribution of 
medical resources, and competition among different hos-
pitals can be enhanced. Therefore, choice of the medical 
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area for a new hospital has important policy implications. 
When the market is in balance, all doctors share the 

same effective demand. Similarly, it is wise for doctors 
to establish their practices in areas with a low density of 
doctors per capita to equalize distribution [6]. Additiona- 
lly, Newhouse et al. [7] found that cities with smaller 
populations could be considered only after the number of 
doctors in urban areas reaches a certain ratio. Economic 
capability in the medical market may, therefore, pro-
foundly affect doctors’ choices of where to locate their 
practices. Chiang [8] noted that the reason remote areas 
have fewer doctors is not because of the unequal distri-
bution of medical resources, but rather because consi- 
derable room remains in cities for new market entrants. 
Thus, more doctors are needed to ensure that remote ar-
eas have sufficient medical resources and services. The 
only way to solve the problem of insufficient numbers of 
doctors in remote areas is to increase the supply of doc-
tors. In Taiwan, for example, the Taiwanese government 
is trying to provide more doctors to remote areas by in-
creasing the quota for medical students and also promo- 
ting the Medical Group Practice Center [3]. Because of 
this successful medical policy, the number of doctors has 
increased from 24,399, before the implementation of the 
health-care project in 1994, to 34,864 in 2006; an in-
crease of 10,465 (about 43%) in 12 years [9]. Intensify-
ing competition among doctors in the medical market can 
be a problem; thus, doctors must seriously consider 
whether they should locate their practices in a medical 
district with a smaller number of doctors to avoid exces-
sive competition. 

In economics, the market concentration ratio is widely 
used to measure the degree of competition [10], particu-
larly the Herfindahl index, which is used to calculate the 
square of the total occupancy rate of all hospitals in the 
market. Competition increases with decreasing Herfin-
dahl index [11]. In a medical district with a population of 
10,000 people, when the Herfindahl index drops to 100 
(from 1000), the number of doctors increases from 10 to 
100, but the occupancy rate of each doctor remains un-
changed; i.e., the degree of competition increases. Thus, 
capacity must be calculated before a new hospital is es-
tablished. Furthermore, the capacity itself, the number of 
doctors, and the amount of additional medical resources 
in this market must also be considered. 

The quantity of medical resources in a medical district 
can be measured by analyzing whether it has an equal 
distribution of medical resources when compared with 
other related medical districts. If a medical district suf-
fers from an unfair distribution of medical resources, it 
might be a suitable location for establishing a new hos-
pital. Two methods are commonly adopted for measuring 
equality, namely the proportional method and the index 
method [12]. Regardless of which method is used, nu-
merous different metrics or criteria must be considered in 

the data. Furthermore, unless a medical district exists 
having its entire metrics superior to those of other dis-
tricts, it will be extremely difficult to evaluate and justify 
districts which are superior to others, without using any 
weightings or transfer functions. Due to the limitations of 
traditional methods, the major purpose of this study was 
to establish a Performance Index using Data Envelop-
ment Analysis (DEA), in which the Performance Index is 
adopted to evaluate the equality of distribution of medi-
cal resources in a medical district. The DEA model can 
provide an objective and fair solution to the above pro- 
blem without requiring any presuppositions [13]. 

The function of the expert system lies in offering, 
judging, explaining, and making policy decisions to the 
specific field question [14], and compared with a human 
expert, the expert system has several beneficial charac-
teristics: no time restrictions, low cost of operation, ease 
of distribution and duplication, consistency, ability to 
deal with time-consuming or complicated problems, and 
can be adapted to specific fields [15]. The question of 
medical region selection for new hospitals is complicated, 
and thus an expert system can perform better than a hu-
man expert. 

This study used data envelopment analysis (DEA) to 
establish the effective indicators and to help choose the 
correct expert system. In particular, this study used the 
relevant medical care materials and the peoples’ aware-
ness of accessibility of medical treatment in 2006, and 
then applied the DEA method to identify the equality of 
medical resource distribution in Taiwan, to understand 
which medical areas lack medical resources, have rela-
tively less competition, and in which, therefore, it is ap-
propriate to add medical resources. This study may pro-
vide the necessary information to facilitate the choice of 
region for placement of a new hospital, avoiding place-
ment in a medical region with a medical resource surplus, 
and reducing the risks associated with excessive compe-
tition. 

2. Literature Review 

Five definitions are most frequently quoted for equity of 
health-care distribution [16-21], as follows: equality of 
choice sets, equality of access, equality of expenditure, 
equality of needs, and equality of health. 

2.1 Equality of Choice Sets 

This means that all individuals should be provided with 
identical sets of choices [16,17]. This idea is similar to 
the theory of Penchansky and Thomas [22] regarding 
availability of enough doctors, hospitals, and equipment. 
This study measures choice set equality based on the 
percentage of doctors and acute beds; the number of 
choice sets increases with increasing percentage. When 
medical care facilities are established in districts with 
fewer choice sets, Phelps’ spatial theory, which holds 
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that doctors would like to run their practices in sparsely 
populated areas, is demonstrated. Similarly, medical in-
stitutes face reduced competition as the number of choice 
sets decreases. 

2.2 Equality of Access 

This means that all individuals have equal access to 
medical care. Access not only indicates the convenience 
of obtaining medical care for all individuals, but also 
demonstrates the relationship between people and sites of 
medical care. For example, access involves distances and 
traffic problems [22]. Equality of access thus improves 
with decreasing distance. This study measures the equa- 
lity of access based on the percentage of doctors, the 
length of road, and the percentage of the people able to 
obtain medical treatment within an acceptable time, with 
a higher value representing higher accessibility. Action 
[23], Coffey [24] and Cauley [25] indicated that the time 
taken to get medical treatment influences consumers’ 
medical demand. When the distance and time to obtain 
medical treatment are long, then the demand for medical 
treatment is very low. Using a questionnaire survey, one 
can identify the time delay that consumers find accepta- 
ble for obtaining medical treatment. When a medical 
institute chooses a medical area with lower accessibility, 
it is in agreement with D’Aspremont et al. [26], who 
indicated that factory dealers try their best to be far away 
from each other, the so-called principle of maximum 
differentiation. In addition, by choosing a medical area 
with lower accessibility, consumer demand will also in-
crease, and there will not be much competition for medi-
cal facilities. 

2.3 Equality of Expenditures 

This means medical care is distributed fairly among dif-
ferent individuals. Outpatient services and hospitalization 
charges are generally included in medical expenditures. 
Two indicators, average expenditure on outpatient ser-
vices and average expenditure on hospitalization, are 
used to measure expenditure equality. A higher value 
indicates that each person’s expenditure is higher. One 
does not use the percentage of doctors (western medi- 
cine) as an indicator of expenditure on outpatient ser-
vices or the percentage of acute beds as an indicator of 
expenditure on inpatient services because these two in-
dicators cannot tell us the differences that arise from re-
gional differences in the number of people seeking 
medical treatment or differences in each person’s hospi-
talization cost. On the other hand, the average of each 
person’s outpatient expenditures and the average of each 
person’s inpatient expenditures can account for the dif-
ference in the number of people. In addition, after Tai-
wan implemented the Global Budget System, patient’s 
expenditures after seeking medical advice were paid by 
the Bureau of National Health Insurance [27], so the re-

lationship with the number of patients is diminished [28]. 
Furthermore, in a medical region with a large number of 
doctors, more doctors’ increasing demand, thus increas-
ing outpatient numbers, which increases each person’s 
average expenditure on medical treatment [29]. Thus, in 
medical regions with higher average individual expendi-
tures on medical treatment, the number of doctors will be 
higher, resulting in relatively high competition. 

2.4 Equality of Needs 

Equality of needs means that medical resources should 
be distributed based on public need. Sometimes, neces-
sity can be defined as obtaining or maintaining high-level 
medical services. Generally, medical treatment can be 
considered as health-care provided based on the medical 
knowledge of doctors and professionals [30,31]. In fact, 
when the unit of medical service is used to assess the 
need for medical treatment, the commonly applied 
methods include times of outpatient service, hospitaliza-
tion, or surgery. Two indicators, percentage of doctors 
providing outpatient services and percentage of acute 
beds, are used to measure equality of needs. A higher 
value represents a greater amount of medical resources 
that the medical demands obtain each time. When a hos-
pital chooses an area with lower medical resources, and 
the difference in the amount of medical treatment is con-
sidered, the effective demand should be the same for 
each doctor [12]. Similarly, when a medical institute is 
established in a region with lower medical resources, the 
competition is relatively low for the medical demands of 
each person. 

2.5 Equality of Health 

This means that the distribution of medical resources 
must result in all persons having equal health status, as 
reflected by life expectancies, death rates, infant death 
rates, and rates of injury and sickness. Owing to the ele-
ments of care that influence health status, numerous other 
relevant physiological and social factors can be identified 
[32]. Male and female survival rates are two indicators 
used to measure health equality. A higher value repre-
sents better health status in a medical area. Since non-
profit hospitals do not consider maximizing profit their 
main purpose, and they obtain their funds through chari-
table contributions or government subsidies, nonprofit 
hospitals can always manage [12]. The nonprofit hospital 
exists, as stated by Weisbrod [33], because there are 
some unmet demands for medical treatment; when the 
service provided is less than that required by society, 
people will organize a nonprofit hospital in order to offer 
services to provide the needed services. Thus, nonprofit 
hospitals must consider health equality as one of the 
standards used to determine where they should be esta- 
blished. A medical region that has a worse health status 
needs a nonprofit hospital. 
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The definition of the equality of distribution for medi-
cal resources indicates that non-profit hospitals should 
consider all five dimensions. Since for-profit hospitals do 
not always have to assume a major social responsibility, 
they only need to consider the first four dimensions. 

3. Methods 

The proportional and index methods are the most com-
mon methods of measuring equity. When the propor-
tional method is used to distribute health care, the medi-
cal insurance expenditures among different groups can be 
adopted to compensate for the percentage differences 
[34]. The index method is the most frequently quoted 
method to measure equality; for example Van Doorslaer 
et al. [35] and Schalick et al. [36]. Wagstaff et al. [37] 
discuss three indices: “the disease centralization index, 
the centralization index of medical treatment expendi-
tures, and the index of fairness.” This permits us to mea- 
sure the degree of inequity in medical resources in ad-
vance. However, regardless of the method used, both 
methods (proportional and index) are only capable of 
dealing with single targets. When several indices are 
measured simultaneously, as in the present study, one 
weighted set or alternatively a transfer function must be 
provided. Additionally, the weighted set and the function 
choice are considered subjective. 

The DEA model provides a single objective and fair 
method that does not require setting default weights to 
solve problems involving multiple objectives. Further-
more, the proposed method has good unit invariance. The 
earliest DEA model uses efficiency as the evaluation 
basis [38]. n decision management units (DMUs) ( j
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where  represents technical efficiency, and Equation 

(1) is the input-oriented CCR model. Consequently, the 
efficiency of this equation is also known as “input based 
efficiency.” Furthermore, output can also be taken as the 
output-oriented CCR model, which can be presented as 
follows: 
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where the value of o  is termed the “output based effi-

ciency.” The relation between input and output based 

efficiency can be represented as
1

o
o
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Chang et al. (1995) explained measurement effective-
ness by implementing the CCR model. When the input in 
Equation (2) is set to 1jX , the output-oriented CCR 

model with a constant input should be: 
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The effectiveness is the reciprocal of efficiency, o , 

by calculating Equation (3) namely 
1

o
o




 . That is, 

when all DMU inputs are constants, the output-oriented 
DEA model equals the relative efficiency measured 
based on outputs. According to its meaning in manage-
ment, it can be explained as “value the target unscrupu-
lously”. Unscrupulousness here does not mean ignoring 
efficiency but instead stresses the macro-perception for 
measuring environmental change and developing a strat-
egy for seeking long-term efficiency [39]. 

4. Research Process 

This study implemented the DEA method by analyzing 
the equality of distribution of medical resources using 
four (for-profit hospitals) and five (nonprofit hospitals) 
dimensions, respectively. Furthermore, to avoid losing 
the meaning of performance value, in which too many 
DMUs, resulting from performance assessment, contri- 
bute to a performance value of 1, every effort should be 
made to ensure that the relationship between the number 
of DMUs and the number of input-output items meets the 
experience principle: namely, the number of DMUs is 
three times that of input-output items [40]. 

m

os s s  


  

   

        s  

However, in this study, the DMU contains 16 medical 
districts (with Keelung City belonging to the same 
medical district as Taipei City and Taipei County), and 
the evaluation index contains eight items for for-profit 
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hospitals and ten items for nonprofit hospitals. Therefore, 
the ratio index can be considered the criterion for evalu-
ating the development of each medical district, where 
Table 1 illustrates the definition of each index. Although 
the experience principle is not always met, the major 
goal of this study was still to determine which medical 
districts have insufficient medical resources. It is ex-
tremely satisfying to obtain an analysis result in which 
few DMUs have a performance value of 1. This study 
used the DEA to build the structure for an expert system 

of assessment, as in Figure 1. 
The relevant data from the “Health and Vital Statis-

tics”, “Statistical Yearbook of the Highway Bureau”, and 
“National Health Insurance Statistics” for 2006 were 
gathered [1,41]. The percentage of people who can ob-
tain medical treatment within an acceptable time, which 
is part of the equality of access indicator, was determined 
from a questionnaire survey conducted by the Depart-
ment of Health, which identified the time delay that con-
sumers find acceptable for obtaining medical treatment. 
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Figure 1. Structure of the equality of medical resources distribution 
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Table 1. Index for measuring health care distribution equity 

Dimension Index Formula 

Percentage of doctors with training in western  
medicine (ten thousands) The number of doctorspopulation (person)  1000 

Equality of choice sets 

Percentage of acute beds (ten thousands) The number of acute beds ÷ population (person)  1000 

Percentage of doctors along a 10-km length of road The number of doctors  the length of the road (km)   10 

Equality of access 
Percentage of people who can obtain medical  
treatment within an acceptable time 

Percentage of people who can obtain medical treatment within an 
acceptable time the number of people studied (persons)   100 

Average expenditure on outpatient services  
(thousand dollars) 

Man-time in outpatient services   the average expenditure on 
outpatient services (dollars)  1000 population (persons) 

Equality of expenditures 

Average expenditure on hospitalization  
(hundred dollars) 

The number of hospitalizations   the average expenditure of 
hospitalization 100  population (persons) 

Percentage of doctors providing outpatient services The number of doctors  man-time in health insurance   1000 
Equality of needs 

Percentage of acute beds in total hospitalization The number of acute beds  the number of hospitalizations 
1000 

Male survival rate (1–death rate of male)   100 
Equality of health 

Female survival rate (1–death rate of female)   100 

Source: Department of Health, Health and Vital Statistics [1] 

 
A telephone questionnaire survey was conducted, using 
stratified percentage systematic sampling; 3,269 people 
were included in the sample. The equality index of the 
distribution of medical resources for each medical district 
was calculated based on the formula in Table 1, and the 
observed values are listed in Table 2. 

The Department of Health currently divides Taiwan 
into 17 medical areas and 63 medical sub-areas. This divi- 
sion is based on the principle of regarding adjacent coun-
ties and cities as single areas [4]. For example, Taipei 
city and Taipei County are included in the same area. 
However, given that Keelung City is geographically sur-
rounded by Taipei County, it seems sensible to also in-
clude it in the Taipei city and county medical area. Thus, 
this study analyzed 16 medical areas rather than 17. 

The Department of Health directly signs insurance 
contracts with hospitals/clinics, but not with individual 
doctors. Doctors are allowed to simultaneously work for 
hospitals/clinics both within and outside the NHS system, 
so it is extremely reasonable to use the Department of 
Health figure for the number of hospitals. However, in-
dividuals who participate in the National Health Insu- 
rance system in specific areas are not necessarily resi-
dents of those areas, so a significant difference exists 
between the number of individuals insured under the 
NHS and the number of residents in an area. Thus, to 

avoid misunderstanding, data gathered by the Depart-
ment of Health shows a rather high ratio of the insured. 

5. Discussions 

Based on Equation (3) in this study, Table 3 shows the 
analysis for the 16 medical districts. The closer the per-
formance value calculated using Equation (3) is to 1, the 
fairer is the distribution of medical resources in that dis-
trict, resulting in more sufficient medical resources. How- 
ever, when the performance value is less than one, in-
cluding situations where it is much less than 1, that dis-
trict has an unfair distribution of medical resources, lea- 
ding to greater insufficiency. Therefore, if the efficiency 
value of all medical districts is near 1, the distribution of 
medical resources in each district is fair. Table 3 shows 
that, whether from the perspective of for-profit or non-
profit hospitals, medical districts with fair distribution of 
(i.e., sufficient) medical resources in 2006 included Tai- 
pei (Taipei City, Taipei County, and Keelung City), 
Yilan County, Taichung (Taichung City, Taichung 
County) and Peng-hu County. Based on the results of this 
study, it is not wise to establish a new hospital in a dis-
trict with sufficient medical resources, regardless of 
whether it is a for-profit or nonprofit hospital. Establish-
ing a new hospital in such an area means that it will face 
excessive competition. 

Copyright © 2010 SciRes.                                                                                    iB 



An Expert System Approach to Medical Region Selection for a New Hospital Using Data Envelopment Analysis 134 

 

 

Copyright © 2010 SciRes.                                                                                    iB 



An Expert System Approach to Medical Region Selection for a New Hospital Using Data Envelopment Analysis 135 

Table 3. Efficiency values and their ranks of distribution in medical treatment of each medical area in Taiwan 

For-profit hospital Nonprofit hospital 

Medical region 
2006 Efficiency 

value 
2006 Rank of 

Medical resources
2006 Efficiency 

value 
2006 Rank of 

Medical resources

Taipei (Taipei City, Taipei County and Keelung City) 1.0000 1 1.0000 1 

Yilan County 1.0000 1 1.0000 1 

Tyoyuan County 0.9823 6 1.0000 1 

Hsinchu (Hsinchu City and Hsinchu County) 0.9368 13 0.9981 10 

Miaoli County 0.9752 7 1.0000 1 

Taichung (Taichung City and Taichung County) 1.0000 1 1.0000 1 

Changhua County 0.9462 11 0.9974 13 

Nantou County 0.9353 14 0.9994 7 

Yunlin County 0.9859 5 0.9993 8 

Jiayi (Jiayi City and Jiayi County) 0.9717 8 0.9978 11 

Tainan (Tainan City and Tainan County) 0.9336 15 0.9960 16 

Kaoshong (Kaoshong City and Kaoshong County) 0.9433 12 0.9968 15 

Pingdong County 0.9544 9 0.9974 12 

Taidong County 0.9511 10 0.9985 9 

Hwalian County 0.9225 16 0.9969 14 

Penghu County 1.0000 1 1.0000 1 

 
Additionally, if the performance values of individual 

medical districts are all close to 1, from the perspective 
of nonprofit hospitals, the distribution of medical re-
sources in each medical district will be abundant, which 
seems clearly different from the perspective of for-profit 
hospitals. This situation applies because, regardless of 
the differences between medical districts in terms of 
medical resources, these differences have almost no ef-
fect on their survival rate. The Department of Health 
defines districts with less than 20 sickbeds per 10,000 
people as having insufficient medical resources. The 
present study found that, of the 16 medical areas, the 
fewest acute beds were found in YunLin County (20.76 
beds per 10,000 people) in 2006. Thus, no medical dis-
trict in Taiwan has insufficient medical resources. 

Notably, although Jiayi and Penghu Counties were as-
sessed as having insufficient medical resources, the per-
formance values of PengHu Counties in 2006 were 1.00, 
suggesting that the medical resources in Penghu Counties 
are sufficient. The government has regarded Jiayi county 
as seriously lacking medical resources, but if one exa- 
mines Jiayi (Jiayi City and Jiayi County) medical area, 
the medical resources have already been improved. 
Careful investigation shows that the number of doctors in 
Jiayi County increased 54% from 1997 to 2006, while 
the number of emergency sickbeds increased 66%. 
Therefore, upgrading the number of doctors and hospital 

facilities appears highly effective in maintaining suffi-
cient medical resources. Particularly after “God’s Help 
Hospital” was expanded and the Buddhist Tzu-Chi Dalin 
General Hospital and Chang Gung Memorial Hospital 
were established, Jiayi County appears to have already 
achieved sufficient medical resources. Penghu County is 
a separate island located off the coast of Taiwan, and the 
local government has been continuously and progres-
sively promoting and implementing the “Integration 
Medical Service Outsourcing Project for Off-shore Is-
lands Area of Penghu County,” which provides inte-
grated medical services, including outpatient services, 
emergency treatment, health-care planning, home health- 
care interviewing services, health education programs, 
and a patient referral system based on outsourcing and 
multiple solutions, thus helping maintain sufficient 
medical resources. In Penghu County, from 1997 to 2006, 
increases were achieved of 30% in the number of doctors, 
30% in the number of outpatients, and 65% in the aver-
age outpatient service fee. 

From the perspective of for-profit hospitals, the ranks 
of medical districts with the greatest insufficiency of 
medical resources in 2006 were Hwalian County, Tainan 
(Tainan City and Tainan County), Nantou County, Hsin- 
chu (Hsinchu City, Hsinchu County), Kaoshong (Kao- 
shong City and Kaoshong County), Changhua County, 
Taidong County, Pingdong County, Jiayi (Jiayi City and 
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Jiayi County), Miaoli County, Tyoyuan County, and 
Yilan County. From Figure 2, according to the first quar-
tile (Q1 = 0.9384), second quartile (Q2 = 0.9631), and 
third quartile (Q3 = 0.9965) of relative efficiency value, 
the 16 regions can be grouped into four areas. In the first 
group are those areas with sufficient medical resources 
(Taipei (Taipei City, Taipei County, Keelung City), 
Yilan County, Taichung (Taichung City, Taichung Coun- 
ty) and Penghu County). The second group is those areas 
of insufficient medical resources (Jiayi (Jiayi City, Jiayi 
County), Miaoli County, Taoyuan County and Yunlin 
County) with a relative efficiency value between the 
second quartile (Q2, 50%) and the third quartile (Q3, 
75%). The third group is those areas of scant medical 
resources (Kaoshong (Kaoshong City, Kaoshong Coun- 
ty), Changhua County, Taidong County and Pingdong 
County) with a relative efficiency value between the first 
quartile (Q1, 25%) and the second quartile (Q2, 50%). 
The fourth group is those areas with serious insufficiency 
of medical resources (Hwalian County, Tainan (Tainan 
City, Tainan County), Nantou County, and Hsinchu 
(Hsinchu City, Hsinchu County)), with a relative effi-
ciency value less than the first quartile (Q1, 25%). 

Using non-parametric methods, the Mann-Whitney 
test and the Kruskal-Wallis test, it was found that the me- 
dical efficiency values among the four groups was sig-
nificantly different, (Mann-Whitney P = 0.001; Kruskal- 
Wallis P = 0.002), which implies an unfair medical re-
source distribution among the four groups. Though the 
second group ((Jiayi (Jiayi City, Jiayi County), Miaoli 
County, Taoyuan County, and Yunlin County) has an 
acceptable level of medical resources, they are not suffi-
cient. The third group (Kaoshong (Kaoshong City, Kao- 

shong County), Changhua County, Taidong County and 
Pingdong County) has scant medical resources – less 
than the average level – and needs to improve as quickly 
as possible. The fourth group has a serious insufficiency 
of medical resources (Hwalian County, Tainan (Tainan 
City, Tainan County), Nantou County and Hsinchu 
(Hsinchu City, Hsinchu County)), and also needs to im-
prove as quickly as possible. Thus, for-profit hospitals 
should regard this area of very poor medical resources as 
a priority area to establish new medical facilities where 
they will not face excessive competition. 

In fact, it is difficult to consider Hsinchu medical dis-
trict as a place with insufficient medical resources, be-
cause of its high-tech industry image. But the “biomedi-
cal garden” of Hsinchu County has already been classi-
fied as 1 of 12 construction projects in the Loving Tai-
wan plan in 2008, and building is to commence in 2009, 
which should improve the medical resources of the 
Hsinchu area in the future. Other areas with insufficient 
medical resource include Nantou County, Hwalian 
County, Taidong County, and Pingdong County. In par-
ticular, Nantou County, Hwalian County, Taidong 
County, and Pingdong County have poor medical re-
sources in remote areas of all four counties; the hospital 
centers are in the city, which results in large differences 
in accessibility to medical treatment. The government 
always classifies Jiayi County, Penghu County, and 
Yunlin County as areas that need early improvement, but 
only the medical resources in Penghu County have been 
effectively improved, suggesting that the government has 
not been successful in improving the medical resources 
in every medical area. When selecting an appropriate  
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Figure 2. The relative efficiency of the distribution of medical treatment in every medical area of Taiwan  
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resources and the local traffic situation, which are disad-  
vantages faced by distant counties such Nantou, Ping 
location for a new hospital, the sufficiency of medical 
dong, Hwalian and Taidong County, should be the main 
considerations. Thus, the government should encourage 
the establishment of new private hospitals in Hsinchu 
(Hisnchu City, Hsinchu County), Miaoli County, Chang- 
hua County, Yunlin County, Jiayi (Jiayi City, Jiayi 
County), Tainan (Tainan City, Tainan County), and Kao- 
shong (Kaoshong City, Kaoshong County). In the cases 
of Nantou County, Pingdong County, Hwalian County, 
and Taidong County, the government still needs to offer 
sufficient incentives, for example, by providing govern-
ment scholarships to medical students, promoting expan-
sion projects for local public hospitals, and providing 
subsidies. 

6. Conclusions 

The value of this paper lies in evaluating the equality of 
the distribution of medical resources using the DEA mo- 
del, while also setting up an assessment model using an 
expert system that measures many indicators while avoi- 
ding subjective comparisons. This study is extremely 
helpful in expanding the theory of DEA modeling into a 
practical application related to medical economics and 
management policies. 

The medical regions in Taiwan with the greatest need 
to improve medical resources were listed individually 
based on the results of the DEA method. This study also 
illustrates how the DEA method may be implemented to 
assist decision-makers in avoiding risk and avoiding the 
establishment of new hospitals in medical districts with 
an excess supply of medical resources. These results may 
then provide a reference point for for-profit and nonprofit 
hospitals when selecting new hospital locations; and, for 
the government, these results are a guideline for develop- 
ing future medical policies. In particular, this study as-
sessed the equality of access indicator (percentage of peo- 
ple who can obtain medical treatment within an accepta- 
ble time) using a questionnaire survey. The purpose of 
the survey was to identify the time it took to obtain med- 
ical treatment that people found acceptable, which can 
more clearly reflect people’s perception of the accessibility 
of medical care, and serve as a convincing indicator of 
accessibility. Finally, this study proposes the following: 

1) Both the DEA method and the process mentioned in 
this study should be applicable when private medical 
institutes are seeking locations for new hospitals. These 
findings not only help to evaluate the actual differences 
before establishing new hospitals, but also to reduce un-
necessary risks resulting from excessive competition. 

2) The first priority for improvement are those areas 
with a serious insufficiency of medical resources, incl- 
uding Hwalian County, Tainan (Tainan City, Tainal 
County), Nantou County, and Hsinchu (Hsinchu City, 

Hsinchu County). Next, those areas with scant medical 
resources, including Kaoshong (Kaoshong City, Kao- 
shong County), Changhua County, Taidong County and 
Pingdong County), need improvement. Finally, areas 
with insufficient medical resources, including Jiayi (Jiayi 
City, Jiayi County), Miaoli County, Taoyuan County and 
Yunlin County, need to be addressed. 

3) Based on the study conducted here, the government 
should encourage private medical institutes to establish 
new hospitals in medical regions such as Taoyuan Cou- 
nty, Hsinchu (Hsinchu City, Hsinchu County), Miaoli 
County, Changhua County, Yunlin County, Jiayi (Jiayi 
City, Jiayi County), Tainan (Tainan City, Tainan County), 
or Kaoshong (Kaoshong City, Kaoshong County), where 
they can benefit from relatively low competition and a 
reasonable traffic situation. 

4) For regions in which traffic adversely affects acces-
sibility to medical treatment, such as Nantou County, 
Pingdong County, Hwalian County, and Taidong County, 
the government should continue providing incentives, 
such as scholarships to students, expanding the local pub-
lic hospital, and offering suitable subsidies. 

5) For medical regions with sufficient medical resou- 
rces, including Taipei (Taipei City, Taipei County and 
Keelung City), Yilan County, Taichung (Taichung City, 
Taichung County), and Penghu County, the government 
should consider delaying the establishment of new public 
hospitals and transferring public hospitals to private or-
ganizations, which would also reduce the government’s 
financial burden. 
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ABSTRACT 

This paper uses Saaty’s Analytical Hierarchy Process (AHP) to formulate the strategy framework for Vietnam’s State 
Securities Commission (SSC). In the first step, a questionnaire was designed to find Key Success Factors (KSFs) of the 
strategy of Taiwan Financial Supervisory Commission (FSC) by using the benchmarking technique. Criteria for ques-
tionnaire are carefully selected based on the Principles for securities market regulation set forth by the International 
Organization of Securities Commissions (IOSCO). The KSFs of FSC were then used to conduct a survey in the State 
Securities Commission of Vietnam (SSC). The data collected by AHP-structured pair wise comparisons were con-
structed into a computer-based program called Expert Choice. The result shows that top priority choice for SSC is to 
build up financial and operational capacity for securities firms, which in turn, will best support other alternatives. An-
other finding shows useful techniques in strategic management widely applicable in the business world can perfectly fit 
into the not-for-profit contexts in a way that it can help SSC reassessing and remodeling current flows of work in de-
veloping the nascent securities market to be the market that protect investors, insure fair, effective, transparent envi-
ronment and reduce market systemic risk. 
 
Keywords: Decision Analysis, Analytical Hierarchy Process, Benchmarking 

1. Introduction 

The securities and derivatives markets are vital to the 
growth, development and strength of market economies. 
They support corporate initiatives, finance the exploita-
tion of new ideas and facilitate the management of finan-
cial risk. Since retail investors are placing an increasing 
proportion of their money in mutual funds and other col-
lective investments, securities markets have become cen-
tral to individual wealth and retirement planning. Sound 
and effective regulation and market confidence are im-
portant for the integrity, growth and development of se-
curities markets. Hence, it is important to develop suit-
able strategy for securities market regulation - a common 
task for many securities market regulators while still at 
nascent stage in Vietnam. Accordingly, the need to de-
velop a well functioning securities market in Vietnam 
has been at government’s top agenda through recent 
years. However, since it is emerging and lack of syn-
chronous market development policy, it has been fore-

seen a considerable task for the State Securities Commis-
sion of Vietnam (SSC) in using its scarce resources in 
working out the best strategies. 

This study aims to analyze and design a formulation 
framework that used Analytical Hierarchy Process (A- 
HP), one of the most common used methods in prioritiz-
ing the elementary issues in a complex problem. A ques-
tionnaire was designed to find Key Success Factors 
(KSFs) by benchmarking FSC’s strategies. Criteria for 
questionnaire are carefully selected based on the Princi-
ples for Securities Market Regulation set forth by the 
IOSCO. The achieved KSFs were then used to conduct a 
survey in SSC. The data collected by AHP-structured 
pair wise comparisons were constructed into a computer- 
based program capable of running AHP. The result shows 
that top priority choice for SSC is to build up financial 
and operational capacity for securities firms, which in 
turn, will best support other alternatives. In this research, 
the authors’ work has also shown that useful techniques in 
strategic management widely applicable in the business 
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world can perfectly fit into the government or not-for- 
profit contexts. It has helped to create a strategy formula-
tion model for the SSC to make better decisions. 

2. Methodology 

2.1 The AHP Approach 

The AHP is a comprehensive framework, which is de-
signed to cope with the intuitive, the rational, and the 
irrational when we make multi-objective, multi-criterion 
and multifactor decisions with and without certainty for 
any number of alternatives [1]. The AHP has been ap-
plied to many complex problems with various decision 
analyses, which enable decision-makers to derive ratio 
scale priorities or weights as opposed to arbitrarily as-
signing them [2]. Many others recognize a very impor-
tant feature that AHP supports decision-makers by al-
lowing them to structure complexity, to exercise judg-
ment, and to incorporate both objective and subjective 
considerations in the decision process [3-5]. The AHP is 
also a novel decision analyzing approach that structures a 
problem using a hierarchy. It enables us to make effec-
tive decision on complex issues by simplifying and ex-
pediting human natural decision-making processes. Some 
other sees the AHP is the theory of measurement for 
dealing with quantifiable or tangible criteria that has 
found rich applications in decision theory, conflict reso-
lution and in models of the brain [1,6,7]. To illustrate this 
process in an easy way, Bagchi and Rao [8] define that 
this hierarchy starts with a top level containing the ulti-
mate objective of the problem. The sub-objectives, if any, 
constitute the next level, followed by the criterion vari-
able affecting the higher-level objectives. The bottom 
level of the hierarchy contains the options or alternatives. 
Therefore, each hierarchical level can be seen as being 
made up of elements (or criterion variables) that in turn, 
are decomposed into sub-elements that make up the next 
level of the hierarchy. 

Over the years, AHP has become one of the most 
widely used multiple criteria decision-making tools for 
researchers and decision makers. Many outstanding 
works have been published based on AHP in different 
fields such as planning, selecting best alternative, re-
source allocations, resolving conflict, optimization, etc., 
and numerical extensions of AHP [6-8]. The specialty of 
AHP is its flexibility to be integrated with different tech-
niques like Linear Programming, Quality Function De-
ployment, Fuzzy Logic, etc. This enables the user to ex-
tract benefits from all the combined methods, and hence, 
achieve the desired goal in a better way [9]. 

2.2 Benchmarking for Strategy Choice 

Using a benchmarking technique, the viability of various 
objectives and sub-objectives is evaluated for alternatives. 
In this paper, the benchmarking technique is based on the 

IOSCO’s principles for securities market regulation. The 
eight Core Principles are shown in the first column of 
Table 1. Each of these Core Principles has a number of 
criteria that are in the second column. Since it would be 
an enormous task to consider all the criteria, the only 
most significant criteria of each Core Principle are se-
lected by the Questionnaire surveyed in FSC. 

2.3 Strategy Formulation for SSC 

The various steps in the application of AHP for securities 
market regulation strategy choice will now be based on 
the data obtained from surveys in the SSC and constru- 
cted into computer program. 

2.3.1 SSC’s Mission and Values as Goals for Strategy 
Choice Model 

Extensive discussion and consultation with SSC man-
agement board has been done and IOSCO’s objective 
requirements have been carefully considered. For any 
securities market regulator, it is necessary to achieve 
these goals in order to fulfill the task of securities market 
regulation. The α-level objectives are as follows: 

1) Protection of Investors; 
2) Fair, Efficient, and Transparent Market; 
3) Reduction of Systemic Risk. 

2.3.2 Alternative Strategies for SSC 
The alternative strategies for SSC’s securities market 
regulation are:  

1) Increase Securities Supply; 
2) Increase Securities Demand; 
3) Build up Financial and Operational Capacity for 

Securities Companies; 
4) Strengthen Legal and Regulatory Framework; 
5) Improve Market Infrastructure; 

 
Table 1. The selected criteria corresponding to core princi-
ples are assigned to level β in the hierarchy 

Core Principles Criteria 
(a) Principles Relating to the 
Regulator 

Independence and Accountabil-
ity 

(b) Principles for Self-Regulation 
SROs subjected to authorization 
and oversight 

(c) Principles for the Enforcement 
of Securities Regulation 

Comprehensive enforcement 
powers 

(d) Principles for Cooperation in 
Regulation 

Effective information sharing 
mechanisms 

(e) Principles for Issuers 
Full, timely and accurate dis-
closure of information 

(f) Principles for Collective In-
vestment Schemes 

Proper and disclosed basis for 
asset valuation, pricing, and unit 
redemption. 

(g) Principles for Market Interme-
diaries 

Standard conduct of business 
rules 

(h) Principles for the Secondary 
Market 

Securities exchanges and trading 
systems subject to regulation 
and oversight 
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6) Develop Human Resource and Capacity. 
The rationales of the Alternatives are as follows: 
Rationale for Alternative 1 and 2: Inadequate security- 

ies supplies and demands: supplies are qualitatively and 
quantitatively weak. There are not any securities issued 
by potentially large corporations like joint stock comme- 
rcial banks, joint venture companies or general corpora-
tions but most are shares of privatized stated-own enter-
prises. Securities supplies are limited also due to the fact 
that depository shares which are qualified for trading 
accounts for only 40 percent of the listed stocks. On the 
other hand, bonds trading are so constrained even trad-
able volume is potentially large. In addition, listed com-
panies are in good financial positions but most do not 
have adequate capitals. Government owned rate is high 
in most of the companies further making the tradable 
shares in the stock exchange low. 

Rationale for Alternative 3: Limited intermediaries 
operations due to lack of professional and capable human 
resources of the securities companies. Most of securities 
companies exercise dealing and brokerage mainly. Other 
advanced services like underwriting and investment ad-
visory are limited in few companies. The services pro-
vided for investors are not yet in superior quality and 
mainly in the two biggest cities of Hanoi and Ho Chi 
Minh City. This does not support attraction of investors 
in other cities and regions throughout the country. Low 
public confidence: inadequate accounting and auditing 
systems in place together with limited perception of in-
formation disclosure causes low degree of public confi-
dence in the securities companies. 

Rationale for Alternative 4: Asynchronous securities 
market management: lack of comprehensive securities 
laws system revealed limitation and constraints in regu-
lating and administering the securities market in Viet-
nam. 

Rationale for Alternative 5: Ineffective structure of re- 
gulatory body and stock exchange operation model: cur-
rent model of the exchange is under SSC. Depository, 
registration, settlement and clearing are operations of the 
exchange and not effectively managing and controlling 
the securities market in the long run. Above-mention 
systems are done manually or semi-automatically, thus it 
has caused low efficiencies in the supervisory function of 
the securities market. 

Rationale for Alternative 6: A pool of technically trai- 
ned and professionally competent human resource is per- 
haps the single most important requirement for the devel- 
opment of Vietnam capital market. The scope of human 
resource development in capital market is wide, ranging 
from market participants in both public and private sec-
tors, from top policy makers and frontline regulators to 
intermediaries and investors. Thus, it is important for all 
stakeholders to collaborate in designing and delivering 
training programs with proper division of labor. 

2.3.3 Details of Analysis Procedure of AHP 
The AHP allows the decision maker to evaluate the crite-
ria and their alternatives. The scale of importance must 
be set up prior to the questionnaire in order to enable 
correct evaluation of the criteria. In this research, the 
scale of 1 to 9 adopted is given earlier. 

The designed questionnaire was delivered to key per-
sons in SSC management with strict emphasis on relative 
importance of the pairwise judgments. These pairwise 
comparisons are made in accordance with the computer 
program format and corresponding the choice of SSC 
key personnel in relation to how they think the criteria’s 
importance taking part in selecting the strategy for secu-
rities market regulation in SSC. 

The ten sets of pairwise comparisons questionnaire 
made from interviewing ten top management personnel 
were assembled into three groups, each of which having 
similar judgments. The represented pairwise comparison 
values were the average value of the group. The Partici-
pating Group 1 consists of three personnel at highest 
level of management level, the Participating Group 2 
consists of three personnel from middle management 
level, and the Participating Group 3 consists of four per-
sonnel from lower management level. The then average 
values are entered into the computer program. The result 
was combined automatically by the program to produce 
the result of the strategy model.  

The Hierarchy Model for the strategy formulation is 
shown in Figure 1. 

3. Results 

The decision-making methodology has been validated in 
the State Securities Commission of Vietnam. This was 
done by the structured pair wise comparison survey con-
ducted directly with leadership of the SSC. The data then 
was fed into the model and the results were analyzed 
using AHP method incorporated in the computer pro-
gram. The result shows that the top choice priority strat-
egy for SSC is to build up financial and operational ca-
pacity for securities companies. 

It is found out that the inconsistency ratio, which is a 
weighted average of the inconsistency ratios of Partici-
pating Group 1, Participating Group 2, Participating Gro- 
up 3, and combined results are .05, .06, .05, and .02, re-
spectively. This matches the requirement by AHP meth-
odology in constructing strategy formulation model that 
requires inconsistency of less than 1. The inconsistency 
measure is useful for identifying possible errors in judg-
ments as well as actual inconsistencies in the judgments 
themselves. Inconsistency measures the logical inconsis-
tency of judgments. This has shown the capability and 
knowledge of top management at SSC in providing 
judgments and has contributed to the successfulness of 
this research. 
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Figure 1. The hierarchy model for the strategy formulation 

 
The main objective of this study is to design, develop 

and formulate a strategy model for securities market reg- 
ulation using the analytical hierarchy process has been 
realized. First, the study has shown that strategy formula-
tion procedure in strategic management originally estab-
lished and mainly applied in business world could be 
well employed to establish formulation models in pub-
lic/government/not-for-profit organization context even 
in securities market industry, which has the most com-
plex nature in the world. Secondly, a strategic decision 
making procedure for securities market regulators based 
on various studies of decision-making analysis has been 
created. In addition, KSFs of FSC in relation to securities 
market regulation strategy have been successfully estab-
lished. The KSFs have been utilized as a benchmark to 
create a strategy formulation model for SSC. The strat-
egy choice model has been validated in the SSC through 
AHP-structured questionnaire. 

4. Discussion and Conclusions 

It has been a demanding task of the State Securities Com- 
mission of Vietnam to increase the number of qualified 
listed stocks in the Stock Exchange. Everyday, both the 
regulator and market participants can easily see small 
number of listed companies that represent a far too small 

percentage of GDP. Everybody for sure thinks about how 
to increase such a small number in order to have a lar-
ger-size securities market, which will truly be an alterna-
tive channel of equity capital procurement in the econ-
omy, and consequently, will boost privatization process 
and contribute to economic development of Vietnam. 

Currently, there are so many deficiencies in the regu-
latory environment and these create obstacles in increas-
ing number of listed firms as well as developing the se-
curities market. However, the authors view these defi-
ciencies are normal since securities market in Vietnam 
has been around since 2000. Even though a majority of 
judges in the survey gave favorable scores toward regu-
latory framework strengthening but the result came at a 
different focus – the securities companies. The synthesis 
with respect to goal: Securities Market Regulation Strat-
egy Priorities Choice is shown in Figure 2. 

After implementing the model in SSC for two years 
period with strategy focus on development of securities 
companies, a number of policies favor the healthy opera-
tions of securities companies has resulted in an increase 
from 13 companies in 2004 to 56 companies in 2008 and 
to 104 companies as of December 31st, 2008. In turn, the 
market has developed to a stage no one could ever expect. 
In respond to the new incentives, number of listed shares 
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in both exchanges has gone up to over 390 by end of 
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Figure 2. The synthesis with respect to goal: securities market regulation strategy priorities choice 

 
2008 from around 50 in early 2005 (exclusive of non- 
listed public firms); market capitalization increased from 
3% in 2005 to over 46% of GDP by end of 2008 (exclu-
sive of bond market). 

Joint stock and equitized companies lacked interest to 
go public because they did not appreciate capital mobili-
zation through securities market as compared with the 
traditional banking and government channels. In ad-
vanced market, intermediaries play a critical role in mak- 
ing market participants understand the tradeoffs by going 
public through consultancy and other services. In other 
words, with strong and active securities companies in 
place, good linkages between securities firms and cus-
tomers will be established which market confidence will 
be built upon. As a result, more companies will be likely 
going public, and more trading accounts will be open. A 
good securities firm system will better contribute to solve 
the problem for both securities supplies and demand. 
Once a more effective securities market has been realized, 
both in size and scope, relevant government authorities 
will better support the course of regulating the market as 
discussed later. This is how the strategy formulation 
model constructed in this study gives out the prevailing 
choice of “Building up Financial and Operational Capac-
ity for Securities Companies”. 

For AHP methodology, strategic management should 
utilize the analytical hierarchy process approach based on 
scientific principles and human judgment that can add- 
ress the complexity nature of the issues. A very critical 
stance is that in performing the survey at SSC and in 
constructing the model, the authors have observed that 
most SSC’s top management in making their pairwise 
comparisons with respect to different objectives in AHP 
structure emphasized much on the legal aspect. They 
argued that an incomplete legal framework could not 
support any activity in the market that could in turn help 

positively foster the securities market. However, truly 
from their point of views that the ever-important concept 
for securities market regulators is to protect investors’ 
rights and benefits, their consolidated decisions has 
turned out to be improving the quality of the market in-
termediaries – the securities firms as discussed earlier. 
By this way, the AHP approach using in strategy formu-
lation could have helped SSC management to arrive at a 
priority choice in a more persuadable manner while well 
managing their scarce resources. 

Through out this research, AHP appeared to have 
some limitation with regard to ambiguity in the selection 
of ratio in the inverse reciprocal matrix and in relation to 
determining consensus among a panel, each of which has 
selected a set of score in the pairwise comparisons. Gi- 
ven the case that all inconsistency ratios were over .1 or 
the model would have to use more than fifteen voters in a 
panel of decision makers, then it would be a massive task 
for the researcher in possible readjustment of the scores 
in pairwise comparisons. In such a situation, of course, 
the decision making finally would have incurred inaccu-
racy of priority weighting. Accordingly, it is desirable to 
further study of AHP to overcome its weakness. Once 
this task is accomplished, non-consensus among panels 
can be solved to help arriving at decisions that are more 
precise. 
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ABSTRACT 

Purpose – This paper describes a model for Customer care management in an automotive service industry. Design/ 
methodology/approach – Customer care management (CCM) model is developed using TQM techniques, Quality 
Function Deployment (QFD) and Six Sigma. The matrix structure in QFD is used to transform customer complaints 
into Critical-to-Quality (CTQ) parameters. By using Six Sigma DMAIC approach, the customer complaint parameters 
are analyzed for improvement. Findings – The application of CCM model in an automobile service industry has deter-
mined that the workload planning is the chronic problem for customer complaint. Further analysis through this model 
leads to restructuring of existing workload planning practice through a set of algorithms. Research limitations/impli- 
cations – CCM model lacks to accommodate the effect of relationship between rectification factors. Also competitor 
technical contemplation is not possible in this model. Originality/value – Customer is the focal point and early re-
sponse to their complaint is the key to success of every business. This paper has developed a structured complaint 
management practice which warrants the timely response to customer complaints and speedy resolution for survival in 
today’s customer driven market. 
 
Keywords: Customer Complaint, CCM Model, TQM, Six Sigma, QFD, Critical-to-Quality, DMAIC, Service Industry 

1. Introduction 

Customer is the focal point of every business [1]. The 
very existence of business depends on customer satisfac-
tion. Customer expects high quality services, even will-
ing to pay premium for better service [2]. From a custo- 
mer perspective, good service quality leads to long-term 
customer relationships measured by re-patronage and 
cross sales, also customer recommend the service to oth-
ers [3]. Services are fundamentally different from manu-
facturing; this difference contributes to the increased 
complexity of service quality [4]. Firms therefore make 
all efforts for providing high quality services to please 
customers. But in spite of best efforts an occasional com-
plaint is inevitable [5]. However a good recovery can 
turn angry, dissatisfied customers into loyal ones, again 
[6]. The key to success lies in recognizing the importance 
of responding fairly and effectively to customer com-
plaints [7]. Complaints are often a treasuring trove of in- 
formation leading to constructive ideas for improving 
and upgrading services in the future [8]. Researches in-
dicates that only a small number of dissatisfied custom-
ers actually complain and give the company an opportu- 

nity to correct itself. Others simply shift loyalties [9]. 
Hence it is become important to resolve complaints in a 
fair manner at the earliest instead of taking a defensive 
approach [10]. Structured customer complaint manage-
ment is one of the tenets for problem prevention in long 
term [11]. This paper attempts to develop one such cus-
tomer care management [CCM] model. In this model, 
speedy complaint resolution is aimed through Quality 
Function Deployment [QFD], a customer voice process-
ing technique and Six Sigma, a zero complaint process 
approach. This CCM model is introduced in an automo-
tive service centre to retain existing customers than to go 
scouting new ones. 

2. Quality Function Deployment 

Quality Function Deployment [QFD] is a technique to 
process customer complaints and translate them into pos-
sible factors for rectification [12]. The House of Quality 
matrix [HOQ] is the main component in QFD. It compri- 
ses customer information matrix [Horizontal portion] and 
technical information matrix [Vertical portion] as shown 
in Figure 1. In HOQ, customer complaints (WHATs) are 
plotted in horizontal and the rectification factors (HOWs)  
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Figure 1. House of quality matrix 

 
are correlated in the vertical. This matrix format felici-
tates examination, cross checking, analysis of informa-
tion, helps organization to set competitive targets and to 
determine the priority action issues [13]. 

3. Six Sigma 

In as early as 1987, Motorola initiated the Six Sigma pro- 
gram with a focus on the design of products and proc-
esses so that defects would almost never occur [14]. Six 
Sigma is a rating that signifies “best in class”, with only 
3.4 complaints per million [15]. Six Sigma examines 
quality, as defined by the customer, in order to focus on 
the requirements and expectations that are truly critical 
and measurable [16,17]. The most important methodol-
ogy in Six Sigma program is DMAIC (Define-Measure- 
Analyze-Improve-Control) as illustrated in Figure 2. 

In the Define phase, the problem to be solved is defin- 
ed, evaluated and selected based on a cost/benefit analy-
sis and a set of criteria determined by the upper man-
agement. Subsequently, in the Measure phase, the prob- 

lem is translated into a measurable form by means of 
Critical-To-Quality (CTQ) characteristics. The data per-
tinent to the problem is assembled and a baseline study is 
conducted. In the Analyze phase, a thorough diagnosis of 
the current situation is carried out to identify the major 
factors that may potentially influence the CTQs. In this 
phase, statistical tools, ranging from simple to advanced, 
play a key role. In the Improve phase, the project team 
designs and implements the solutions or adjustments to 
the process to improve the performance of the CTQs. 
Finally, in the Control phase, process management and 
the control systems are developed and adjusted to assure 
that the improvements are sustainable [18]. 

4. Customer Care Management Model 

Six Sigma basically operates on Critical to Quality Cha- 
racteristics [CTQs] which represents the customer’s com- 
plaints. Since the customer expectations are qualitative in 
nature, in CCM model, QFD is used to convert them into 
quantitative CTQ for the ease of complaint rec- tification 
and service improvement through Six Sigma. This model 
includes five distinct phases as shown in Figure 3 for 
managing complaints in sequence. In this model, QFD 
serves two purposes; one to transform the customer com-
plaints into attainable factor and two to define and de-
velop a problem statement. Hence in the DMAIC meth-
odology of Six Sigma, the define phase is overlapped 
with QFD. The output of QFD matrix analysis is directly 
fed to measure phase. 

The activities involved in each phase are: 
 In QFD phase, the customer and their complaints 

are identified through a structured survey method. Then 
it is processed against the possible rectification factors to 
determine the CTQ. 
 In measure phase, the CTQ is expressed in terms of 

sigma quality value for comparing the performance be-
fore and after improvement. 
 In analysis phase, the present performance gap is 

analyzed and suitable solution direction is indicated. 
 In improve phase, the present system is improved 

with identified solution as expected by customers. 
 In control phase, to sustain improvement, suitable 

control measure are identified and put in place. 
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Figure 2. DMAIC methodology 
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Figure 3. CCM model 

 
The possible achievements of this CCM model are; 
 It serves as good complaint recording technique. 
 Well organized system of sorting and recording 

complaint data assures customer concerns effectively. 
 It provides policy and procedural review to top 

management for complaint revival. 
 It empowers the front line staff in the organization 

to handle customer complaints in the most appropriate 
manner. 
 It avoids the misunderstanding of complaints. 
 Payback is greater than the cost of customer dissat-

isfaction. 

5. Case Study 

A case study is done in an automobile service industry 
engaged in passenger car care process with principle au-
thorization. The company is highly sensitive to customer 

satisfaction issues and reacts quickly to the complaints 
they consider to be CTQ. This practice allows them to 
keep ahead of the competition though there is rapid 
growth in vehicle population in recent days. The cus-
tomer complaints also rose up in the vertical axis which 
put the company into hurdle. Even though the custom-
ized approaches are in-force for addressing the customer 
problems within the company, they struggle to address 
grievances. The CCM model is proposed for customer 
complaint management and service recovery. The further 
sections explain the case study analysis with CCM model 
in phase wise. 

5.1 QFD Phase 

This phase comprises two sub processes namely Cus-
tomer information appraisal and Company information 
appraisal as depicted in Figure 3. 
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Customer information appraisal: This process in-
volves the following steps as illustrated in Figure 4. 

Cross Functional Team [CFT] Setting: CFT compris-
ing all department personals is constituted to identify the 
customers and their complaints. 

Customer Survey: With prior management approval, 
the customers are surveyed with questioner formats in 
such a way that every customer is being asked about 
what is the present complaint/reason for dissatisfaction, 
what they expect, how best the competitors are perform-
ing than the company and overall performance of the 
company. 

Customer Information Processing: From customer 
feedbacks, the customer complaints are processed with 
their importance level. Importance Level [IL] is a scale 
value in which 1 indicates least importance where as 9 
indicates most important complaint. IL is a useful meas-
ure to prioritize the qualitative customer complaints bas- 
ed on the reported frequency and their impact on custom- 
er satisfaction. Since the customer survey includes per-
formance evaluation of the competitors, it is rated against 
each of the customer complaints. The rating varies from 
1 for poor performance to 5 for better performance. The 
ratings are obtained directly from the customers during 
the initial survey. 

Table of Customer Complaints: All the complaints are 
tabulated with their IL value and Competitor ratings as 
shown in Table 1 and followings findings are consoli-
dated. 

Competitor rating indicates: 
 With respect to late vehicle delivery, the competitor 

X and the company are rated equal where as the com-
petitor Y is rated poorer than them. 
 Regarding the cost of service, the competitor Y and 

the company are rated equally and competitor X is given 
rating 2 which indicates service cost of competitor A is 
higher than the rest. 
 In hospitality complaint, the competitor X is rated 

good where as competitor Y and the company are rated 

poorer equally than X. 
 For poor off-road service, all the three companies 

are rated equally with rating 4. For poor accident assis-
tance, the surveying company is rated as good than com-
petitor Y, poor than competitor X. 
 The surveying company is rated as good than others 

for Annual Maintenance Contract [AMC] problems. 
 Also as for as concerned with service quality, the 

company is rated as good than competitors with rating 4. 
The unique feature in this model is that the Importance 

Level and competitor rating not only helps to prioritize 
the qualitative customer complaints, but also used to con- 
verge further analysis in such a way that; 
 With respect to the level of importance, the compla- 

ints, late vehicle delivery, high cost of service and poor 
service quality are found more precedence and needs 
further attention to enhance customer satisfaction. 
 Even the complaints with IL below 5 has certain 

impact on customer satisfaction, it is given least attention 
in CCM model than complaints with IL more than 5. 
 With respect to competitor rating, the company is 

rated equally with both competitors for late vehicle deliv- 
ery and high service cost problems. In the view of lead-
ing the market competition, the company has to strive 
 

Table 1. Table of customer complaints 

Competitor Rating
[1 – poor  5 - good]

Complaints 
Importance 

Level 
[1 to 9 ] 

X Y 
Our

s 
Late vehicle delivery 9 3 2 3 

High cost of service 7 2 4 4 

Poor Hospitality 4 5 2 2 

Poor off-road Assistance 4 4 4 4 

Poor accident assistance 5 5 3 4 

Unfair AMC 2 3 3 5 

Poor service Quality 8 3 3 4  
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Figure 4. Customer information appraisal 
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immediately before the competitors. But in case of ser-
vice quality complaint, even though the company does 
well than competitors, the customer expects still more. 
Hence any little improvement in service quality may 
have large impact in customer satisfaction.  

Hence the further analysis is focused with complaints 
as altered in Table 2. 

Company Information Appraisal: This process is 
aimed to identify the rectification factors pertaining to 
short-listed customer complaints listed in Table 2. This 
process involves the following steps as shown in Figure 
5. 

Cause and Effect Study: This study determines the me- 
asurable factors which influences customer satisfaction. 
The rectification factors are identified by using cause and 
effect diagram as shown in Table 3. 

Rectification factors listing: After identifying the poss- 
ible rectification factors, it is arranged across the top por-
tion of the HOQ matrix as depicted in Figure 6. 

Value Relationship: In order to know the value judgm- 
ent of impact of the identified factors, the inter relation-
ship between factor and complaint is assessed. The rectif- 
ication factors are assigned weight age; 5 for strong rela-
tionship, 3 for moderate relationship and 1 for weak relat- 
ionship. Each factor is assessed its relationship nature with 
every complaints and awarded weight age accordingly. 

Table 2. Altered table of customer complaints 

Competitor Rating 
[1 – poor  5 - good] Complaints 

Importance 
Level 

[1 to 9 ] 
X Y Ours

Late vehicle delivery 9 3 2 3 

High cost of service 7 2 4 4 

Poor service Quality 8 3 3 4 

 
Table 3. Cause and effect study 
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Figure 5. Company information appraisal 
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Figure 6. Rectification factors in HOQ matrix  
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Thus the relationship value is filled in the matrix as 
shown in Figure 7. 

Factor Priority Identification: In order to spot out the 
most influencing factor for customer satisfaction, priority 
is established to rectification factors. The priority weight 
age is calculated using factor relationship value and 
complaint IL value. For rectification factor “Insufficient 
man power” the relationship values are (5, 1, 3) and com- 
plaint IL values are (9, 7, 8) respectively. The priority 
weight age is (5 × 9) + (1 × 7) + (3 × 8) = 76. Similarly 
the priority weight is calculated and recorded at the bot-
tom of the matrix as shown in Figure 8. The factor ‘Poor 
work load planning and scheduling’ is identified as CTQ 
since it scores highest priority weight 106. The CTQ 
identified has strong influence in customer vehicle deliv-
ery commitment and service quality, has moderate influ-
ence in service cost. 

As summarized in Table 2, the competitor rating cle- 

arly indicates that the surveying company and competitor 
X are doing equally well than competitor B in maintain-
ing delivery schedules, whereas, with respect to service 
quality, the company is already rated well than competi-
tors. Since the CTQ has strong influence in delivery 
schedules and service cost, any small extent of improve-
ment in CTQ may have greater influence on customer 
requirements and in turns makes the company to lead 
competition well in advance than others. 

5.2 Six Sigma 

The output of QFD phase is taken as input to Six Sigma 
measure phase in CCM model. 

Measure Phase: After identifying the CTQ factor 
through QFD process, further analysis is carried through 
Six Sigma process. Measure phase is the initial phase in 
which quantifying the factor is sought. This objective is 
done through the following steps as shown in Figure 9. 
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Figure 7. Rectification factors with relationship value 
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Figure 8. Priority weight for rectification factors  
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Metric Identification & Data Collection: The present 
work load planning and scheduling activity is measured 
in terms of work force and No. of days respectively. The 
workforce hierarchy in the company comprises section 
supervisors provided with skilled and semi skilled la-
bours. The available labour force in car servicing centre 
is 6 section supervisors with 24 skilled and 40 semi 
skilled labours. Presently the work is scheduled on FCFS 
(First Come First Serve) basis. The incoming car ranges 
from 25 to 30 per day. The time taken by a car from the 
arrival to delivery after service inside the company in-
cludes time taken by supervisor to attend first, time taken 
to prepare job card, time taken to prepare estimate, time 
taken for repair work and time taken to pay for service. 
Any delay in time taken for any one or more of above 
mentioned tasks results in customer complaints. Time 
taken to service the car is associated in either ways to 
delay in delivery and service quality, if the repair time is 
more, then the delivery may not at the committed time 
where as if the service time is less, then the quality of 
service may not be assured. 

Analyze Phase: with available information regarding 

work load and labour force availability, this phase works 
out to determine the solution possibilities. It involves 
analysis of workload planning, scheduling, and develop-
ing improvement strategy as shown in Figure 10. 

CTQ Data Analysis: The overall workload to the com-
pany comprises of free service, paid service, body work 
and accident repairs. Since the company is an authorized 
dealer, many of the service requests from the customers 
belong to free service category (under warranty). Having 
a check, the incoming vehicle mixture for a period of 
past 3 months, it seemed that the 50% was occupied by 
free service vehicles out of an average incoming of 30 
cars. As the free service request is comparatively more, it 
becomes obvious to look into the labour structure of free 
service department. In the company, the free service de-
partment is equipped with one service supervisor and 
four teams of labour; each team contains a skilled me-
chanic and two semi skilled helpers. The supervisor ac-
cepted the car for service work and allots it to any one 
the four teams depending upon the workload already 
assigned to that team. 

Improvement Strategy: The reason for poor workload 
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Figure 10. Six sigma analyses phase 
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sharing in this practice is that it is purely depends on the 
judgment of the respective supervisor. Even though the 
authorizing principle has provided standard labour sch- 
edules for service requests, the supervisor may not be in 
position to work out the total workload of each car when 
it arrives because of unknown pattern of car incoming 
and non standard works. This results in both overloading 
and under loading of teams, finally ends with customer 
complaints. 

Improve Phase: In this phase, the strategy for im-
proving performance is planned as shown in Figure 11 
and executed in the following steps. 

Improvement Planning: To improve the workload 
planning of free service department, an algorithm is de-
veloped for calculating the incoming workload. This al-
gorithm felicitates the determination of incoming work 
load and department level workload of the company. The 
workload calculation aids the supervisors to commit the 
positive due date. It is also equally important to develop 
a solution for the problem of worker loading in the fleet. 
To handle work assigning task in a systematic way, an 
algorithm is developed to assist the work assigning task 
of section supervisors. 

Solution Methodology: It is proposed to calculate the 
work load of the incoming car on receipt. Work load is 
expressed in terms of hours required to perform. For 
regular and routine service related enquiries, the com-
pany is already supplied the time standards by their prin-
ciples. For non standard works, the approximate time 
required to complete is estimated with the help of ex-
perience of service personals. 

Work Load Planning Algorithm: 
Let 
N = Number of incoming cars per day. 
n = Number of jobs reported in a car. 
Tj = Time to complete job ‘j’ in terms of Hours 
Wi = Workload of car ‘i’ in terms of hours. 

Wd  = Total workload per day per department in terms 
hours. 

On receipt of a car into to service centre, the informa-
tion related to jobs are collected through work order form 
by the section in-charge. Then the workload is calculated 
with available standard time schedules as follows; 

j
1

[T ]


 
n

i
j

W 〖 〗                  (1) 

where   Wi = workload of car ‘i’ 
       j = repair job 
       n = Total jobs reported 
       Tj = time to do job ‘j’ 

i
1

[W ]


 
N

d
i

W 〖 〗                  (2) 

where  Wd = workload of the department 
     Wi = workload of car ‘i’ 
     N = Total incoming cars per day 
The company begins its day to day work at 08.30 am 

with lunch break for 1 hr and tea break for 15 mins in 
either sessions and closes works at evening 6.00 pm. The 
available labour time per day is 8 hrs per team. Hence the 
total work time available for free service department is 
8hrs × 4 teams = 32 hrs. With the available work time, 
the free service department can service cars with maxi-
mum workload of 32 hrs per day with four teams. But in 
practice, time spent for non-work activities like tool sea- 
rch, power failure, work hazards, time to procure spares 
from store etc not allows to complete maximum work-
load of a day. Hence, whiling calculating the workload of 
car, some standard allowance is added at the rate of 10% 
of the workload of the car to accommodate above said 
non-work events. Also for the vehicle arriving just before 
the tea break or lunch break, the break time is added with 
service time to obtain actual workload of the car. 
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Figure 11. Six sigma improve phase 
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Hence Equation (1) becomes 

j
1

[T
n

i
j

W


 〖 〗         (3) 

where Ta = Allowance time 

Tb = Break time 

Calculating the actual workload of incoming car by 
using above Equation (3) enables the section supervisor 
to calculate total workload of the department on that day, 
so that he can commit the delivery schedule to the cus-
tomer easily and preciously. If any previous day’s work 
kept pending and to be carried out on next day, the same 
may be suitably added with the total workload of the 
department before committing the delivery time to the 
fresh customers. 

Work Load Scheduling: 
Calculating the workload and committing the delivery 

time accordingly is very tough to increase the effective-
ness of the workload scheduling of the department or 
company, but effective and efficient work assigning to 
team is important to achieve the delivery commitments 
with work quality. To develop an effective assigning 
method, it is assumed that each team can handle one car 
at a time. With this assumption, the following algorithm 
is developed. 

Let 
M = number of teams 
Wx = workload assigned to team ‘x’ 
With assumption that all the teams are free, the fol-

lowing sample work assigning illustrates how to schedule 
workloads among team in a systematic way as depicted 
in Figure 12. 
 Assign workload W1 = 2 hours to team 1. Now 

team 1 is loaded until 10.30 am. 
 Assign workload W2 = 1.5 hours to team 2. Now 

team 2 is loaded until 10.00 am. 
 Assign workload W3 = 3 hours to team 3. Now 

team 3 is loaded until 11.30 am. 
 Assign workload W4 = 6 hours to team 4. Now 

team 4 is loaded until 02.00 pm. 
Now all the teams are given work and team 2 is in the 

position to complete earlier than team1. Next workload 
should be assigned to team 2. Hence 
 Assign workload W5 = 4 hours to team 2. No team 

2 is loaded until 02.00 pm. 
Now team 1 is in the position to complete earlier than 

team 3. Any next workload should be assigned to team 1. 
In this way, the available teams are equally shared with 
incoming workloads. This approach felicitates the work-
load sharing process as well as helps to identify the 
teams which can take up with fresh work after the execu-
tion of the existing service works. Further it helps to ob-
tain the delivery schedules by using the time scale. 
Strictly adhering to workload norms and effective work 
assigning practice leads to improvement in overall ef-
forts. 

Control Phase: To sustain the improvement activities 
for ever, good monitoring system is important to control 
the workload determination process and workload as-
signing activity of each department in the company. In 
this phase, the control measures are identified and a con-
trol plan is devised to achieve the objective as shown in 
Figure 13. 

Control Measure Finding: the customer complaints 
are highly dynamic in nature and require continuous 
knowledge update to solve then and there. To sustain the 
advantage of this model, the following control measures 
are identified and put in force for result; 
 Periodic brainstorming sessions to share difficulties 

faced in this new approach. 
 Continuous watch on customer complaint. 
 Top management involvement. 
 Regular motivational and technical training for su-

pervisors to promote their skill and work involvement. 
Control Planning: The approved thump rule of 50% 

improvement in the first effort of new Six Sigma drive is 
applied here to set the target which should result from the 
improve phase. 

 

 

Figure 12. Work load scheduling 
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Figure 13. Six sigma control phase 

 
6. Concluding Remarks 

This study has developed a customer care management 
[CCM] model by using the conceptual features of QFD 
and Six Sigma. This model is proposed in an automotive 
service company to manage customer complaints. At the 
end of QFD phase, the ‘work load planning and schedul-
ing’ was identified as CTQ. Through the four sub phases 
of Six Sigma, the CTQ is analyzed. In this improvement 
drive, work load calculation algorithm and work load 
assigning practice were developed to solve predominant 
customer complaints. In this new approach, the inter re-
lationships between solution factors are not considered. 
Naturally in some cases improvement of one factor may 
have impact on another factor either to improve or to 
worse. Also, in the QFD analysis, the rectification factors 
are not evaluated against competitors as done for cus-
tomer complaints. But it is one of the important analyses 
for companies to keep competitive edge. Since it is prac-
tically not possible to do competitive analysis for rectifi-
cation factors, instead of that is may be advisable to look 
for innovative solution possibilities. This may be accom-
plished by adding the features of an innovative technique 
like TRIZ in CCM model. Further research exertion may 
please be extended to study the possibilities for accom-
modating the nature of relationship between the solution 
factors and innovative features in the CCM model. 
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ABSTRACT 

This paper discusses the comparison of two different heuristics for total covering problem. The total covering problem 
is a facility location problem in which the objective is to identify the minimum number of sites among the potential sites 
to locate facilities to cover all the customers. This problem is a combinatorial problem. Hence, heuristic development to 
provide solution for such problem is inevitable. In this paper, two different heuristics, viz., GA based heuristic and 
GRASP based heuristic are compared and the best is suggested for implementation. 
 
Keywords: Genetic Algorithm, GRASP, Total Covering Problem, Boolean Operators, Care and Share Operator 

1. Introduction 

Consider a sales region of a product, which in turn has 
different customer regions. The company selling the pro- 
duct should fix necessary number of dealer points such 
that the customers in that sales region are fully served. 
The company may fix a maximum of say 5 km of dista- 
nce for the customers to reach a given dealer point from 
his/her region (customer region). In this process, a given 
customer may be covered by more than one dealer point. 
The objective is to locate the minimum number of dealer 
points in the sales region under consideration such that 
those dealer points cover all the customers regions. 

Here, the process of serving a customer region by a 
dealer point is called as covering that customer region by 
that dealer point. The word “cover” means that the loca-
tion of a customer is well within the given upper limit for 
the distance from a facility-location from where that cus- 
tomer will be served. Here, the objective is to locate fa-
cilities at minimum number of sites to cover all the cus-
tomers. Such problem is known as total covering prob-
lem [1]. 

Consider a problem in which dealer points are to be 
located to serve the customers in a sales region. Assume 
that there are six customer regions, which are to be cov-
ered by dealer points. In this problem, five potential lo-
cations are identified for locating dealer points. The dis-
tance matrix between the customer regions is as shown in 
Table 1. 

Now, a distance criterion of say, 5 km is assumed. This 

means that no region in the sales region is beyond 5 km 
from a site where a dealer is located. Based on this as-
sumption, a covering coefficient is defined as shown be-
low. 

Let,        ij 1c  , if  ij 5d k m

0 , otherwise 
where, cij is the covering coefficient for the customer 
region i and the potential dealer point j and dij is the dis-
tance between the customer region i and the potential 
dealer point j. Based on this definition of covering coef-
ficient, the corresponding covering coefficient matrix is 
shown in Table 2. 

A careful examination of the Table 2 reveals that if 
the potential site 1 and the potential site 3 are assigned 
with dealers, all the six customer regions in the sales re-
gions will be fully covered. As per this coverage, the 
potential site 1 will cover the customer regions 1, 2 and 4 
and the potential site 3 will cover the customer regions 
 
Table 1. Distance matrix of locating dealer points (distance 
in km) 

Potential Dealer site j 
 

1 2 3 4 5 

1 3 6 4 6 12 
2 5 7 2 3 7 
3 11 4 3 15 6 
4 4 5 6 11 4 
5 15 9 5 5 9 

Customer Region i

6 14 12 2 16 13 
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Table 2. Covering coefficients matrix of locating dealer points 

Potential Dealer site j 
 

1 2 3 4 5 

1 1 0 1 0 0 

2 1 0 1 1 0 

3 0 1 1 0 0 

4 1 1 0 0 1 

5 0 0 1 1 0 

Customer Region i 

6 0 0 1 0 0 

 
1, 2, 3, 5 and 6. The customer regions 1 and 2 are cov-
ered by the facilities from both the selected potential sites. 
This is an example of multiple-coverage of some custom- 
mers by a set of facilities. The different examples of total 
covering problem are shown in Table 3. The total cover-
ing problem falls under combinatorial category. Hence, it 
is inevitable to design an efficient heuristic to obtain near 
optimal solution. In this paper, an attempt has been made 
to develop and compare a genetic algorithm based heu-
ristic and a GRASP based heuristic for the total covering 
problem. 

2. Review of Literature 

The covering problem comes under the facilities location 
problem. The covering problem can be classified into total 
covering problem and partial covering problem. The ob-
jective of the total covering problem is to cover all the 
customers with the minimum number of facilities whereas 
the objective of the partial covering problem is to cover 
as many customers as possible with the minimum num-
ber of facilities without exceeding the limit on the utmost 
number of facilities to be operated as suggested by the 
management. In this research, the total covering problem 
is considered. 

Toregas et al. [2] have developed a liner programming 
model to solve the traditional set covering problem with 
equal cost in the objective function. Patel [3] has used 
dynamic programming approach for locating rural social 
service centers for the Dharampur taluka in South Guja-
rat in India. Klastorin [4] has solved the conventional 
set-covering problem by mapping it into an assignment 
problem. Saatcioglu [5] has used a mathematical model 
for airport site selection based on Turkish data. Neebe [6]  

 
Table 3. Examples of total covering problem 

S.No. Problem Customers 
Facilities assigned to 

potential sites 
Criterion Objective 

1 
Location of  
schools 

Residential regions Schools 
Maximum distance of  
5 kilometers 

To locate minimum number 
of schools to cover all the 
residential regions 

2 
Location of raw 
material  
warehouses 

Muti-plant in an 
organization 

Raw material  
warehouses 

Maximum of 30 kilometers 
To locate minimum number 
of warehouses in a state to 
cover all the plants 

3 
Location of 
dealers of 
automobiles 

Residential regions 
Dealer locations for 
automobiles of a 
company 

Maximum of 10 kilometers 
To locate minimum number 
of dealers  to cover all the 
residential regions 

4 
Location of 
emergency food 
grain stations 

Residential regions 
Emergency food grain 
stations 

Maximum of 150 kilometers 

To locate minimum number 
of emergency food grain 
stations to cover all the resi-
dential regions in the event 
of a disaster. 

5 
Location of 
emergency relief 
vehicle station 

Railway  
subdivisions 

Emergency relief 
vehicle station 

Maximum of 100 kilometers 

To locate minimum number 
of emergency relief vehicle 
stations to cover all railway 
subdivisions in a division. 

6 

Variety reduction 
in a fasteners  
producing  
company  

Actual required 
diameters of steel 
rod for making 
fasteners 

Available diameters 
of steel rods at raw 
material stage 

If the required diameter of a 
fastener is less than or equal 
to an available diameter of 
steel rod, then the fastener of 
the required diameter can be 
made using that available 
diameter of steel rod 

To determine minimum 
number of sizes (diameters) 
of available steel rods to 
make all the fasteners. 
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has developed a procedure for locating emergency-ser- 
vice facilities for all possible response distances. Panne- 
erselvam [7] has developed a heuristic procedure for the 
total covering problem. Rajkumar and Panneerselvam [8] 
have improved the work of Panneerselvam [7]. Later, 
Panneerselvam [9] has developed an efficient heuristic 
for the total covering problem. O’kelly [10] demonstrated 
the use of covering problem for locating interacting hub 
facilities. Hubs are central facilities, which act as switch-
ing points in networks connecting a set of interacting nodes. 
Boffey [11] has discussed the location problems arising 
in computer networks. 

Chan et al. [12] have developed a branch and bound 
algorithm with multiplier adjustment for the traditional 
set-covering problem. Chaovalitwongse, Berger-Wolf, Das- 
gupta and Ashley [13] have conducted a simulation study 
of their proposed algorithm to demonstrate that their com-
binatorial approach is reasonably accurate. The results 
suggests the proposed algorithm would pave a way to a 
new approach in computational populations genetics as it 
does not require any a priori knowledge about allele fre-
quency, population size, mating system or family size 
distributions to reconstruct sibling relationships. To extract 
the minimum number of biologically consistent sibling 
groups, the proposed combinatorial approach is employed 
to formulate this minimization problem as a set covering 
problem. 

Pelegrin, Redondo, Fernandez, Garcia and Ortigosa [14] 
have proposed genetic like algorithm, GASUB for finding 
the global optima to discrete location problems. The au-
thors claim that the algorithm finds the predetermined 
number of global optima, if they exist, for a variety of 
discrete location problems. GASUB has been compared 
to MSH, the multi start substitution method and found 
that it gave better solutions than MSH. Alumur, Kara and 
Karasan [15] have classified and surveyed the hub loca-
tion models, including the recent trends on hub location 
and provided a synthesis of the literature. The hub loca-
tion problem is concerned with locating hub facilities and 
allocating demand nodes to hubs in order to route the 
traffic between origin-destination pairs. Hubs are special 
facilities that serve as switching, transshipment and sort-
ing points in many—to—many distribution systems. 

Marianov, Mizumori and Re Velle [16] proposed a new 
heuristic, called heuristic concentration—integer (HCI). 
The authors have applied the algorithm to the maximal 
availability location problem (MALP) and the solutions 
are compared to those obtained using linear programming 
with branch and bound. They claim that HCI could find 
good solutions to the problems in a reasonable time 
compared to LP-IP solutions. Francisco, Antonio and 
Glaydston [17] have presented a solution procedure for 
probabilistic model using column generation having con-
straint in waiting time, queue length for congested system 

with one or more servers per service center for the maxi-
mal covering location—allocation problems. The authors 
claim that the results were obtained in reasonable time. 
Batanovic, D. Petrovic and R. Petrovic [18] have consid-
ered the maximum covering location problems in net-
works in uncertain environments. They have proposed 
three new algorithms for choosing the best facility loca-
tions assuming that the demands at all nodes are equally 
important, the relative weights of demands at nodes are 
deterministic and weights of demand at nodes are impre-
cise. The algorithms are based on searching among po-
tential facility nodes by applying comparison operations 
on discrete fuzzy sets. 

The review of literature indicates that the researchers 
have developed mathematical models, branch and bound 
algorithms and heuristics. Since, the total covering prob-
lem comes under combinatorial category, the development 
of an efficient heuristic is inevitable. In this paper, the 
researchers have proposed a genetic algorithm based heu-
ristic and a GRASP based heuristic for total covering prob-
lem and compared their performances. 

3. Mathematical Model of Total Covering 
Problem 

In general, all emergency/ essential service related situa-
tions are formulated as total covering problems. 

A mathematical model of the total covering problem is 
presented below. 

Let, m be the number of customers; 
n be the number of potential sites; 
cij be the covering coefficient for the customer i and 

potential site j 
Minimize jZ x    

Subject to 

ij j
j 1

1
n

c x


  for i = 1 to m. 

where, 
xj = 1, if the potential site j is assigned with a facility; 

= 0, otherwise, for j = 1, 2, 3,…, n. 
The objective function minimizes the total number of 

sites selected for assigning facilities. The constraint i ens- 
ures that each customer is served/covered by at least one 
selected potential site which is assigned with a facility. 

4. Development of Heuristics 

The total covering problem falls under combinatorial cate-
gory. Hence, it is inevitable to design an efficient heuris-
tic to get near optimal solution. In this paper, the authors 
have made an attempt to develop a Genetic Algorithm 
(GA) based heuristic and a Greedy Randomized Adaptive 
Search Procedure (GRASP) based heuristic to obtain global 
optimum solution for the total covering problem. 
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4.1 GA Based Heuristic 

Genetic algorithm is a meta-heuristic, which is used to find 
the solution to any combinatorial problem. It mimics the 
mechanism of selection and evolution. In order to achieve 
the objective, GA generates successive population of alter-
nate solutions until obtaining a solution, which yields ac-
ceptable result. Within the generation of each successive 
operation, an improvement in the quality of the individ-
ual solution is achieved. Hence, GA can quickly move to 
a successful outcome without determining every possible 
solution to the problem. The procedure used in the ge-
netic algorithm is based on the fundamental processes that 
control the evolution of biological organisms, namely, natu-
ral selection and reproduction. 

Organism’s ability to survive within its environment is 
improved by the two processes as explained below. 

1) Natural selection determines which organism has the 
opportunity of reproduction and survival within a popula-
tion. 

2) Reproduction involves genes from two separate in-
dividuals combining to form offspring that inherit the 
survival characteristics of their parents. 

This section presents a genetic algorithm based heuris-
tic for total covering problem. The genetic algorithm has 
two major operations, viz. crossover operation and muta-
tion. Consider the covering coefficient matrix, which is 
already shown in Table 2 and the same is reproduced in 
Table 4. 

4.1.1 Crossover Operation 
In this section, the crossover operation which is perfor- 
med on two chromosomes to produce offspring is prese- 
nted. To explain this operation, the encoding of the given 
covering coefficient data into chromosomes is as presented 
below. 

The 0-1 entries in each of the rows of the covering co-
efficient matrix are treated as a chromosome. A zero en-
try in a chromosome represents non-allocation of facility 
to the respective potential site and one entry in that chro- 
mosome represents allocation of facility to the respective 
potential site. So, the sequence of 0-1 entries in each chromo-  
 
Table 4. Covering Coefficients Matrix of Locating Dealers 

Potential site j 
 

1 2 3 4 5 

1 1 0 1 0 0 

2 1 0 1 1 0 

3 0 1 1 0 0 

4 1 1 0 0 1 

5 0 0 1 1 0 

Region i 

6 0 0 1 0 0 

some represents the values of the decision variable xj, for 
j = 1, 2, 3, …, n, where xj = 1 if the potential site j is as-
signed with a facility; otherwise, it is equal to 0 and n is 
the total number of potential sites. So, entries in each 
chromosome give one possible solution to the total cov-
ering problem. 

If the given problem has m customers, then the initial 
population will have m chromosomes. For the given prob-
lem, the chromosomes of the initial population are as 
listed below and each chromosome is treated as a binary 
number. 

Chromosome 1:  1 0 1 0 0 
Chromosome 2:  1 0 1 1 0 
Chromosome 3:  0 1 1 0 0 
Chromosome 4:  1 1 0 0 1 
Chromosome 5:  0 0 1 1 0 
Chromosome 6:  0 0 1 0 0 
The crossover operation is done using the following pairs 

of Boolean operators: 
1) Logic OR and Logic AND 
2) Odd shift before Logic OR and Logic AND 
3) Even shift before Logic OR and Logic AND 
4) Logic OR and odd shift before Logic OR 
5) Logic OR and even shift before Logic OR 
6) Logic AND and odd shift before Logic AND 
7) Logic AND and even shift before Logic AND 
While the offspring are created using the above pairs 

of crossover operators, if any one offspring is infeasible, 
then it is replaced with a feasible offspring, which will be 
created by Care and Share crossover operation. 

4.1.2 Evaluation of Offspring 
Consider an offspring “1 0 1 0 0”. Its evaluation is done 
as presented in Figure 1. The genes of the offspring are 
positioned in the respective order just above the columns 
corresponding to potential sites. The regions which are 
covered by each site, which is assigned with a facility are 
shown by marking squares around the respective “1” en-
tries in the covering coefficient matrix. In Figure 1, the 
site 1, which is assigned with a facility, covers the re-
gions 1, 2 and 4. The facility assigned at the site 3 covers 
the regions 1, 2, 3, 5 and 6. The union of the subsets of 
regions, which are covered by the site 1 and the site 3 are 
{1, 2, 3, 4, 5, 6}. This means that all the six regions are 
covered by the facilities that are assigned at the site 1 and 
the site 3. Hence, the offspring is a feasible offspring. The 
corresponding fitness function value (number of sites which 
are assigned with facilities) is 2. 

4.1.3 Care and Share Crossover Operation 
Consider another offspring, whose genes are “0 1 0 0 0”. 
As explained in section 4.1.2, the coverage of the regions 
by the only site 2 in this offspring, which is assigned with a 
facility, is shown in Figure 2. In Figure 2, the facility 
which is assigned at the site 2 covers only the regions 3 and 
4. So, the solution of this offspring is infeasible. Now, the 
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set of selected sites for assigning facility = {2}. Then, an-
other sub-covering coefficient matrix with the remaining 
potential sites (1, 3, 4 and 5) and remaining regions (1, 2, 
5 and 6) is shown in Figure 3. Now find the maximum 
number of regions that can be covered by any unselected 

potential site from Figure 3. The corresponding value in 
Figure 3 is 4, which occurs for the potential site 3. So, 
include it in the set of selected sites for assigning facili-
ties as shown: Set of selected sites for assigning facilities 
= {2, 3}. 

 

 

Figure 1. Coverage of regions by Offspring “1 0 1 0 0 ” 

 

 

Figure 2. Coverage of regions by Offspring “ 0 1 0 0 0”  
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From Figure 3, it is visible that the facility, which is 
assigned at the potential site 3 can cover all the regions 
(1, 2, 4 and 5) in it. So, there is no more uncovered re-
gion. The modified offspring for the given offspring is 
constructed by having 1 in the position 2 and position 3 
and 0 in the remaining positions as shown below. 

Modified offspring = {0 1 1 0 0} 
Now, the earlier offspring, {0 1 0 0 0} is to be substi-

tuted with the modified offspring, {0 1 1 0 0}. The proc-
ess of constructing a feasible offspring for an infeasible 
offspring is called “Care and Share” crossover operation. 
In this example, Figure 3 itself gives the feasible offspring. 
In general, the process of forming sub-covering coefficient 
matrices is to be continued until all the regions are cov-
ered. 

4.1.5 Mutation 
Mutation is a process of randomizing the genes in each 
chromosome. In a chromosome, this can be done by ran-
domly selecting any two genes in it and swapping them. 
Since, the usage of Logic AND makes many zeros in 
offspring, some of the offspring will become infeasible. 
Hence, “Care and Share” operation is used to find a fea-
sible offspring for each of the infeasible offspring. As per 
the requirement of Genetic algorithm, if mutation on an 
offspring is performed, there is a possibility of making 
that offspring as an infeasible offspring. Hence, for this 
total covering problem, mutation is not performed. 

4.1.6 Steps of GA Based Heuristic 
Step 1: Input the following: 

- Number of iterations N = 10      
- Covering coefficient Matrix, C(I, J), where m is the 

number of customers and n is the number of potential 
sites. 

Step 2: Set the iteration number I to 1. 
Step 3: Find the number of ones in each of the rows of 

the covering coefficient matrix. 
Step 4: Arrange the rows of the covering coefficient 

matrix in the ascending order of the number of ones in 
the rows and store the sorted rows in another matrix, 
called chromosome matrix, CM(I,J), I = 1, 2, 3, …, m 
and j =1, 2, 3, …, n. 
 

 

Figure 3. Sub-covering coefficient matrix after deleting Site 2 

Step 5: Set the size of the population to the number of 
customers (m) in the Chromosome matrix (Each row of 
the matrix is treated as a chromosome). 

Step 6: Find the fitness values of each chromosome in 
the initial population. 

Step 7: Crossover Operation 
Step 7.1: Perform crossover operation by taking two 

chromosomes in succession starting from the chromo-
some 1 for each of the following pairs of logical opera-
tors. 

(a) Logic OR and Logic AND 
(b) Odd shift before Logic OR and Logic AND 
(c) Even shift before Logic OR and Logic AND 
(d) Logic OR and odd shift before Logic OR 
(e) Logic OR and even shift before Logic OR 
(f) Logic AND and odd shift before Logic AND 
(g) Logic AND and even shift before Logic AND 
[For example, if the number of rows of the chromo-

some matrix is 10 and Logic OR and Logic AND cross-
over operations are to be carried out, the first five off-
spring will be due to Logic OR crossover operation and 
the last five offspring will be due to Logic AND cross-
over operation. One should note that the number of off-
spring after performing crossover operation using a pair 
of logic operators will always be equal to the number of 
rows of the chromosome matrix (m)]. 

Step 7.2 In each case of Step 7.1, for each of the infea-
sible offspring, perform “Care and Share” operation and 
obtain a feasible offspring. Then replace that infeasible 
offspring with the feasible offspring, which is constructed 
using the “Care and Share” operation.  

Step 8: In each case [from (a) to (g))] of the previous 
step, for each offspring, find the fitness function value. 

Step 9: Club all the offspring of all the cases from (a) 
to (g) and sort them in the ascending order of their fitness 
function values. 

Step 10: Store the top most offspring of the clubbed 
population of Step 9 as the current best chromosome 
along with its fitness function value. 

Step 11: Choose the top m offspring from the clubbed 
population of Step 9 and store them in the chromosome 
matrix CM(I,J), for I = 1, 2, 3, …, m and J = 1, 2, 3, …, n. 

Step 12: Increment the iteration number by 1 (I = I + 1). 
Step 13: If I ≤ N, then go to Step 7; else go to Step 14. 
Step 14: Print the current best chromosome along with 

its fitness function value. 
Also print the customers, which are covered by each 

potential site that is assigned with a facility. 
Step 15: Stop. 

5. GRASP Heuristc 

In this section, another heuristic based on Greedy Ran-
domized Adaptive Search Procedure (GRASP) for the 
total covering problem is presented. The GRASP is an 
iterative procedure, which has two phases, namely con-

Copyright © 2010 SciRes.                                                                                    iB 



Comparison of GA Based Heuristic and GRASP Based Heuristic for Total Covering Problem162  

struction phase and local search phase. In the construc-
tion phase, a feasible solution is constructed by choosing 
the next element randomly from the Candidate List (CL) 
[19]. The candidate list contains only the best elements 
selected by greedy function. 

The Candidate List technique makes it possible to ob-
tain different solution in each of the iterations. Since the 
solutions generated by the GRASP construction phase 
are not guaranteed to be the local optimum, it is recom-
mended to apply the local search phase, which is the sec-
ond phase of the GRASP. In this paper, a greedy heuris-
tic is applied for the local search phase. At the end of 
each GRASP iteration, the better solution is updated. The 
latest best solution becomes the final solution, when the 
given termination criterion is reached. 

The steps of GRASP based heuristic to locate the mini-
mum number of facilities to cover all the customers are 
presented below. 

Steps of GRASP Based Heuristic 
Step 1: Input the covering co-efficient matrix, which is 

a square matrix of size m. 
Step 2: Set the candidate = Null Set. 
Step 3: Use the following Greedy heuristic to find the 

feasible solutions and add it to the Candidate List (CL). 
Step 3.1: Find the number of ones in each column j of 

the Matrix C. 
Let it be CSj 
Step 3.2: Select the column (site) with the maximum 

CSj for assigning Facility. 
Store the selected site number in the array Q. 
Store the elements in the column corresponding to the 

selected site of the matrix C in an array F. 
Set the actual number of sites selected [kk] to 1 
Step 3.3: If Maximum CSj = m, then go to Step 3.8; 

otherwise go to Step 3.4. 
Step 3.4: For each unselected site j (for j not in the ar-

ray Q), find the total number of customers covered by the 
sites in the array Q after it is tentatively included in that 
array Q. Let it be TCj. 

Step 3.5: Find the maximum TCj values. 
Step 3.6: If there is no tie for the maximum TCj, then 

select the site with maximum TCj and place it in the array 
Q.  

Otherwise find the number of ones in the each of the 
columns of the matrix C, corresponding to the maximum 
TCj. 

Then select the column with maximum number of ones 
among such columns and place it in the array Q. 

Increment the actual number of sites selected by 1 (kk 
= kk + 1). 

Step 3.7: If Maximum TCj = m, then go to Step 3.8; 
otherwise go to Step 3.4. 

Step 3.8: Treat the array Q as the Candidate List CL. 
Step 4: Select the lone member of the Candidate List 

(CL), Let it be M. 

Step 5: Set I = 1. 
Step 6: Set the criterion Index, k = 0. 
Step 7: Randomly select the position from the member 

M of CL and change it from 0-1 or 1–0. 
Step 8: If the solution is feasible, do the following, or 

else go to step 9. 
Step 8.1: Evaluate the solution and count the number 

of ones in the solution. 
Step 8.2: Add the solution to the Candidate List. 
Step 8.3: Up date k = 1. 
Step 9: I = I + 1.  
Step 10: If I ≤ 10 then go to step 7, or else go to step 11.  
Step 11: if k = 0 then go to step 14, or else go to step 12. 
Step 12: Find best solution from the Candidate List 

and let it be M. 
Step 13: Go to step 5. 
Step 14: Print the lastly used best solution (M), be-

tween steps 5 to step 10. 
Step 15: Stop. 

6. Factorial Experiment 

In this section, first, the performance of the GA based 
heuristic is compared with that of the GRASP based heu-
ristic and then it is compared with that of a model. 

6.1 Comparison of GA Based Heuristic and 
GRASP Based Heuristic 

This section presents the experimentation to compare the 
performance in terms of solution (number of potential 
sites selected for assigning facilities) of the proposed  
GA based heuristic (Alg1) and the GRASP based heuris-
tic (Alg2) through a factorial experiment by considering 
three factors, viz. Percentage Sparsity of the covering 
coefficient matrix (percentage of number of 1s), Problem 
Size and Algorithm. Let the percentage sparsity be the 
Factor A, the Problem Size be the Factor B and the Al-
gorithm be the Factor C. The Factor A is assumed with 5 
levels (treatments), which are viz. 16%, 18%, 20%, 22% 
and 24%. The Factor B is assumed with 6 levels (treat-
ments), which are, viz. 30 × 30, 40 × 40, 50 × 50, 60 × 
60, 70 × 70 and 80 × 80. The Factor C is assumed with 2 
levels (treatments), which are viz. Alg1 and Alg2. For each 
experimental combination, 5 replications are assumed. 

In this experiment, the covering coefficient matrix of 
each benchmark problem is a square matrix. This means 
that each customer location is treated as a potential site 
for locating facility. 

The corresponding ANOVA model [20] is shown be-
low. 

Yijkl = μ + Ai + Bj + ABij + Ck + ACik + BCjk 

+ ABCijk + eijkl 

where, 
Yijkl is the response (number of sites assigned with fa-

cilities) of the lth replication for the ith treatment of the 
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Factor A, jth treatment of the Factor B and kth treatment 
of the Factor C. 
μ is the overall mean of the response. 
Ai is the effect on the response due to the ith treatment 

of the Factor A 
Bj is the effect on the response due to the jth treatment 

of the Factor B 
ABij is the effect on the response due to the ith treat-

ment of the Factor A and the jth treatment of the Factor B 
Ck is the effect on the response due to the kth treatment 

of the Factor C 
ACik is the effect on the response due to the ith treat-

ment of the Factor A and the kth treatment of the Factor C 
BCjk is the effect on the response due to the jth treat-

ment of the Factor B and the kth treatment of the Factor C 
ABCijk is the effect on the response due to the ith treat-

ment of the Factor A, jth treatment of the Factor B and kth 

treatment of the Factor C 
eijkl is the random error associated with the lth replica-

tion under the ith treatment of the Factor A, jth treatment 
of the Factor B and kth treatment of the Factor C 

The different hypotheses relating to this model are as 
listed below. 

Factor A (Percentage Sparsity of Covering Coeffi-
cient matrix) 

H0: There is no significant difference in terms of solu-
tion between different pairs of treatments of the Factor A 
(Percentage sparsity of covering coefficient matrix) 

H1: There is significant difference in terms of solution 
between different pairs of treatments of the Factor A (Per-
centage sparsity of covering coefficient matrix) 

Factor B (Problem Size) 
H0: There is no significant difference in terms of solu-

tion between different pairs of treatments of the Factor B 
(Problem Size). 

H1: There is significant difference in terms of solution 
between different pairs of treatments of the Factor B 
(Problem Size). 

Factor C (Algorithm) 
H0: There is no significant difference in terms of solu-

tion between the two treatments of Factor C (Algorithm). 
H1: There is significant difference in terms of solution 

between the two treatments of the Factor C (Algorithm). 
Interaction Components: 
Factor A × Factor B: (ABij) 
H0: There is no significant difference in terms of solu-

tion between the different pairs of interaction between 
Factor A and Factor B. 

H1: There is significant difference in terms of solution 
between different pairs of interaction between Factor A 
and Factor B. 

Factor A × Factor C: (ACik) 
H0: There is no significant difference in terms of solu-

tion between the different pairs of interaction between 
Factor A and Factor C. 

H1: There is significant difference in terms of solution 
between different pairs of interaction between Factor A 
and Factor C. 

Factor B × Factor C: (BCjk) 
H0: There is no significant difference in terms of solu-

tion between the different pairs of interaction between 
Factor B and Factor C. 

H1: There is significant difference in terms of solution 
between different pairs of interaction between Factor B 
and Factor C. 

Factor A × Factor B × Factor C: (ABCijk) 
H0: There is no significant difference in terms of solu-

tion between the different pairs of interaction between 
Factor A, Factor B and Factor C. 

H1: There is significant difference in terms of solution 
between different pairs of interaction between Factor A, 
Factor B and Factor C. 

A factorial experiment as per the above design was 
carried out to find the minimum number of potential sites 
which are to be assigned facilities under each experi-
mental combination and such results (minimum number 
of potential sites assigned with facilities to cover all the 
customers) are summarized in Table 5. The results of 
ANOVA for the given factorial experiment are summa-
rized in Table 6. From the Table 6, it is clear that all the 
calculated F ratios are greater than the respective table F 
values at a significance level of 5%, except the interac-
tion components ABij and ABCijk. Our prime concern is 
to check the significance of the effect of the Factor C 
(algorithm) on the response variable. The calculated F 
value for the Factor C is 2991.611 as against the table F 
value of 3.84. Hence, the corresponding null hypothesis 
is to be rejected and its alternate hypothesis is to be ac-
cepted. This means that there is significant difference 
between the algorithms (Alg1 and Alg2) in terms of pro-
viding the minimum number of potential sites, which are 
assigned with facilities to cover all the customers. If we 
closely look at the values of the responses in Table 5, for 
each experimental combination, the solution provided by 
the Algorithm Alg1 is less than the solution provided by 
the Algorithm Alg2. The mean response of the Algorithm 
Alg1 is 6.81 and that of the Algorithm Alg2 is 15.79. By 
combining the above two facts, it is evident that the Al-
gorithm Alg1 performs better than the Algorithm Alg2 in 
terms of providing solution, that is the minimum number 
of potential sites assigned with facilities to cover all the 
customers. This means that the GA based heuristic per-
forms better than the GRASP based heuristic. 

6.2 Comparison of GA Based Heuristic with 
Model 

Since, the GA based heuristic performs better than GR- 
ASP based heuristic, next it is mandatory to check the 
performance of the GA based heuristic with that of the  
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Table 5. Responses (minimum number of sites assigned with facilities) of factorial experiment for comparison of GA based 
heuristic and GRASP based heuristic 

Problem size (Factor B) 

30 × 30 40 × 40 50 × 50 60 × 60 70 × 70 80 × 80 

Algorithm (Factor C) 

Sparsity (%) 
(Factor A) 

Replication 

Alg1 Alg2 Alg1 Alg2 Alg1 Alg2 Alg1 Alg2 Alg1 Alg2 Alg1 Alg2 

1 7 13 5 14 9 16 9 15 5 20 10 19 

2 7 11 8 14 8 14 7 17 8 19 9 20 

3 6 9 7 14 7 14 9 18 9 19 9 19 

4 6 16 7 13 7 12 8 19 9 18 9 18 

16% 

5 7 10 8 16 8 17 7 19 8 18 9 18 

1 8 12 7 14 7 13 7 15 7 16 9 15 

2 7 10 7 12 8 16 6 19 8 18 9 19 

3 6 10 8 17 6 18 7 19 9 20 7 18 

4 6 9 7 16 6 14 6 18 6 18 8 20 

18% 

5 8 12 6 14 7 13 7 17 7 20 9 18 

1 6 13 7 13 7 15 7 17 7 20 9 15 

2 5 10 6 13 6 16 8 20 9 19 7 18 

3 6 15 6 17 7 15 7 18 8 18 7 18 

4 4 10 6 13 7 13 7 15 7 17 8 18 

20% 

5 5 10 6 12 6 13 7 18 6 18 7 18 

1 5 13 6 13 7 16 6 18 8 18 7 16 

2 5 10 5 12 7 16 6 18 7 19 7 17 

3 5 10 6 12 7 17 6 19 7 22 7 19 

4 6 9 7 13 8 16 6 20 6 19 8 21 

22% 

5 6 11 5 14 7 16 7 19 8 19 8 18 

1 5 10 3 11 6 18 7 16 7 21 7 18 

2 5 9 6 11 6 18 7 23 6 18 6 19 

3 5 10 3 7 7 18 4 22 6 21 7 16 

4 6 11 6 13 6 15 6 15 6 19 7 19 

24% 

5 4 8 6 16 6 15 6 15 7 22 7 20 

 
Table 6. ANOVA results for comparison of GA based heuristic with GRASP based heuristic 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
squares 

Mean Sum of 
Squares 

Calculated 
F Ratio 

Table F value 
at α = 0.05 

Inference 

Ai 4 34.7500 8.6875 4.2972 2.37 Significant 

Bj 5 933.4571 186.6914 92.3345 2.21 Significant 

ABij 20 61.2929 3.06465 1.5159 1.57 Not Significant 

Ck 1 6048.0320 6048.0320 2991.6110 3.84 Significant 

ACik 4 29.9805 7.4952 3.7074 2.37 Significant 

BCjk 5 421.1914 84.2383 41.6678 2.21 Significant 

ABCijk 20 40.6953 2.0348 1.0065 1.57 Not Significant 

eijk 240 485.1992 2.0217    

Total 299 8054.5980     



Comparison of GA Based Heuristic and GRASP Based Heuristic for Total Covering Problem 165 

 
mathematical model as presented in Section 3, which gives 
the optimal solution. It is well known that solving any 
mathematical model will be limited by its number of 
variables and the number of constraints, because of the 
software which will be used to solve the problem of in-
terest. So, in this section, problems of limited sizes, viz., 
32 × 32, 34 × 34, 36 × 36, 38 × 38 and 40 × 40, each 
with five replications are considered for comparing the 
performance of the GA based heuristic (Method 1) and 
that of the model (Method 2). The Problem Sizes are 
assumed to be the levels of “Factor A” and the Methods 
are assumed to be the levels of “Factor B”. 

The corresponding ANOVA model is shown below. 

Yijk = μ + Ai + Bj + ABij + eijk 
where, 

Yijk is the response (number of sites assigned with fa-
cilities) of the kth replication for the ith treatment of the 
Factor A and the jth treatment of the Factor B. 
μ is the overall mean of the response. 
Ai is the effect on the response due to the ith treatment 

of the Factor A 
Bj is the effect on the response due to the jth treatment 

of the Factor B 
ABij is the effect on the response due to the ith treat-

ment of the Factor A and the jth treatment of the Factor B 
eijk is the random error associated with the kth replica-

tion under the ith treatment of the Factor A and jth treat-
ment of the Factor B. 

The different hypotheses relating to this model are as 
listed below. 

Factor A (Problem Size) 
H0: There is no significant difference in terms of solu-

tion between different pairs of treatments of the Factor A 
(Problem Size). 

H1: There is significant difference in terms of solution 
between different pairs of treatments of the Factor A 
(Problem Size). 

Factor B (Method) 
H0: There is no significant difference in terms of solu-

tion between different pairs of treatments of the Factor B 
(Method). 

H1: There is significant difference in terms of solution 
between different pairs of treatments of the Factor B 
(Method). 

Factor A × Factor B: (ABij) 
H0: There is no significant difference in terms of solu-

tion between the different pairs of interaction between 
Factor A and Factor B. 

H1: There is significant difference in terms of solution 
between different pairs of interaction between Factor A 
and Factor B. 

A factorial experiment as per the above design was 
carried out to find the minimum number of potential sites 
which are to be assigned facilities under each experimental 

combination and such results (minimum number of po-
tential sites assigned with facilities to cover all the cus-
tomers) are summarized in Table 7. The results of 
ANOVA for the given factorial experiment are summa-
rized in Table 8. From the Table 8, it is clear that all the 
calculated F ratios are less than the respective table F 
values at a significance level of 5%. Our prime concern 
is to check the significance of the effect of the Factor B 
(Method) on the response variable. The calculated F 
value for the Factor B is 1.5283 as against the table F 
value of 4.09. Hence, the corresponding null hypothesis 
is to be accepted and its alternate hypothesis is to be re-
jected. This means that there is no significant difference 
between the methods (Method 1 and Method 2) in terms 
of providing the minimum number of potential sites, 
which are assigned with facilities to cover all the cus-
tomers. So, the performance of the GA based heuristic is 
equivalent to that of the model for the assumed problems 
of limited sizes. 
 

Table 7. Results of GA based heuristic and model 

Factor B (Method) 

Factor A 
(Problem Size)

Replication GA Based 
Heuristic 

(Method 1) 

Model 
(Method 2) 

1 4 4 

2 5 5 

3 4 4 

4 5 5 

32 × 32 

5 5 5 

1 5 4 

2 6 5 

3 4 4 

4 5 3 

34 × 34 

5 5 5 

1 5 4 

2 3 3 

3 4 4 

4 5 4 

36 × 36 

5 5 5 

1 5 5 

2 5 5 

3 4 3 

4 7 6 

38 × 38 

5 6 6 

1 6 6 

2 5 5 

3 3 2 

4 6 6 

40 × 40 

5 6 6 
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Table 8. ANOVA results of comparison of GA based heuristic and model 

Source of 
Variation 

Sum of squares
Degrees of 
Freedom 

Mean Sum of 
Squares 

Calculated 
F Ratio 

Table F value 
at α = .05 

Inference 

Ai 6.72 4 1.68 1.5849 2.61 Not Significant 

Bj 1.62 1 1.62 1.5283 4.09 Not Significant 

ABij 0.88 4 0.22 0.2076 2.61 Not Significant 

eijkl 42.40 40 1.06    

Total 51.62 49     

 
7. Conclusions 

The total covering problem under facility location prob-
lem is an important problem to determine the minimum 
number of sites to locate the facilities to cover all the 
customers. Since, this problem comes under combinato-
rial category, in this paper, an attempt has been made to 
develop heuristics and compare them in terms of their 
performance. In the first phase, the design of GA based 
heuristic is given and it is followed by the design of 
GRASP based heuristic. Later, a complete factorial ex-
periment has been conducted to compare the perform-
ance of the two heuristics by assuming three factors, 
Factor A (Percentage Sparsity), Factor B (Problem Size) 
and Factor C (Algorithms). The Factor A is assumed with 
5 levels, which are viz. 16%, 18%, 20%, 22% and 24%. 
The Factor B is assumed with 6 levels, which are, viz. 30 
× 30, 40 × 40, 50 × 50, 60 × 60, 70 × 70 and 80 × 80. 
The Factor C is assumed with 2 levels, which are viz. 
Alg1 and Alg2. For each experimental combination, 5 
replications are carried out. Through ANOVA, it is found 
that the GA based heuristic performs better than the 
GRASP based heuristic in terms of providing the solu-
tion for the total covering problem. 

After having concluded that the GA based heuristic per-
forms better than the other heuristic, in the next phase, a 
comparison is done between the solution of the GA based 
heuristic and that of the mathematical model presented in 
Section 3 for the total covering problem through a two 
factor complete factorial experiment. In this experiment 
five different problem sizes (32 × 32, 34 × 34, 36 × 36, 
38 × 38 and 40 × 40) are considered. For each problem 
size, five replications are considered. By taking the 
problem size as one factor and the methods of solving the 
total covering problem (GA based heuristic and Model) 
as another factor, a factorial experiment was conducted 
and found that the there is no difference between the 
methods, viz., GA based heuristic and model in terms of 
providing solution for the total covering problem. Hence, 
it is concluded that the performance of the GA based 
heuristic can be equated to that of the model which gives 
optimal solution for small and moderate size problems. 
The reason of limiting the problem size to a maximum of 
40 × 40 in this comparison is due the limitations of the 

number of variables and the number of constraints of a 
model that can be handled by software. Finally, it is con-
cluded that the GA based heuristic performs better than 
the GRASP based heuristic to solve the total covering 
problem. Further, there is no significant difference be-
tween the GA based heuristic and the mathematical 
model, in terms of providing solution for the total cover-
ing problem for moderate size problems. 
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ABSTRACT 

This research focuses on how local partner learn knowledge from foreign partner in Japanese joint venture in emerging 
economies context. Contribution of this research is as follows. First, by distinguishing the type and characteristics of 
each process, this typology enhances our understanding about JV as useful organizational learning mechanism, par-
ticularly in Japanese joint venture in emerging economies and about the source of firm’s heterogeneity underlying 
learning process. Second, this extensive in-depth case study provides the clear evidences of the importance of internal 
learning capability process to improve technological capability, absorptive capacity, and relational rents generated 
from resource sharing mechanism. Third, this study, to best knowledge, is a pioneer research in Indonesia since tech-
nological issues have been paid little attention from scholars. 
 
Keywords: Absorptive Capacity, Knowledge Acquisition and Sharing, Japanese Joint Venture, Indonesian Firm 

1. Introduction 

This research focuses on how local partner learn knowle- 
dge from foreign partner in Japanese joint venture in em- 
erging economies. It is an in-depth case study explaining 
internal learning capability transfer from foreign firms; 
resource sharing within business groups especially in de- 
veloping human capital; and knowledge acquisition, ass- 
imilation, and exploitation process which is so-called 
absorptive capacity [1,2] in a leading electronic joint 
venture (JV) firm in Indonesia. 

Focus of this study is to understand learning process in 
Panasonics Manufacturing Indonesia (PMI), a joint ven-
ture between Matsushita Electrical Industries and Gobel 
International. I find the different pattern of learning proc-
ess and characteristics between blue collar workers (op-
erators) and white collar workers (especially engineers). I 
also discuss the important roles of Japanese experts, ex-
ample of technological capability, and underlying key 
success of learning in PMI. 

1.1 Internal Learning Capability Transfer and 
Absorptive Capacity 

International joint venture (IJV) has become popular 
mode of entry in emerging economies and particularly in 
Indonesia since 1970s. Recently, IJV has been studied by 
scholars from resource-based view and knowledge-based 
view that has focused on how resource acquisition, capa-

bility development as source of success in IJV [3,4]. 
Kogut and Zander [5] argue MNC as an organizational 

vehicle which has its superior efficiency by transferring 
knowledge across borders. Host partner, such as in the 
form of IJV, can learn from foreign partner through inter- 
nal learning capability transfer. For instance, they can 
learn routines, production process, and production devel- 
opment up to marketing strategies. These lead to up gra- 
ding capability of the firm. In addition, up grading capa-
bility and then contribute to IJV performance also de-
pends on host partner’s absorptive capacity [6-8]. This 
research lies in this stream with focus on how host IJV 
partner learns knowledge starting from understanding 
manufacturing system, improve it and finding and solv-
ing problems. These are what I argue as increasing ab-
sorptive capacity of host IJV partner. 

2. Method 

This research follows the replication logic, rather than 
sampling logic: whether case companies chosen could 
provide rich information in the aspects of research con-
structs [9]. PMI as one of the leading JV firm in Indone-
sia fits with these criteria. Matsushita, a parent company 
of PMI, also recognized as high performance business 
group in terms of technological and managerial capabili-
ties. In addition, PMI has shown their eagerness to be 
studied by providing access to informants. The author 
also has long acquaintance with one of directors in other 
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member of Matsushita group in Indonesia who gave 
recommendation to PMI. It is useful to develop a rela-
tionship of mutual trust with respondents. Therefore, 
PMI also fits for practical reasons. 

Letter of inquiry with a research’s proposal explaining 
the objective, design, protocols and advantage of the re-
search is sent in early 2006. The approval is given shortly 
and follows by pilot study on April to May 2006. First 
fieldwork is conducted in June to July 2006 whereas the 
second is on August to September 2006. The following 
steps are taken to ensure the good quality of this in-depth 
case study. First, I met with vice chairman and three senior 
managers to explain the research protocols and get initial 
comments and set up the more detailed schedules for 
field studies. 

Second, the main informants are senior manager HR 
and senior manager R & D. I conduct nine interviews 
during April to September 2006: twice interviews both 
with vice chairman and senior manager R & D, and five 
times interviews with senior manager HR. Each inter-
view is carried out lasting between thirty minutes and 
two hours. Following the standard procedures in doing 
case study, I used open-ended and semi-structured ques-
tionnaire [10]. Creswell suggests that good case study 
should meet the standard of quality verification, therefore I 
conduct triangulation of information － searching for 
the convergence information － relates directly to data 
situation in developing case study from data sources, 
theory, methods, and my self as investigator. In addition, 
member checking is done by sending the rough draft of 
writing to the informants after the entire interviews fin-
ished. All the interviews are recorded and field notes are 
also created. 

Third, the rationale of this study that makes this study 
as a single-case study is to confirm, challenge, or extend 
the theory [10,11]. I use within-case study analysis in this 
study because several themes identified earlier are being 
confirmed, challenged, or extended within a single case. 

2.1 Indonesia and Brief History of PMI 

Indonesia is the largest country in Southeast Asia com-
prises more than 230 billion people in 2009. Within As-
sociation of Southeast Asian Nations (ASEAN), Indone-
sia has considered as country taking most liberal and 
neutral investment regime. The government has liberal-
ized foreign direct investment up to 95% for foreign 
ownership in 1994. It has sharply increased since the 
government started to attract foreign investment in late 
1960s and promoted pro-market policies. As a result, 
Indonesia has been transforming from agriculture-based 
country to more manufacturing-based country. Recently 
the contribution of service sector has increased in addi-
tion to manufacturing sector. 

The abundant of natural resources, low wages, and lib-
eral government policies attracted foreign investment, 

particularly Japanese investors since 1960s. Japanese in- 
vestment has been the biggest and significant especially 
in light manufacturing industries such as electronics, ma- 
chinery as well as more capital intensive industries such 
as automotive. Kosuke Imashimizu, president director of 
Japan External Trade Organization (JETRO) in year 
2006 mentioned how important Indonesia for Japan. He 
said that historically, Japan is the largest investor in In-
donesia. 

PMI was built on July 1970 as joint venture between 
Matsushita Electrical Industrial Co. Ltd (MEI) with 60% 
and Gobel International (GI) with hold 40% of shares. 
However, its history starts from 1950s when the owner of 
Gobel, Mr. Moh. Gobel established Transistor Radio Manu- 
facturing limited company which pioneered in radio tran-
sistor manufacturing. After he went to Japan as foreign 
student and met Mr. Konosuke Matsushita, the founder 
of MEI. In 1960, MEI and Transistor Radio Manufactur-
ing limited company agreed to sign of technical coopera-
tion. Based on the technical cooperation, this company 
was able to produce first black and white television in 
Indonesia in 1962. As the cooperation worked well, both 
parties agreed to establish joint venture, National Gobel in 
1970－currently changed its name to PMI. 

In 1974, Gobel established Met Gobel limited comp- 
any as support the trading activities and importing prod-
ucts of Matsushita to Indonesia which not produced by 
PMI. This company also imported both consumer elec-
tronic product and professional electronics products such 
as broadcasting devices and capital equipment for the fac-
tory. 

During 1980s and 1990s, Matsushita Gobel as a group 
strengthened her presence in Indonesia by establishing 
other sister companies such as Panasonic Gobel Battery 
Industry (manganese, lithium coin, torchlight), Panasonic 
Gobel Indonesia (sole agent of PMI), Panasonic Shikoku 
Electronics Indonesia (VCR, CD-ROM, and Combo TV 
for export), Panasonic Battery Batam (battery NICAD) 
and Panasonic Electronic Device Indonesia (ceramic 
components, speaker, inductive products and other re-
lated products). Incorporation with Matsushita Electric 
Works, they established Panasonic Electric Works Gobel 
Manufacturing Indonesia (PEWGMI) which produce 
lighting fixture, components, wiring devices; Panasonic 
Electric Works Gobel Sales Indonesia (sole agent and 
distributors of PEWGMI); Panasonic Electronic Device 
Batam, Panasonic Semiconductor Indonesia (semicon-
ductors, microchips) and Panasonic Shikoku Electronics 
Batam (peripheral products). 

PMI has 9 products line such as audio, fan, television, 
air conditioner, refrigerator, washing machine, electric 
iron, water pump and pants press. The oldest is audio 
business unit that established in 1970 with 2,000,000 
production capacity per year. Manufacturing of fan and 
television started a year later in 1971 with 1,500,000 and 
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600,000 production capacities per year, respectively. 
Two year later, PMI established air condition business 
unit in 1973 with 250,000 production capacity per year. 
Production of refrigerator began in 1975 with 420,000 
capacities per year. Washing machine, electric iron and 
water pump production established in 1979, 1985, and 
1988, respectively. PMI produces 140,000 washing ma-
chines, 380,000 electric iron and 1,500,000 water pump 
per year. The latest product is pant press which started in 
1995 with 25,000 production capacity per year. 

PMI capital is US $ 23 million with Rp 1.595 trillion 
in sales (2005). 

2.2 Learn How to Manufacture the Product 

The objective of this type of learning is to understand 
one single task to perform manufacturing process. Focus 
of this learning is for new recruits both blue collars and 
white collars employees. Table 1 provides summary of 
type and characteristics of internal learning mechanism at 
PMI. 

2.2.1 Development of New Recruits of Blue Collars 
Employees 

As electrical and households appliances manufacturer, 
PMI is part of labor-intensive industries, therefore the 
development of operators (blue collars) with emphasis on 
physical ability is important. New recruits are mainly 
high school graduates whose age around 20-22 years old. 
The objective is to perform one single task within one- 
line manufacturing activities through general training wi- 
thin three months probation period. They were asked to 
present what they understand about the process. There 
are “examinations” conducted in the end of week and 
particularly in the end of month to evaluate the progress 
of each operator. When they passed the “exam” then they 
granted permanent employee status. After that, the new 
recruits are assigned on OJT in more advance manner to 
understand and perform manufacturing tasks. He or she 
should be able to understand the relations between theo-
retical and practical matters. They are pushed to find 
problems and then find solutions. If they can not find any 
single problem and solution, they are considered as “can 
not learn properly”. For new recruits, they are mainly 
working in single task in one-line manufacturing process. 
Each performs one single job. During 3 to 4 years com-
monly the new recruits can accumulate knowledge about 
manufacturing process and related jobs. 

2.2.2 Development of New Recruits of White Collars 
Employees 

Along with the higher educational background (mainly 
graduates from technical college or engineering depart-
ment/bachelor), the objective here is to develop engi-
neers who understand and capable to perform the whole 
or entire production process started from input (raw ma-
terial checks, material warehouse management etc), pro-

duction, assembly, and final products. They also should 
understand supporting activities such as product planning, 
purchasing, product engineering, production engineering 
and quality control. This type of workers should be able 
to perform inspection tasks for whole process. 

Says Senior HRD manager: “In the probation period, 
new recruits white collars employees are doing on the 
job-training (OJT). They assist their senior employees in 
wherever the senior performs their job. For instance, in 
the audio factory, new recruits should carefully examine 
the process from the beginning until the end of product. 
Those with electronics background (vis-à-vis mechanical) 
should examine the process from electronics point of 
view as well as those with mechanical background should 
understand the process from the mechanical engineering. 
Therefore, they can understand the actual process in the 
factory with their educational background. Thereby they 
can give assessment based on their expertise. If they can 
find the weakness of the process and or ideas for im-
provements, they can be considered “have learned”. If it 
happens smoothly during probation period, new recruits 
will have higher chance to be recruited as permanent 
employees.” (Interview, May 5, 2006). 

There are similarity with new recruits of blue collars 
workers in terms of general training and process of re-
cruitment such as three months probation, presentation, 
and exam. However, I found the emphasis of developing 
ability to find problems and then produce solutions of the 
workers. The role of factory manager is crucial in per-
forming the evaluation of workers. He checked daily 
reporting of the workers based on their field (either elec-
tronics or mechanics), conducted test or quizzes related 
with the tasks, conducted end of week’s test and end of 
month’s assessment which usually took longer time. 
These mechanisms intended to ensure the progress of 
capability development of workers. 

2.3 Learn How to Improve Manufacturing System 

Objective of this type of learning is to improve better 
manufacturing system. Focus is for relatively mature 
blue collars employees and well-experienced white col-
lars employees. 

2.3.1 Development of Older Blue Collars Employees 
As time goes by older blue collars workers are able to 
work better because of learning by doing. Since this is 
labor-intensive industry, physical ability of blue collar is 
important. The older the worker, at the point of time, 
their ability to produce results decrease. The challenge 
here is to create additional capability of blue collars wor- 
kers in order to stay productive. Therefore the trigger to 
exploit new competency of older blue collars workers is 
when their productivity is decreasing along with their age, 
at around 40 years old. The productivity of blue collars 
employees can be compared among those whose age is 
20 to 30 years and those whose age is 40 years. For in- 
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stance, in audio factory 20 to 30 years’ old employees 
can do mounting (putting particular component in to cir-
cuit board) 10,000 sets everyday. But 40 years old em-
ployees, can only produce 9,000 sets per day. On the 
other hand, labor cost is increasing because each year 
there is a salary increment. To cope with this problems, 
the company develop new competency of blue collars 
workers from “ability to perform single task within one- 
line manufacturing” to “ability to perform multitasks within 
cell-system manufacturing”. 

In the single task manufacturing process, one can only 
produce or perform one single task assigned to her/him in 
the long assembly line which usually needs 30 employ-
ees to finish. On the other hand, within cell-production 
system 4-5 workers are assigned as a group in order to 
produce a particular product from the beginning until the 
finished product. Each employee can perform more than 
one task; it can be 5 or 10 tasks. Those 4-5 workers with 
well experience, multiple competencies can work together 
in “shadow-line” that is especially created for these people. 
The combination of 4-5 well-experienced blue collars wor- 
kers can increase their productivity or at least to maintain 
as previous productivity level. 

In this system, the level of productivity for each em-
ployee can still be measured. For instance, one employee 
produces 800 sets while other produces 1000 sets, com-
petition happens among them. By competing each other, 
knowledge exploitation process materializes because they 
will put more efforts to produce. The more they produce, 
the more the payment they get. To do so, employee 
should be trained in additional ability move from general 
expertise to more specific ability. For instance, training 
in one-package specific ability of soldering, mounting, 
inspection and screwing. 

In this process, I found that the role of factory manager 
to motivate the person is a key success of this process. It 
combines with better reward system for more productive 
workers. More competent workers who are more produc-
tive will be granted more rewards in terms of financial 
rewards. 

2.3.2 Development of Well Experienced-White Collar 
Employees 

The development of well experienced white collars empl- 
oyees are mainly through such mechanism: project-based 
development, internal training and domestic seminars/ 
lectures, external training and overseas seminar/lectures, 
and OJT in overseas. 

Project-based development 
After completing probation period, engineers start wo- 

rking as permanent employees. Based on the evaluation 
from the factory manager during the probation period, 
they were assigned to the job/task which is most related 
to his/her capability. For example, engineer who seems 
to be fit in assembly process during probation period, 
then he/she will be assigned to that job for the first time. 

However, after some time they will be assigned to other 
jobs in order to acquire all knowledge and manufacturing 
capabilities. Usually after 3-4 years of learning, engi-
neers can accumulate good manufacturing capabilities. 

Project-based development means to create capable 
engineers by assigning them into particular product de-
velopment project that create a product from zero. A 
project is led by senior engineer and comprises of some 
engineers who work together closely even they were di-
vided into sub-sub team according to their expertise. In 
this project team, they should think and create model 
based on some specifics information including features, 
shape, price, component availability, user-friendliness, and 
easy to be repaired if broken etc. This information is 
supplemented by result of market research conducted by 
the company and secondary data such as industry trend. 
The information captures customer’s preference, neces-
sity towards the products and their segments. Therefore, 
the engineers should be able to interpret customer’s pref-
erence including taste and transform it into the final 
product. The ability of understanding customer’s prefer-
ence or needs is very important as stated by the infor-
mant: “Product engineers should be able to act as if they 
are part of the segment in order to have better understand-
ing customer’s preference. However, sometimes engineers 
are reluctant to do it because they think that the product 
should be sophisticated and with newest technology re-
gardless of the different segments. They think product for 
villagers (people living in country side) should have same 
features and function that is for urban people. In fact, it’s 
totally different. To make them understand, to fight their 
ego, is very difficult.” (Interview, July 18, 2006). 

This is an example of project-based development in 
order to develop engineering capabilities. For instance, 
radio cassette project. Engineers should think compre-
hensively from technical matters, designs, considering 
production capability owned by the factory for producing 
the product, deadline of product launching and also 
should consider the price that can be afforded by cus-
tomer. By keeping deadline of product launching in mind, 
therefore he or she should think and work harder to meet 
the schedule and deadline. Two or three engineers are 
assigned in the sub teams. The number of engineers in 
each team is based on the needs of each projects as well 
as based on the expertise owned by each engineers. The 
number of sub teams is also based on the needs of the 
projects considering the complexity and sophisticated the 
product that will be produced. All the process is super-
vised and controlled by manager. 

This kind of project usually starts from market survey 
to understand the customer needs, segment, and behavior. 
The survey also provides the information about competi-
tors including product’s price. The team also buy the 
competitors products to understand what is their strength 
and weakness of the product, not to imitate their product 
because Matsushita has own brand name and standard. 
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By understanding the weakness and strength of the com-
petitor’s products, engineers understand the weakness 
and strength of PMI’s products. If they think their prod-
uct is worse than competitor’s product, they challenged 
themselves to catch up and even create much better 
product with all means. As one informant mention that is 
so-called “engineer’ spirit”. 

Valuable information not only derived from survey, 
but also from books, journals, as well as from the net-
works they have. These sources of information and knowl-
edge are useful when they need some ideas of improve-
ments or when they find difficulties about technical prob-
lems. Engineers are very common to have contact with 
previous college acquaintance, their teacher at school and 
mentors in university. 

Engineers are talented person with full of ideas and in 
high spirit to implement many kind of technology in-
cluding most sophisticated technology they know. Some-
times they have personal conflict between their eagerness 
to implement their ideas which usually includes most 
sophisticated technology and customer’s needs which 
sometimes does not need such sophisticated technology, 
specifically for customers in country side. 

For instance, the debate between the usage of transis-
tor instead of integrated circuit (IC) for the radio cassette 
for the customers in country side. Engineers propose IC 
for the radio cassette they will produce because the tech-
nology is higher and follows the international techno-
logical trends, but it will cost much for customer in the 
country side. For transistor, to turn on the power of the 
radio only needs 1.2 volt that can be supplied by 2 bat-
teries of 1.5 volt. These batteries are available in many 
stores with cheap price, therefore affordable for the cus-
tomers. Using the IC will need higher voltage to turn on 
the power which is 1.8 volt (higher voltage than 1.2 volt). 
Therefore, if radio cassette use transistor, the battery will 
last longer than use IC. With longer batteries, the cus-
tomers are happier because it cost money less. In addi-
tion, the radio cassette with transistor is much easier to 
be repaired because they only need to change the tran-
sistor. The private electronics service counters through-
out the country are usually able to repair with new tran-
sistor which is widely available in the electronics stores, 
including in country side. However, from the point of 
view production cost is much higher for radio cassette 
with transistor because needs longer process, the cus-
tomer’s needs and satisfaction is much more important 
for PMI. 

From this point, the concept of R & D in this factory, 
particularly for radio cassette (audio) factory emphasize 
on development side which considers more on applica-
bility. Rather, research side that is more basic science. 
My informant also underlines that “we are proud of our 
product, a radio cassette with transistors because custom-
ers perceive our radio higher quality as long-life product 

compare to others. It makes our product famous…From the 
technological point of view we can learn that sometimes 
we do not need high or sophisticated technology in our 
products but more appropriate technology that fits with 
customer’s need. Even though this technology is almost 
sunset but we still can produce much profit from those 
products, including for export market.” (Interview, July 
18, 2006). 

In addition to think the appropriate technical specifica-
tion and design of the product, engineers should also 
consider that product can be manufactured in their fac-
tory. In other words, the product should be easily pro-
duced in accordance with production capability in the 
factory. Moreover, the product also should also be re-
paired easily not only as part of after sales service count-
ers, but also in many private radio cassette service 
counters throughout the country. 

My informant underlines that “usually each engineer 
joins one project each year, but if they can collaborate in 
two projects each year, it can be considered as a great 
learning process. These kinds of engineering knowledge 
and capabilities can not be found at school. The engi-
neers accumulate the knowledge and capabilities in the 
factory, what I called it ‘factory as school’, vis-à-vis a 
formal school like college or university.” (Interview, July 
24, 2006). 

Internal and external training and domestic/overseas 
seminars/courses 

The company also held internal training for engineers. 
They have “Matsushita Global Institute”, a group’s 
training development center, but act as independent en-
tity provides general training such as application of 
manufacturing techniques in the factory and also cus-
tomized training for engineers based on company’s re-
quirements. Says senior manager, “We ask the Institute to 
create special program for us…for example, how to cre-
ate same perception between sales person and produc-
tion employees…sometimes there is a conflict or misun-
derstanding between them…sales person claims that they 
want to sell product but the stocks are unavailable…or 
on the other hand, production employee said that they 
already produced products but sales person does not sell 
it…then we ask the Institute to train them in more prac-
tical and applicable manner…and these kinds of pro-
gram increase their performance positively…” (Inter-
view, May 5, 2006). 

The company also sends engineers to external training 
within the country (domestic) with regards to their tech-
nical expertise. In addition to acquire more technical 
knowledge, they also get more experience, broaden their 
horizon and build networks from reputable universities 
and make friends who help the engineers in doing their 
work when it is needed. 

Overseas seminars or lectures also can be a channel for 
engineers’ capability development. In this seminar, they 
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do not only learn about technical expertise but also how 
to build the networks among people. 

OJT in overseas 
Main mechanism to develop relatively well-experience 

white collars workers is through OJT in other company 
within their groups domestically and abroad. As part of 
Matsushita group, well experienced-engineers have been 
sent to R & D facility in Singapore and working together 
in other company such as in Malaysia and Thailand. Fur-
thermore, local engineer from PMI who sent to Singa-
pore for 3 years has been assigned as chief engineer in 
their last 2 years. He leads a special team including Sin-
gaporean engineers to develop audio product. Says senior 
manager, “The quality of our engineers is good…they are 
not behind foreign engineers in terms of quality…we can 
compete…yet we send engineers to become chief engineer 
in Matsushita group’s company in Singapore…but we lack 
in facilities…therefore as a whole (combination between 
engineers and facilities, added) we are behind them…that’s 
our weakness…” (Interview, May 5, 2006). 

Regular training in Japan was also assigned either 
short term or long term ranging from weeks, months until 
2 or 3 years. Through OJT, they learned and applied 
some techniques or skills directly into the particular task. 
For example, they sometimes brought “jobs” from JV 
company in Indonesia to parent firm in Japan. They can 
not complete it in Indonesia because of lack of testing 
facilities such as electro magnetic compatibility (EMC). 
In line with the timing for product deployment to the 
market, they tried to finish the jobs with help, support 
and supervision from Japanese experts in parent com-
pany. As one of informant says: “With help from experts, 
we can acquire more knowledge and broaden our hori-
zon within different learning circumstances” (Interview, 
July 24, 2006). 

2.4 Learn How to Find Problems and Solutions 

Despite learn how to manufacture the product and to im-
prove manufacturing system, I found the unique way of 
learning how to find problems and solutions. This type of 
learning occurs for new recruits of white collars em-
ployees. 

I underlined the important of “checking mechanism” 
to ensure learning process of engineers. The tight control 
and evaluation from factory manager especially in the 
end of month’s assessment is indispensable in deciding 
whether new recruits” have learned something” or “have 
not learned yet”. In the end of month’s meeting, he per-
formed three ways as checking mechanisms:  

1) To check “book of training” of the workers. If the 
new recruits wrote many notes, the manager praised them 
as “doing proper learning”. According to the manager, if 
the workers wrote many notes, it means that he or she 
was eager to think of “something” about the production 
process. Actually, they could write anything about the 

process that mainly as tacit knowledge. By taking a note, 
he or she then can read it again in the afternoon. It can be 
considered as part of assimilation process of new knowl-
edge. If they can not understand than they can consult with 
senior engineers or directly to factory manager about 
what they found.  

2) To evaluate workers’ ability in finding problems 
and then finding solutions of the problems according to 
his field specialty (e.g. electronics or mechanics). If they 
can find problems, then try to find solutions meaning that 
new recruits “are thinking”, generate own ideas, or try to 
synthesize between theoretical background they have and 
practical matter in the factory. The typical problem that 
may rise is how to increase productivity, to shorten lead 
time, to reduce costs by shortening lead time, or point im-
provement. The management hopes either new recruit 
can think how to create better quality from the engineer-
ing point of view or reducing production cost. New re-
cruits can propose anything such as better lay out of 
production etc. If new recruits can not find any single 
problems, factory manager assess them with lower capa-
bility of learning. If it happens until the end of third 
month, they are termed as persons who do not want to 
think. Therefore, they might not eligible to be granted the 
permanent employee status because in this type of worker 
the main emphasis is on “ability to think”, to create better 
improvement, not physical matter. This is the main dif-
ferent with blue collars workers. Here I termed this mecha-
nism as “learning by finding problems and solutions”.  

3) To motivate new recruits to learn more and more by 
creating “embarrassing environment” during the meeting. 
Factory manager strongly challenged and criticized new 
recruits by telling them their lack of ability to learn, to 
pump up their spirit to learn more, to work harder and to 
be tougher, and sometimes he made them crying. The 
ultimate goal of this mechanism is to produce engineers 
who able to create better improvement overtime and able 
to compete with others. 

3. Role of Japanese Experts in JV Company 

As JV, Japanese experts always remain in JV company as 
representative of parent company regardless new products, 
techniques, or system will be launched or not. They stay 
usually for 5 years. Japanese experts sent to JV company 
has different expertise ranging from electronics, me-
chanical and production. The decision to send Japanese 
experts is depended upon the strategy that JV will pursue 
to strengthen the company. For example, if in the first 
phase, they decide to strengthen engineering so parent 
company will send senior engineers who have expertise 
in engineering. Then, if they decide to strengthen pro-
duction capacity and efficiency, therefore parent com-
pany will send senior production engineers. 

The role of the Japanese experts in JV company are as 
follows: 
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1) As advisor, they give advice to the company re-
garding particular matters such as engineering and pro-
duction. Their main job is firstly to guarantee quality, 
reliability, and safety of the products or production proc-
esses meet the parent company standard. Therefore, they 
can use brand name of parent company. As the senior 
engineer, his involvement is in a way of advising, super-
vising and solving the problems when the local engineers 
can not solve it. Transfer of know how occurs during 
these processes. 

During their assignment time in JV company, there is 
usually only one person senior engineer in the particular 
field of expertise. Therefore, sometimes it is necessary to 
send local engineers to acquire additional expertise to 
parent company or other factory within group’s company 
abroad. In case of developing 2-doors refrigerator, many 
expertises are needed such as mechanical design, elec-
tronics, cooling system etc. However, Japanese expert usu-
ally only hold one expertise, so to fulfill this lack two 
local engineers were sent to parent company in Japan to 
learn how to develop this refrigerator. Therefore, in the 
same time both engineers in JV company side and those 
who sent to parent company side develop 2-doors refrig-
erator together. They exchange the information. 

2) As window, they teach JV company management as 
well as engineers regarding new rules, system, or special 
requirement as part of parent company standard. In this 
case, they act as “bridge” between parent company and 
JV company vice versa. For example, since 2004 JV com-
pany is obliged to follow ROHS (restriction used of haz-
ardous materials) program. Because it is new program 
and no body in JV company knows, therefore they ex-
plain the substance of the program and how should it be 
proceed. As on of informant says: “in this manner, Japa-
nese expert act as window in each factory. They do re-
porting, target setting, distributing the documents. As 
this is new program from parent company, therefore, the 
meeting has been held for all JV company under the same 
group and they conduct real case study for each factory”. 

3) As motivator and mentor, they give motivation to 
local engineers to pursue better capability in the future. 
He tells one of informant about his experience as Japa-
nese senior engineer including efforts to balance life as 
employee in Japanese company and his personal life. 
Despite working together in the factory, he taught my 
informant technical matters during off-work. They also 
went to social gathering together such as dinner, sport 
activities and singing songs. He wanted to see my infor-
mant to be one of future capable engineer within JV 
company. He kept his eye on my informant’s learning 
process. My informant says: “I am a young engineer in 
this company before I met him (Japanese expert) many 
years ago, then I had long discussion with him. He told 
me both good and bad side working as engineer in Japa-
nese company, about balancing life in the company and 

family. He convinced me that success at work that is for 
the advancement of family life. The better he works, the 
better life is for family too. He wanted me to learn from 
his experiences and wanted to see me as key person for 
this company in the future. Since than, I worked harder 
from early in the morning until 9 or 10 pm to learn more 
to understand work as engineer with high spirit and dis-
cipline. That is what I learned from Japanese experts, 
responsibility and hardworking”. 

4. Discussion and Conclusions 

This research has examined how to learn from foreign 
partner in the context of Japanese joint venture in Indo-
nesian electronic industry. Specifically, this research pro-
vides three type and mechanism in learning for both blue 
and white collars workers. 

Technological Capability. After 36 years JV and plus 
10 years technical assistance, PMI has been able to de-
velop their technological capability. For example in au-
dio (radio/tape/cassette) as the oldest production that 
started from 1970. Now, PMI can produce and design 
from 0 (zero). In the beginning of production only minor 
changes and modifications were made. Since 1986, audio 
department has started to make major changes and create 
own design. For example, engineer worked hard to find 
the special taste of Indonesia people such as sound with 
high treble and bass audio. They read some electronics 
journals, consults with their mentor including former su-
pervisor in college, discuss with friends in their networks, 
and discuss with Japanese expert and convince parent 
company about this product. Finally, PMI can fully de-
sign and produce audio which meet with local tastes not 
only the sound but also the physical performance of the 
product since 2000. 

Key Success. Based on discussion above, I can summa-
rize some underlying key success in learning process at 
PMI as follows: 

1) Good training system particularly with strong de-
termination of managers (factory manager and HRD man-
ager) to train blue and white collars workers. They con-
duct unique way of learning using checking mechanism, 
learning by finding problems and solutions, creating em-
barrassing environment for workers. This create strong 
fundamental of absorptive capacity ranging from acquir-
ing, assimilating, transforming and exploitation into such 
technological capability. 

2) Managers have been successful to motivate workers 
in human resources development by applying some prin-
ciples as follows: a) Long life learning process to acquire 
knowledge, not only from formal school but company as 
school for the workers; b) Try to always be in the good 
health by regular sports exercises; c) Discipline; d) Re-
sponsibility; and e) Hardworking. 

3) The existence of Japanese experts has created mu-
tual benefits and two-way rounds of learning both from 
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parent company side and JV company. PMI earned more 
advanced techniques, skills and knowledge from parent 
company while Japanese experts learned about local kno- 
wledge such as culture, languages, and market. Local part-
ner also perform daily operations and deal with wor- kers’ 
problems as well as with the government. Both parent and 
local partners work together in their own roles. 

4) Successful technology or knowledge transfer is based 
on principle “willingness to give from parent, and will-
ingness to learn from local partner”. Matsushita gave 
opportunity to PMI to develop product based on their 
needs and local taste (such as audio products). On the 
other hand, PMI has put all their efforts to utilize this 
opportunity. This contributes to the concept of absorptive 
capacity that both foreign and local partner are needed to 
ensure successful absorptive capacity. 

5) Being part of group membership, especially as JV, 
PMI has benefited from world wide production networks 
that provide human networking, accumulating experience 
and knowledge and sharing testing facilities including R 
& D facilities. 

The contribution of this research is as follows. First, 
by distinguishing the type and characteristics of each 
process, this typology enhances our understanding about 
JV as useful organizational learning mechanism, particu-
larly in Japanese joint venture in emerging economies 
[12] and about the source of firm’s heterogeneity under-
lying learning process [13,14]. Second, this extensive in- 
depth case study provides the clear evidences of the im-
portance of internal learning capability process to im-
prove technological capability; and absorptive capacity 
[15-17]; and relational rents generated from resource shar-
ing mechanism [18,19]. Third, this study, to best knowl-
edge, is a pioneer research in Indonesia since technologi-
cal issues have been paid little attention from scholars. 

For the managers, this research recommends ways to 
acquire, assimilate, and utilize the knowledge especially 
from foreign partner in JV. The typology of learning in 
this study can be used as benchmark in examining tech-
nological as well as managerial capabilities in other firms. 
Therefore, the managers can create appropriate strategies 
for their firm considering who are the foreign partner and 
resource and or capabilities they have as local partner. 

The limitation of this study is that insights from par-
ent’s company can not be examined, yet it will enrich the 
understanding of two-ways learning between parent and 
local partner, particularly from their motivation and par-
ent’s global strategies. As Matsushita is recognized as 
one of world class companies, future studies examining 
the effect of being member of high performance business 
group is also worth. A comparison with other type of IJV 
ownership will also enrich our understanding. 
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ABSTRACT 

Evaluation the core competence reasonably plays an important role in the insurance company, it is related to whether 
the insurance can maintain a stable long-term competitive advantage or not, and whether obtain a stable long-term 
excess profits or not. In this paper, we select 6 first-degree indexes (including the core competence) and 28 sec-
ond-degree indexes to evaluate the core competence of insurance company by Structural Equation Model (SEM), and 
analysis the relationships among the first-degree indexes. Besides, we use a new algorithm proposed by us to improve 
the calculation of SEM. 
 
Keywords: Core Competence, Insurance, SEM, Algorithm 

1. Introduction 

The essential of competition among enterprises is scram-
ble for the required resources of their survival and devel-
opment of enterprises, the competitiveness of enterprises 
is the ability of enterprises to compete for resources [1]. 
Traditional competitive theory still can not make a satis-
factory answer of the long-term ups and downs of Enter-
prise. However, the theory of the core competitiveness 
study the ability of optimal allocation of resources of en-
terprises from the short-term extends to long-term. And 
point out that in order to make sure the survival and de-
velopment of corporate sustainability, we must have more 
ability of optimal allocation of resources. In other words, 
companies must have strong core competitiveness. 

The core competence was first proposed by C. K. Pra-
halad and Gary Hamel [2]. This theory is a kind of busi-
ness strategy concept and paradigm which has great vi-
tality; it opened the real password of the modern business 
success in a sense. Enhance the core competitiveness 
have great strategic significance for the development of 
the insurance business. Insurance companies operate with 
the characteristics of debt, once the insurance companies 
have poor core competitiveness, poor operating perform-
ance and unable to bear the compensation or payments, 
they will harm the vital interests of the insured, and even 
affect the stability of the whole society. So it is very sig-
nificant to study the core competence of insurance com-
pany. 

The core competence of insurance company is differ-
ent from the general company. Professor J. P. Jan believes 
that the following 3 reasons account for this phenomenon. 
First, the insurance company cannot establishment the 
core competence rely on market segmentation or monop-
oly. Second, insurance products cannot apply for a patent. 
Third, regulatory authorities require the insurance com-
pany provide the transparent and open information of the 
insurance products for financial supervision [3]. Based 
on this features, many scholars establish the model to evalu-
ate the core competence of insurance company. Such as 
DEA data envelopment analysis model, BSC (Balanced 
Score Card model) [4] and so on. Among the most im-
portant and most widely recognized model is FCEM 
(Fuzzy Comprehensive Evaluation Model) [5]. However, 
all of the above models are very subjective in a sense. In 
this paper, we introduce a model in which the coefficients 
and weights are calculated by samples, so it is more objec-
tive and convincing, and could offer more deep analysis 
for the index systems. 

2. SEM for the Core Competence of      
Insurance Company 

SEM is a rapid-developing embranchment of Application 
Statistics, which has a wide application in the area of 
Psychology, Economics and Sociology [6,7], especially 
in Customer Satisfaction Index (CSI) [8] model which is 
required by a series of ISO9000 criterions. This model 
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not only studies the interior relationship among various 
factors, but also the relative and causal relations among 
latent variables. As we know, we cannot observe the 
value of the core competence directly. So it is a latent 
variable, and we can use the SEM to research. 

Different companies have different competitive ad-
vantages; it may be different with the company’s indus-
trial environment and strength. For example, Intel’s core 
competence is the chip manufacturing technology; Coca- 
Cola Company’s core competence is a trademark and 
formula, while Galanz’s core competence is the large- 
scale and low-cost production capacity. The difference of 
the external environment and internal resources among 
the different industry is very large, so the constituent 
elements and cultivation methods of the core competence 
would be different with each other. Therefore, with the 
basic principles of selected index [9], we consider the 
specificity of the insurance enterprise; identified 5 first- 
degree indexes which have relate to the enterprise’s core 
competence, all of them are latent variables. In order to 
study the core competence, we have to seek the observed 
variables for each latent variable. The variables are listed 
in Table 1 as follows: 

There exists 13 relationships among the 6 structural 
variables (latent variables), which are expressed in Fig-
ure 1 (The relationships among variables are 1 5~  , 

expressed with dashed arrowheads; the relationships 
among independent variables are 

i j , expressed with real- 

line arrowheads). The structural relationship among the 
latent variables (structural model) can be put as follows: 

As shown in the Figure 1, we can see the path rela-

tionships or causalities among these variables. Next we 
can express these causalities among the structural vari-
ables as equations as below: 
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In general, suppose that 1 ~ m   are  dependent 

variables, arranging them as a vector 

m

  by column as 

(1), that is  1,m m1 2, , ,         

1 ~

, we called it as en-

dogenous latent variables; and k   are  inde-

pendent variables, arranging them as a vector 

k

  by col-

umn also,  1,k k1 2, , ,          , we call it as exoge-

nous latent variables. Then m × m square matrix  is 
the coefficient matrix of 

B
 , and m × k matrix   is the 

coefficient matrix of  , let   is the residual vector, 

then Equation (1) may be extended as: 

B                      (2) 

where 5m   and 1k  . 

 
Table 1. Index of variables 

Structural variables Observed variables 

Organizational capacity 

1  
Employ satisfaction 

11x  
Employee turnover 

12x  
Enterprise cohesion

13x  
Staff training input rate 

14x  

Quality of service 
1  

Customer Satisfaction 

11y  
Corporate reputation

12y  
Customer loyalty

13y  
Corporate social image 

 14y
Emergency Management 

capacity  15y

Innovation capacity 
2  

New insurance  
development rate  21y

New insurance 
development cycle 22y

R & D investment
rate  23y

New insurance premium 
income rate  24y

Patents possess rate 

25y  

Market capacity 
3  

Market possess rate 

31y  
Insurance depth 

32y  
Insurance density 

 33y
Market reaction speed 

34y  
Explore new market 

capacity  35y

Risk management 

4  
Solvency 

41y  
Capital adequacy rate

42y  
Investment Income 

rate  43y
Insurance funds efficiency 

44y  

Core competence 

5  
ROE 

51y  
Sales profit rate 

52y  
Profit growth rate 

53y  
Per capita profit 

54y  
Financial stability 

factor  55y
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Figure 1. Path relationships among variables 

 
There are always two systems of equations in a SEM. 

One is a structure system of equations among structural 
variables, and the other one is a measurement system of 
equations between structural variables and observed 
variables. From the above narrative, we can know the 
Equation (2) is the structure system of equations. And the 
structural variables are always implicit and cannot be 
observed directly. So there must have many observed 
variables to reflect the structural variables. And the rela-
tionships between the latent variables and the observed 
variables are the other equations of SEM, which are 
measurement system equations. 

From the above, we know there are  exogenous la-
tent variables and  endogenous latent variables. Gen-
erally the observed variables corresponding to 

k
m

i  are 

denoted as ijx , ; , here 1, ,i k  1, ,j h  i  h i
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is the number of observed variables corresponding to  . 

Similarly, the observed variables corresponding to t  

are denoted as , , tsy 1, ,t m  1, ,s g t  , here 

 g t

t

 is the number of observed variables corresponding 

to  . Then the observation equations in the Figure 1 

can be expressed as the relationship from the observation 
variables to the structural variables: 
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Where ij , ts  are the summarizing coefficients, and 

  with subscripts are random error items. Let iX    

  1x , , ih ixi  ,   1, ,t t tg tY y y    ,  , )ih i1( ,i i     , 

 , tg t1( ,t t )     . Then combining the Equations (2), 

(3) and (4) as: 
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here SEM   is the structural equations model with posi-
tive observation. 

On the other hand, the measurement equations can be 
also expressed as follows: 
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here, ij  and ts  are the loading coefficients, and   

with subscripts are random error items yet. 

Let  and the same time let   1, ,i i ih i      t   

. Then (5) and (6) can be expressed as:   , , tg t1t 

, 1, ,i i i xiX i      k

m

              (8) 

, 1, ,t t t ytY t                    (9) 

Combine the Equations (2), (8) and (9), then we can 
get: 

, 1, ,
, 1, ,
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 m

    (10) 

here  the structural equations model with converse 
observation. 

SEM 

3. Modular Constraint Least Squares    
Solution (MCLS) 

We can skillfully use the least squares method in regres-
sion between each structural variable and its correspond-
ing observation variables, and obtain the least squares 
solution of structural variable by the modular constraint 
of structure vector if we analyzing the observation equa-
tions of SEM carefully [10,11]. The algorithm for MCLS 
can be expressed as follows: 

Algorithm 1. The MCLS of structural vector in 
. SEM

Step 1 In , suppose SEM  ,i t   all are unit vectors, 

we can calculate the least square estimates of the coeffi-
cients between each structural variable and its corre-
sponding observation variables: 
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Similarly we have 
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Step 2 In , calculate the least square estimates 

of structural variables by using of 

SEM 
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Step 3 In SEM  , make use of ˆ ,i ˆt   obtained in 

Step 2 to calculate the estimates of regression coeffi-
cients ,ij ts   according to common linear regression 

method. 
Step 4 In SEM  , make use of ˆ ˆ,i t   obtained in Step 

2 to calculate the estimates of coefficient matrix ,B  . 

Notice that (2) is a common linear regression equa-
tions, we can use the two-stage least squares method to 
calculate it. 

4. Definite Linear Algorithm with       
Prescription Constraint 

According to the above algorithm, we can get the modu-
lar constraint least squares solution based on the con-
straints of the unit structural vector. But the solutions are 
not unique, and irrelevant to the modular length of the 
latent variables. As we know, it is not reasonable to 
stipulate that modular length of each structural variable is 
1. If each modular length of the structural variable is not 
equal in possibly existing optimal solution set, then 
MCLS is not good. 

An exploring way to improve the algorithm is to find a 
more reasonable constraint to replace modular constraint. 
After getting MCLS, we can change the modular length 
of structural variable in measurement system of equa-
tions to make the path coefficient between each structural 
variable and its corresponding observation variables sat-
isfying prescription condition. That is: 
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Next, we compute the prescription condition from two 
cases. 

If the corresponding path coefficients of MCLS are all 
non-negative at the beginning, we just need to divide a 
constant at the two sides of the Equation (3) and (4). This 
constant should be the sum of corresponding path coeffi-
cients in MCLS. 

If the corresponding path coefficients of MCLS have 
negative at the beginning, we can not completely use the 
method of prescription regression [12]. However, we can 
change prescription condition and let   , ts  , 

here 0   but not 0  , and   may be decided by 
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m

tific to use SEM in the evaluation of the core competence 
of insurance company compared with traditional methods, 
such as AHP, FCEM and so on, because the coefficients 
of this evaluation system are calculated by samples rather 
than designed arbitrarily. Therefore, we can have a better 
understanding the relationships among the indexes, which 
will do a great favor to decision-making analysis and 
evaluate for the core competence of insurance company. 

user according to the actual problem. That is: 

 

1

1,   ,   1, ,
h i

ij ij
j

i  


              (18) 

 

1

1,   ,   1, ,
g t

ts ts
s

t  


             (19) 

If some initial regression coefficients are less than  , 
they are all changed as  , and the corresponding inde-
pendent variables multiplied by coefficient   should be 
removed to the left of the equation in regression process. 
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ABSTRACT 

In open economy, development of foreign trade greatly impacts on GDP growth. Adapting simple regression for re-
searching the relationship between foreign trade including total export and total import and GDP growth of Jiangxi 
province, with the collected 30-year statistical data from 1978 to 2007. The result indicates that foreign trade has con-
tributed a lot to the GDP growth of foreign trade and still has great potential to be tapped. There is a positive correla-
tion between the foreign trade and GDP. And import has influenced Jiangxi province’s economic growth more and more. 
Finally, the paper points out that in order to maintain the economic growth, Jiangxi must unswervingly implement the 
opening-up policy and be aware of trade protectionism. 
 
Keywords: Foreign Trade, Contribution, Simpler Regression 

1. Introduction 

Since the reform and opening up, China’s foreign trade, 
which is playing a significant role in the world, has be-
come more and more important [1]. But the proportion of 
China's total import volume in the GDP can not match 
the average level of the developed countries. Obviously, 
the foreign trade is closely related to economic growth in 
China. The importance of foreign trade for a country is 
increasingly prominent, though there are many resear- 
ches related to contribution that foreign trade to GDP 
growth, researches particularly focus on one province or 
region is not common. Since the reform and opening up, 
foreign trade in Jiangxi province has experienced rapid 
development. From 1978 to 2007, exports and imports in 
Jiangxi province increased from 705.7 million dollars to 
9.479 billion dollars [2].The increase of foreign trade is 
faster than the increase of GDP, and the proportion of 
foreign trade in GDP is increasing too. Therefore, this 
paper attempts to study on the contribution that foreign 
trade to GDP growth in Jiangxi province since the reform 
and opening up. 

Many domestic scholars analyze foreign trade’s con-
tribution to GDP growth by studying the stimulating ef-
fect of net export. In four-sector economy, 

ΔM)-X(Δ               

ΔGΔIΔCΔGNP




 

That’s to say the GNP increment (∆GNP) equals the 
sum of consumption increment (∆C) and investment in-
crement (∆I) and the government expenditure increment 
(∆G) and the gross export increment (∆X – ∆M). There-
fore, the percentage of increase of GDP growth caused 
by foreign trade equals the product of GDP growth and 
the contribution degree of foreign trade to GDP growth. 
And the contribution degree of foreign trade to GDP 
growth equals the quotient of the net export increment 
divided by the GDP growth increment. 

There is certain shortcoming in this method, which 
partially takes Keynes’s view and simply regards import 
as an out leakage of GDP to attain the result that import 
has negative effect on GDP growth [3]. However, trade 
theory and practice proves that both import and export 
promote the national economy welfare and economic 
growth. For example, the import of cheap commodities 
can decrease production cost and increase consumers’ 
welfare, and the import of capital goods and technology 
can promote the technological progress and improve la-
bor productivity [4]. Therefore, we cannot simply con-
sider only foreign trade export or net exports to the na-
tional economy and the influence of foreign trade should 
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be from the aspects of national economic role in promot-
ing the comprehensive analysis and evaluation. Therefore, 
the following will get down on each total foreign trade 
volume index, namely, the gross foreign trade (import 
and export), the gross import, the gross export and the 
net foreign trade (the balance of export and import)on 
analysis of several aspects of GDP. As a result, both im-
port and export should be considered in research to 
evaluate their influence on national economy separately. 
This paper analyzes contribution of foreign trade to GDP 
growth from the perspective of foreign trade volume, 
import volume, export volume and the net export volume 
respectively. 

The general idea of this paper is to use multivariate 
linear regression analysis method in econometrics, taking 
indices related to foreign trade as repressors and GDP as 
explained variable in this model. Then use SPSS 11.5 
and Excel 2007 for statistical analysis in order to test 
foreign trade’s contribution to GDP growth of Jiangxi 
province. 

2. The Construction of Model 

2.1 Hypothesis 

Different indices related to foreign trade contribute to 
GDP growth in different degree. 

2.2 The Construction of Simple Regression Function 

εXAAY 10   

where Y refers to the explained variable related to GDP 
growth. X is the variable related to foreign trade. A0 is 
the constant; A1 is coefficient which stands for the degree 
of variable’s increase caused by each unit’s increase of 
explaining variables. As different indices are discussed in 
this paper separately, simple regression analysis is enough 
in the research. 

Taking statistic data from 1978 to 2007 of Jiangxi pro- 
vince as sample, this paper analyzes foreign trade’s con-
tribution to GDP growth in Jiangxi province from four 
aspects including foreign trade volume, import volume, 
export volume and net export. 

3. Construction and Test of Econometric 
Model 

3.1 Foreign Trade Volume’s Contribution 

In order to reveal the total foreign trade’s contribution to 
GDP, this paper analyzes the ratio of dependence on for-
eign trade and relation coefficient between foreign trade 
and GDP. 

3.1.1 The Ratio of Dependence on Foreign Trade 
The ratio of dependence on foreign trade is the ratio of 
total foreign trade in GDP, which reveals the dependency 
of a country’s economy and the open level of the coun-

try’s market. Therefore, 
Ratio of dependence on foreign trade = total foreign 

trade/GDP 
The result figured out according to the statistic data of 

foreign trade from 1978 to 2007 in Jiangxi province sho- 
ws that the ratio of dependence on foreign trade in Ji-
angxi province, which has an overall increasing trend 
(see Figure 1), increased from 1.22% in 1978 to 12.67% 
in 2007. That’s to say, the economic growth of Jiangxi 
province relies on the growth of foreign trade volume to 
a certain degree. 

3.1.2 Correlated Coefficient and Regression 
Based on above analysis and data, it can be found that 
there is linear correlation between foreign trade volume 
and GDP. 

The following part analyzes foreign trade volume’s 
contribution to GDP from the aspect of general correla-
tion coefficient. The equation is 
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Based on the statistical data, the author analyzes the 
foreign trade volume of Jiangxi province from 1978 to 
2007, and attains the general correlation coefficient ρ = 
0.971906, so there is strict correlation between foreign 
trade volume and GDP. 

However, how much has foreign trade volume stimu-
lated GDP? Using general least square technique estima-
tion to do further regression analysis, before which T test 
and F test are carried on. 

Suppose Y stands for the total GDP, and XM stands 
for the total foreign trade volume. The result of the re-
gression analysis is shown as the following: 

The regression formula is, 

Y = 658575.03 + 8.276XM  

R2 = 0.927 F = 358.82 > F0.05 = 4.2 
 

 

 

Figure 1. The trend of dependency of Jiangxi’s GDP on 
foreign trade 
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The regression results show that: (1) there is strong 
positive correlation between Jiangxi province’s foreign 
trade volume and GDP, and the fitting degree shown as 
Figure 2, in which the purple line represents the regres-
sion line and X represents total foreign trade, is very 
good, which means that the expansion of foreign trade 
can promote economic growth; (2) the regression coeffi-
cient of total GDP and foreign trade is 8.276, which 
means that every US $ 1 increase in foreign trade can 
increase US $ 8.276 in GDP, and the marginal outputs of 
foreign trade is quite high. It further verifies the impor-
tance of developing foreign trade. 

3.2 Correlation between Export Volume and 
GDP 

3.2.1 Ratio of Dependence on Export 
The ratio of dependence on export refers to the degree 
that a country’s national economy relies on export. That 
is the proportion of export in GDP, which can be attained 
in the formula: 

Ratio of dependence on export = export/total GDP 

Based on the statistical data, we have figured out the 
ratio of dependence on export increasing from 0.88% in 
1978 to 7.30% in 2007 in Jiangxi province. It reached the 
peak in 2007 particularly. That’ s to say, the degree that 
economic growth of Jiangxi province relies on the growth 
of foreign trade volume is overall increasing, especially 
during 1978 to 1994. 

3.2.2 Correlated Coefficient and Regression Analysis 
Suppose Y stands for the total GDP, and X stands for 
export. Using general least square technique estimation 
to do further regression analysis on the bases of the cer-
tain data, and the result is shown as the following: 

The regression formula is, 

Y = 495610.794 + 14.420X 

R2 = 0.930 F = 374.495 > F0.05 = 4.2 

The regression results show that: (1) there is strong 
positive correlation between Jiangxi province’s export 
and GDP, and the fitting degree shown as Figure 3, in 
which the purple line represents the regression line and X 
represents export, is very good, which means that the ex-
pansion of export can promote economic growth; (2) the 
regression coefficient of total GDP and export is 14.42, 
which means that every US $ 1 increase in export can 
increase US $ 14.42 in GDP, and the marginal outputs of 
export is quite high. It proves the rationality of export-led 
economy. 

3.3 Correlation between Import Volume and 
GDP 

3.3.1 Ratio of Dependence on Import 
Similar to the ratio of dependence on exports, the ratio of 

dependence on import refers to the degree that a coun-
try’s national economy relies on import. That is the pro-
portion of import in GDP, which can be attained in the 
formula: 

Ratio of dependence on import = import/total GDP 

Based on the statistical data, we have figured out the ra-
tio of dependence on export in Jiangxi province increasing 
from 0.34% in 1978 to 5.37% in 2007. It reaches the peak 
in 2007 particularly. That’ s to say, the degree that eco-
nomic growth of Jiangxi province relies on the growth of 
foreign trade volume is still overall increasing , but im-
port falls in some years due to certain reasons. 

3.3.2 Correlated Coefficient and Regression Analysis 
Suppose Y stands for the total GDP, and M stands for 
import. Using general least square technique estimation 
to do further regression analysis on the bases of the cer-
tain data, and the result is shown as the following: 

The regression formula is, 

Y = 899939.8024 + 18.98M 

R2 = 0.904F = 263.69 > F0.05 = 4.2 

The regression results show that: (1) there is strong 
positive correlation between Jiangxi province’s import 
and GDP, and the fitting degree shown as Figure 4, in 
which the purple line represents the regression line and X 
represents import, is very good; (2) The regression coef-
ficient of total GDP and import is 18.89, which means 
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Figure 3. The fitting effect of GDP and export 
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that every US $ 1 increase in import can increase US $ 
18.89 in GDP, and the marginal outputs of export is quite 
high. It shows that Jiangxi province is performing well in 
import and in order to achieve the objective of opening 
up, the import should be further encouraged. 

3.4 Correlation between Net Export Volume and 
GDP 

In order to study the final factor of foreign trade contrib-
uted to economy, the paper analyzes the net export too. 
According to Y = F (K, L, X – M), the net export obvi-
ously promote economy. The net export is represented by 
(X – M), Using general least square technique estimation 
to do further regression analysis, and the result is shown 
as the following: 

The regression formula is, 

Y = 53732.69 + 41.386 (X – M) 

R2 = 0.7F = 65.039 > F0.05 = 4.2 

The regression results show that: (1) there is strong 
positive correlation between Jiangxi province’s net ex-
port volume and GDP, and the fitting degree shown as 
Figure 5, in which the purple line represents the regres-
sion line and X represents net export, is very good, which 
means that the expansion of net export can promote eco-
nomic growth; (2) the regression coefficient of total GDP 
and net export is 41.386, which means that every US $ 1 
increase in foreign trade can increase US $ 41.386 in GDP, 
and the marginal outputs of foreign trade is remarkable 
high. That’s to say, Jiangxi could pursue trade surplus 
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Figure 5. The fitting effect of GDP and net export 

aimlessly. It can help to accumulate the capital and for-
eign exchange deposit so that to enhance higher speed of 
economic growth. 

4. Conclusion and Discussion 

1) The empirical study suggests that the total foreign 
trade volume, the import volume, the export volume and 
the net export volume all have strict correlation ship with 
Chinese Jiangxi Province’s GDP. One should be paid 
more attention to is that the correlation between import 
and GDP is bigger than that between export and GDP. 
That is to say, import plays better than export in stimu-
lating GDP growth. This result tells us that Jiangxi could 
not ignore the impact of import on stimulating economy 
while enhancing export, and the contribution of import to 
GDP growth at any time, or restrict the import to pursue 
foreign exchange deposit, and could not follow America 
to buy “CHINA” either. 

2) With deepening the reform and opening-up, the rate 
of foreign trade dependence is becoming bigger increas-
ingly; the correlation between GDP and export as well as 
import is enhanced year by year. Although the improve-
ment of foreign trade in Jiangxi to GDP growth is less 
than that in some of eastern provinces, Jiangxi, as an 
inner province, without geography location advantage, its 
export-led economy still has a wonderful future as long 
as it can make the most of each kind of resources. 

3) Keynes, a famous economist, ever said: “export is 
for better import”. That is to say, export is to provide with 
better situation to support importing what we don’t have 
or more efficient products. As an inner province, though 
Jiangxi can make the most of its resources and improve 
its employment rate, it could not restrict import while 
expanding export. Otherwise, it will slow down the speed 
of improving the living level of the people in Jiangxi. 
Simultaneously, it will be harm for the effective use of 
global resources and for the integration as well. 

While, future research should be proceeded. As being 
known that linear regression is based on the hypothesis 
that the linear relationship between foreign trade and  
economic growth is true, but in fact, it may be not perfect 
to research the above issue. So we should adapt more 
advanced methods for researching the casualties between 
foreign trade and economic growth. Whether there exists 
long time or short term stable causalities could be further 
researched in the future. 
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ABSTRACT 

A quantitative method to evaluate social risk using structural equation model (SEM) is developed. Evaluation of social 
risk is the essential step in early warning of social risk. On the basic of the society stability, a scientific and applicable 
index system of social risk is put forward, which includes 6 first-level indexes and 40 second-level indexes. Based on 
these indexes and relationships among them, a structural equation model is introduced, and an improved partial least 
square (PLS) algorithm by finding the best iterative initial value is proposed. 
 
Keywords: Social Risk Evaluation, Structural Equation Models, Unit Vector Constraint 

1. Introduction 

Nowadays, social conflict of different interest has beco- 
me more and more intense, which consequently result in 
potential social risks. In 1986, Ulrich Beck the German 
prominent sociologist put forward the theory of risk so-
ciety in his best works, Risk Society. Social risk refers to 
the uncertainty that endangers the social stabilities, equi-
librium and development. Generally speaking, our social 
risk management gets along with economic mechanism 
very well, but because of the relationship and sequence 
between the reformation and social risk management, it's 
inevitable that social risk management policy often lags 
behind the reform. This kind of lagging makes social risk 
management unable to resolve the rough social problems 
in time. Therefore, it's necessary to appraise and super-
vise the social risk, to the effect that we can detect the 
incompatibility between the policies and the develop-
ment of the society, and make necessary adjustment in 
time. Therefore, an evaluation system for social risk 
should be established in order to accurately predict and 
rapidly react in very early stage, with the purpose of 
minimizing social and economic losing. 

Social risk evaluation is a broader concept for the ide- 
as of the so-called social indicators movement which 
goes back to a classical work of Raymond A. Bauer, So-
cial Indicators, from 1966 [1]. The Club of Rome raised 
considerable public attention in 1972 with its report The 
Limits to Growth, a brilliant publication which is infl- 
uential still today. It predicted that economic growth 
could not continue indefinitely because of the limited 

availability of natural resources [2]. Prof. Linfei Song 
has begun the research on social risk early warning using 
the methods of social indicators since 1990s. And in 
1995 he put forward the social risk synthesized index 
system (SRSS), which including 50 indexes. But the 
summarizing coefficients in this index system are de-
signed aforehand. In 2004, Prof. Yaojun Yan built up the 
social stability early warning system, which includes 55 
indexes containing the domain of political, economic, 
social natrural and international environment. There were 
greatly improved and development between the latter 
index system and the former in both the scientificalness 
and rationality [3,4]. 

At present, main systematic evaluation methods of so-
cial risk, which are in common use, includes Analytic 
Hierarchy Process (AHP), Systematic Grading Method 
and Fuzzy Systematic Grading Method and so on. There 
are always index systems in these evaluation methods, 
and these indexes need to be summarized. Traditionally 
the summarizing coefficients are designed aforehand, 
usually in the form of expert grading or questionnaire 
investigating. However, in this paper, we introduce a 
method in which the summarizing coefficients are calcu-
lated by samples, so it is more objective and convincing, 
and could offer more deep analysis for the index systems. 

2. Measure the Social Stability by SEM 

SEM is a rapid-developing embranchment of Application 
Statistics, which has a wide application in the area of Ps- 
ychology and Sociology, especially in Customer Satis-
faction Index (CSI) model which is required by a series 

mailto:tonghengqing@126.com
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of ISO9000 criterions. This model not only studies the 
interior relationship among various factors, but also the 
relative and causal relations among latent variables. 

There are always two systems of equations in a SEM. 
One is a structure system of equations among structural 
variables, and the other one is a measurement system of 
equations between structural variables and observed var- 
iables. It has been thought and said that establishing a 
scientific and rational evaluation index system can not 

only provide a credible gist for decision-making analysis 
of social risk, but also maintain our social stability and 
harmony. Therefore, it’s important and urgent to quanti-
tative analysis and build effective social risk index im-
mediately. Now we build a SEM for evaluation of social 
risk. The model includes 6 structural variables and 40 
observed variables. The variables are listed in Table 1 as 
follows: Notice that the numbers of observed variables 
corresponding each structure variable are 6, 6, 8, 8, 5, 7. 

 
Table 1. Index of variables 

Structural variables Observed variables 

The influence degree by the world 
economic recession 11x  

The influence degree by economic 
sanctions and economic frictions 12x

The effect degree by armed interven-
tions and terrorist attacks 13x  

Situation of external 
environment 1  

The quantity of people died in disas-
ters 14x  

the proportion of damage area caused 
by disasters 15x  

Proportion of economic loss caused by 
disasters 16x  

Per capita GDP growth rate  11y
Per capita state revenue growth rate 

 12y
Growth rate of agriculture added value  

 13y
Economic power 

index 1  Contributions rate of scientific and 
technological to the economic growth 

 14y

Urban residents per capita disposable 
income growth rate  15y

The consumer price index(CPI) 

16y  

Household annual savings ratio  21y
Society-wide general retail price 

index  22y
Engel's coefficient 

23y  

Medical insurance coverage rate 24y Urban unemployment rate  25y
Endowment insurance coverage rate 

 26y
Social security level 

2  

Unemployed insurance coverage rate 
 27y

Population proportion below security line for minimum subsistence  28y

the number of police officers for every 
10,000 people  31y

Incidence rate of crime by taking 
advantage of duty of national public 

servants  32y

The incidence rate of major criminal 
cases  33y

Activity level of Religious activities 
 34y

The incidence rate of major accidents 
 35y

The quantity of letters and visits from 
the people  36y

Capability of 
Social controlling 

3  

Divorce rate  37y The incidence rate of major economic cases  38y

per capita income ratio of the high-
est-income industries and the low-

est-incomes industries  41y

the income ratio of the 10% of the 
highest-income earners with 10% of 

the lowest-income earners  42y

the gini coefficient ratio of rural resi-
dents and urban residents  43yDistribution of so-

cial wealth 4  

gini coefficient  44y Residents’ disposable income ratio of urban and rural  45y

the confidence level of the social 
development prospect  51y

Satisfaction rate with the relations 
between cadres and the masses  52y

Satisfaction rate with the economic 
income  53y

Gross National tolerance on the cor-
ruptions  54y

Tolerance on the inequity of the 
administration of justice  55y

National Tolerance on the income 
differentials  56y

Social psychology  

5  

Gross National Happiness index (life satisfaction and subjective well-being index)  57y
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There exists 13 relationships among the 6 structural 
variables (latent variables), which are expressed in Fig-
ure 1 below (The relationships among variables are 

1 ~ 5  , expressed with dashed arrowheads; The rela-

tionships among independent variables are i j , expressed 

with real-line arrowheads). The structural relationship 
among the latent variables (structural model) can be put 
as follows: 

Among the structural variables there are some path re-
lationships or causalities. These causalities among the 
structural variables can be expressed as equations as be-
low. 
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In general, suppose that 1 ~ m   are  dependent 

variables, arranging them as a vector 

m

  by column as 

(1); and 1 ~ k   are k  independent variables, arrang-

ing them as a vector   by column also. Then   B

square matrix  is the co fficient matrix of B e  , then  
       

m × k matrix   is the coefficient matrix of  ,   is  

the residual vector, then SEM (1) may be extended as: 

B                       (2) 

The structural variables are implicit and cannot be ob-
served directly. Each structural variable is corresponding 
with many observed variables. 

Suppose that there are M observed variables and each 
one has  observed values, then we will get a N N M  
matrix. The relationships between the structural variables 
and the observed variables can also be expressed as fol-
lows: 
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where tjx , 1,...,5j   (There are 5 observed variables 

in Table 1) are the observed variables corresponding to 

t ,  .,t L i1,..  (  L i  are respectively 6, 6, 8, 8, 5, 7, 

in Table 1) are the observed variables corresponding to 

i , 1,...i m , 1 j , ij  are load items. We call (2) (3) 

(4) a SEM for evaluating the social risk.
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Figure 1. Social risk index model  
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3. The Best Initial Value in PLS Algorithm 
of SEM 

At present, there exist two algorithms to solve SEM, one 
is Linear Structure Relationship (LISREL) which has a 
abundant theory system but lacks of practicability, the 
other one is PLS which is widely applied in many areas 
but its convergence can not be assured or its convergence 
rate is too slow, since its iterative initial value is given 
arbitrarily. However, we find that arbitrary initial value is 
not necessary and PLS can be calculated by a suitable 
iterative initial value based on the least square estimation 
in the observation equations. 

Equation (4) can be written as: 

i i iY                          (5) 

And i' Λ ' ' Λ ' Λ 'Λi i i i i i i iY Y      , it we set struc-

tural variables as unit vectors, namely 'i i 1   , then: 

' Λ Λi i i iY Y                    (6) 

Which is an approximate equality between two 
 matrixes under the meaning of least square 

and its detail form is: 
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Be attention each element in the left is the product of 
two vectors, while element in the right is the product of 
two numbers. Next set diagonal elements in the two sides 
equal, then: 

2 ,   1, ,k i k i k iy y k j              (8) 

We can do it for variable   with the same method. In 

this way we get the initial value of coefficients between 
observed variables and structural variables under the 
meaning of least square, namely the estimation value 

 of matrix . 1 (
ˆ ˆ ˆ( , , )i i iL i     ) Λi

Next we will estimate structural variable i . Suppose 
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where vector 1 ( )( , , )s i s iL i sY y y    is the transversal 

vector of matrix . Let vector iy î  multiple two sides 

of (9), we get the least square estimation of is  
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where î  has been estimated before. We can also get 

estimate tj  and t  in the same way. Then we get all 

estimation values of structural variables, they satisfy 
( )

1

L i

j


y

|| || mi i j i jy  in              (12) 

Its geometrical meaning is to seek the distance be-
tween a unit sphere and a hyper-plane and its solution is 
unique under the condition that it is not linearly depend-
ent among vectors . ij

After getting the least square solution ˆ ,t î   of the 

structural system of equations, we can easily gain the 
solution of (2) with two-phase least square method. In 
other words, it dose not need to iterate since we get the 

least square solution ˆ ˆ,t i   of the observed equation 

system based on unit vector constraint and the solution 
satisfy the two systems of equations of SEM. 

4. Final Remarks 

In this paper, we propose structural equation model to 
measure social risk. It is more objective and scientific to 
use SEM in the evaluation of social risk compared with 
traditional methods, such as AHP, Fuzzy Systematic Gra- 
ding Method and so on, because the summarizing coeffi-
cients of this evaluation system are calculated by samples 
rather than designed aforehand. Therefore, we can have a 
better understanding the relationships among the indexes, 
which will do a great favor to decision-making analysis 
of the social stability. 
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ABSTRACT 

Many experts believe that the global financial crisis in 2008 is the worst of its kind since the Great Depression in 1929. 
The crisis was started from housing market in the US and spread quickly into financial markets. It has had a ripple ef-
fect around the world and many other industrialized economies were troubled by its consequences and almost every 
industry has been influenced by its outcomes. Online retail (or B2C e-Commerce) as a part of retail industry was not 
immune from the financial crisis and its sales has a dramatic decline. In this paper it is found that 3 factors are main 
players which have impacted on online retail sales including: less credit available; increasing saving rate and de-
creasing consumption expenditures and falling consumer confidence and sentiment. Also by representing several fig-
ures and tables, factors affecting this trend such as age class, income and gender are discussed. 
 
Keywords: Financial Crisis, Online Retail, B2C e-Commerce 

1. Introduction 

The year of 2008 was not a good year for economy. In 
this year many countries were troubling by financial cri-
sis. Many experts believe the crisis was started from hous-
ing market in the US and then was spread into financial 
markets. Through this way many banks and financial 
firms around the globe were affected by consequences of 
the crisis. 

The housing bubble in the United States grew up 
alongside the stock bubble in the mid-90s. Increasing in 
stock prices made unexpected wealth for people and they 
started to spend this extra money. This led to the con-
sumption boom of the late 90s, with saving rate out of 
disposable income falling from close to 5% in the middle 
of the decade to just over 2% by 2000 [1]. This extra 
money encourages people to buy better and bigger homes. 
So it results in exceeding demand than supply because in 
the short-run the supply of housing is relatively fixed. 
This increase in demand triggered housing bubble and it 
led to an increase in price. Therefore the house price 
grew from 1992 to 2005 and it peaked in 2006. After that 
by bursting the housing bubble, prices started to decline. 

The signs of financial crisis appear by housing bubble 
burst and drastic decline in house prices which were 
started in 2007, and eventually with the failure, merger or 
conservatorship of several large United State-based fi-
nancial firms it became prominently visible in September 

2008. The crisis had a ripple effect around the world and 
many other industrialized economies were troubled by its 
consequences. It caused a deep recession and many be-
lieve the crisis is the worst of its kind since the Great 
Depression in 1929. 

Outcomes of the crisis are not just limited to financial 
and housing markets. Its consequences have spread 
around the world and affected almost all aspects of peo-
ple’s lives. For example it has several significant socio- 
economic impacts such as: 

Increasing unemployment rate: By incidence the fi-
nancial crisis, companies tried to reduce their expenses 
so as a solution they cut the number of their employees. 
Therefore the crisis resulted in increasing in unemploy-
ment rate. 

Inflation or deflation: The crisis has had both infla-
tionary and deflationary effects in the world. It causes 
people have less credit to finance their purchases so by 
diminishing trades and decrease in demand, prices come 
down. This situation is named deflation. On the other hand 
to repel the crisis some governments injects money into 
society. Sometimes this decision has inflationary results 
as it caused increasing inflation rate in some countries 
[2]. 

Moreover, the financial crisis has influenced major 
industries such as auto manufacturers, health insurance, 
tourism and etc. Another major industry which is influ-
enced by the financial crisis is retail industry. Retail in-
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dustry composed of 2 main sections: offline or traditional 
retail and online retail (business to consumer or simply 
B2C). In another point of view online retail is a kind of 
e-Commerce which can be categorized under the IT in-
dustry. This paper is trying to investigate how the global 
financial crisis in 2008 has affected online retail. 

2. Background 

Since the global financial crisis is a recent event, there is 
no particular academic research about its probable effects 
on e-Commerce, specially B2C e-Commerce or online 
retail. There are just a few news websites or market re-
search websites which have performed researches related 
to this topic. For example NYTIMES.com and Forrester 
Research Inc. are two main websites which had some in- 
formation about the impact of financial crisis on e-Com- 
merce. According to [3] it was predicted the financial 
crisis would not have any visible impact on technology 
sector. It was expected jus Internet advertisement com-
panies that got much of their business from mortgage 
brokers and some software companies which sell their 
product to financial services companies would face trou-
ble. But after a while on October 2008 Wall Street Jour-
nal notified that the technology industry which had seemed 
immune to the financial crisis, was squeezed because of 
slackening demand and cutting costs to prepare for a 
prolonged downturn [4]. Companies like Intel in hard-
ware sector and SAP in software sector have faced such 
problems. Also, to reduce costs some other giant compa-
nies like Google, Yahoo and eBay have cut down the 
number of their employees. Altogether, it can be said the 
technology sector like other industries is affected by the 
consequences of the financial crisis. Actually the crisis 
has affected customer behavior in many ways. It has 
changed customers’ buying priority. 

3. Statistics and Analysis 

Occurrence of financial crisis has a significant impact on 
the US economy. Increasing unemployment rate and lack 
of a strong financial resource for household have caused 
their buying power has diminished and people are forced 
to have a fundamental revision on their shopping way. 

By comparing statistics from [5-10], it can be clearly 
seen that online retail is affected by the crisis (Table 1). 

 

In the first quarter of 2008 and before appearing crisis 
signs, online retail sales was about $ 32.4 billion, a 
growth of 13.4% respect to the same period time last year. 
16.9% decline in online retail sales in the first quarter of 
2008 respect to prior quarter was because of increasing 
sales in the holiday season as there is in the 4th quarter of 
2008 and 1st quarter of 2009. In the 2 next quarters it has 
8.9% and 4.6% growth respect to same period in the last 
year, a decreasing growth. Totally can be seen in 2008 
online retail has a decreasing growth and in 2009 it 
reached to an increasing negative growth. These statistics 
show how the financial crisis has affected online retail 
industry. It has caused a decline in overall growth rate for 
the industry. There could be supposed several reasons for 
the decline: 

Online buyers have less available credit to finance 
their purchases [11]. A consequence of financial crisis is 
Credit Crisis. A credit crisis is a reduction in the general 
availability of loans or a sudden tightening of the condi-
tions required to obtain a loan from the banks [12]. So 
consumers are no longer to take equity out of their homes 
to fund spending. Moreover less credit available causes 
fewer credit cards issues. One important feature which 
attract consumer to buy online is convenient use of credit 
cards. Credit crisis has an effect on online buyers spend-
ing through credit cards. 

Economic conditions have forced people to save more 
than past [11]. According to [13] in the past 4 quarters 
consumption expenditures had negative growth, in third 
and fourth quarters of 2008 it had 4.7% and 5% decline 
respectively and in the first and second quarters of 2009 
with smoother decline it had 1.5% and 1.3% negative 
growth respectively. Moreover saving rate has had a sig-
nificant growth rate in the same period (Table 2). It 
reached from 2.2% in third quarter of 2008 to 5% in sec- 
ond quarter of 2009. 

Reduced consumption expenditures means decline in 
spending by customer and increasing saving rate also im- 
plies further decline. In these economic conditions people 
try to do something which makes them feel more confi-
dent. With less job security and increasing unemploy-
ment rate they try to reserve a safe financial source for 
hard times. This situation can be translated into difficult 
times for retail industry. In a recession period online 
buyers look for retailers who discount their products and 

Table 1. Retail and online retail sales 2008 – 2009 [5-10] 

 
Online Retail 

Sales 
Percent Change From 

Prior Quarter 
Online retail sales Percent Change 
From Same Quarter a Year Ago 

retail sales Percent Change From 
Same Quarter a Year Ago 

Online retail as a 
Percent of Total

1st Q 2008 $ 32.4 billion –16.9% 13.4% 3.7% 3.4% 
2nd Q 2008 $ 32.5 billion 0.5% 8.9% 2.3% 3.1% 
3rd Q 2008 $ 31.6 billion –2.8% 4.6% 0.9% 3.1% 
4th Q 2008 $ 37.1 billion 17.3% –5.5% –8.6% 3.8% 
1st Q 2009 $ 30.2 billion –17.7% –5.7% –11.6% 3.6% 
2nd Q 2009 $ 30.8 billion 2.1% –4.5% –10.6% 3.3% 
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Table 2. Consumption expenditures and saving rate 2008 – 2009 [13] 

Percent Change From Prior Quarter Quarter
 

Case 1st Q 2008 2nd Q 2008 3rd Q 2008 4th Q 2008 1st Q 2009 2nd Q 2009 

Consumption
Expenditures

3.7% 3.9% –4.7% –5.0% –1.5% –1.3% 

Saving Rate 1.2% 3.4% 2.2% 3.8% 3.7% 5.0% 
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Figure 1. Consumer confidence index (CCI) 2000 – 2009 

 
services. Those retailers who sell luxury brands and spe-
cialty products will damage more than others. 

Other effecting factors are CCI and CSI indices. These 
factors measure consumers’ attitude toward economy and 
their own financial conditions and are indicators designed 
to measure consumer confidence, which is defined as the 
degree of optimism on the state of the economy that con-
sumers are expressing through their activities of saving 
and spending [12] Based on Figure 1 CCI has sharply 
declined through August 2007 to February 2009. It means 
people became more pessimists about the economy. Also 
CSI which is represented by Reuters/University of Michi-
gan Surveys of consumers has a similar trend. According 
to the August report Consumers increasingly expect the 
economy to improve in the months ahead even as they 
report the worst assessments of their personal finances 
since the surveys began in 1946. Although the economic 
recovery is likely to have already started, consumers’ 
spending will remain in low gear for an extended period 
of time. Director of the survey has said the growth of total 
personal consumption expenditures at just 1.6% during 
2010. The Index of Consumer Sentiment was 65.7 in the 
August 2009 survey, just below the 66.0 in July and the 
67.5 in last year’s August survey. The key August 
change was in the job situation. Consumers believed the 
unemployment rate was nearing its cyclical peak, al-
though most thought it would still increase to just above 
10% [14]. 

4. Traditional Retail vs. Online Retail 

Aforementioned reasons have caused online retail sales 
to decline, though by referring to Table 1 and comparing 
total retail and online retail, it can be inferred that traditi- 
onal retail had a bigger reduction in sales than online ret- 
ail. Several reasons could be supposed for this situation: 

Online retail has attractive inherent features which are 
inherited from electronic commerce. Online consumers 
could easily buy everything they need ay any times in 
any where they have connection to Internet. So availabil-
ity is an appealing characteristic of online retail (Figure 2). 

Online shopping seems a less expensive way of buying. 
Searching products online make online buyers avoid im-
pulse buying. Moreover they could use free shipping 
offers so it save money even more. Also usually there are 
many discount and bonus which are offered by retailer 
websites. Moreover pure online retailers don’t have costs 
such as store maintenance, tax and etc so they could pro-
vide cheaper products or services. Also by shopping 
online, customers don’t pay for fuel or transportation 
expenses. 

Online buyers are typically wealthier and less affected 
by the economy. Online buyers with household incomes 
of $ 75,000 or more, represent the largest group of the 
online buying population [11]. So recession does not 
affect this group severely and they won’t change their 
shopping habits intensely. 
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Disproportionate online spending by men will support 
online sales. The male/female spending split is almost 
equal online; this contrasts with offline, where women 
are commonly held to account for roughly 70% of pur-
chases. The percentage of males who will shop less overall 
is 18 percentage points lower than the percentage of fe-
males who will adopt the same attitude as a result of the 
current state of the US economy [11]. 

Internet provides a comprehensive set of information 
related to a particular product or service. This facility at-
tracts more people to shop online. They could conven-
iently use search engines to acquire information they 
need. Since online buying has no switching cost, online 
customer could freely use search engine to find what they 
want. Internet helps online buyers feel more confident 
that they are buying the right product to meet their needs. 

Online shopping offers consumer and expert opinions 
[11]. Product reviews are one of the features that clearly 
distinguish the online experience from the offline one. 
This type of content offers an extra boost of confidence 
and will continue to attract consumers. 

5. Studying New Trends among Online  
Buyers after Financial Crisis 

Financial crisis of 2008 has changed online buyers’ sho- 
pping habits. Actually they are trying to adapt themselves 
to new conditions. This adaptation has caused some new 
special trends among buyers and consequently online 
buyers. 

New economic conditions have forced online buyers to 
cut back considerably on their online purchases. Many 
online consumers scaled down in holiday season of 2008. 
Holiday season usually is a good time for online retail 
industry but according to the results of surveys 70.8 per-
cent of online consumers have said they are planning to 
spend less money holiday 2008 compared to past holiday 
seasons [15]. The online Holiday Spending Survey was 
conducted during the height of the worst economic crisis 
in decades which has had a significant impact on con-
sumer confidence—a key driver in the consumer spend-
ing equation (Figure 3). 
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Figure 2. Consumer sentiment index (CSI) 2008 – 2009 
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Figure 3. Are you planning to spend less money this holiday season than in past holiday seasons [15]?  
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The factors that directly affect 70.8 percent of online 

consumer’s decisions to spend less 2008 holiday season 
are: increasing prices of necessities (39.5%), lack of con-
fidence in the economy (30.6%), less money coming in 
overall (14.1%), and decreasing home values and other 
savings (Figure 4) [15]. 

Other significant contributing factors found in this 
survey (unemployment, lack of annual bonus, and credit 
line reduction) are closely tied to the effect the economy 
has on consumer’s discretionary income. 

When it comes to researching and purchasing 2008 
holiday season, online shopping resources are gaining 
ground on the traditional offline approach. 96.5 percent 
of shoppers expected to do some purchasing online in 
2008 holiday season. Survey results from the October 2007 
Holiday Trends Survey compared to the recent Holiday 

Spending Survey highlights that online consumers ex-
pected to purchase more online than last year. This holi-
day season, 55 percent of survey respondents expected to 
purchase more than half of their holiday gifts online, 
while only 45 percent had expected to purchase online 
last holiday season—an increase of 10 percentage points 
over a one year period (Figure 5) [15]. 

Holiday season of 2008 it was all about researching 
the lowest price and finding the best value. Convenience 
is secondary for most consumers. Online shoppers find 
shopping and purchasing online appealing because it is 
easier to compare and find the lowest price (37.4%), it 
provides the convenience of shopping at anytime and 
from anywhere (24.1%), it offers free shipping and return 
policies (23.9%) and it provides online shopper to avoid 
stressful crowds and parking (14.6%) (Table 3) [15]. 
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Figure 4. Why have you decided to spend less money holiday season of 2008? [15]  
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Figure 5. How much of your holiday purchasing do you expect to do ONLINE? [15]  

 
Table 3. Which appeals to you most about shopping and purchasing ONLINE holiday season of 2008? [15] 

Rank Reason Percent 

1 Easier to compare and find the lowest price 37.4 

2 Convenience of shopping anytime/anywhere 24.1 

3 Free shipping offers and return policies 23.9 

4 Avoid stressful crowds and parking 14.6 
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Savvy online consumers have used a variety of tech-

niques to save money in 2008 holiday season. The pri-
mary technique which 53.1 percent of online shoppers 
used this holiday season to save money was sticking to a 
budget to control impulse buying. Survey findings show 
that consumers were taking the time to research and find 
deals by shopping at discount or outlet stores (43.1%), 
using shopping comparison Web sites (37.6%), and only 
purchasing sale items (34.6%) (Table 4) [15]. 

Online consumers struggling in a weak economy con-
tinue to use the Internet to shop. 91 percent of online 
shopper use Internet because researching products online 
makes them feels more confident about their purchases. 
Same percent of online buyers announce that comparing 
prices online reassures them that they are getting the best 
deal. Seventy-five percent of online consumers looked to 

purchase from merchants that do not charge sales tax or 
offer free-shipping.54 percent of online buyer said they 
search for coupons and discounts online even if they plan 
to shop offline. Another 37 percent of online consumers 
used the Internet to purchase products because it helped 
them avoid impulse purchases (Figure 6) [16]. 

Women ‘spend less’ consistently more than men 
‘spend less’. Interestingly, a higher percentage of women 
reported that they made an effort to spend less on dining 
out (74%), entertainment (72%), and purchasing online 
(55%) or purchasing in-store (69%) as compared to men. 
Overall, the majority of consumers have spent less on 
eating out at restaurants (69%), engaging in entertain-
ment outside the home (67%), purchasing consumer 
goods and services online (47%) and in-store (63%) in 
response to the tough economic times (Figure 7) [17]. 

 
Table 4. Which money saving techniques will you use in the next few months to save money on holiday shopping? [15]  

Method Percent 
Stick to a budget to control impulse buying 53.1 
Shop at discount or outlet stores 43.1 
Use shopping comparison web sites 37.6 
Only purchase sale items 34.6 
Use a low interest credit card and/or cash 15.5 
Not giving gifts to people who received them last year (e.g. co-workers, service attendants) 10.1 
Make items (i.e. crafts) 9.5 

 
 

I use the internet to purchase products because it 
helps me avoid impulse purchases 

I search for coupons and discounts online even if I 
plan to shop offline 

I look to purchase from merchants that have no  
sales tax and offer free shipping 

Comparing prices online reassures me that I am  
getting the best deal 

Researching products online makes me feel more 
cofident about my purchases 

Disagree Neutral Agree

31%
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Figure 6. How much do you agree with the following statements about your spending behavior in this tough economy? [16]  
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Figure 7. In the past 3 months, how has the current state of the U.S. economy impacted your money-spending on the folloing: 
“I spent less” [17] 
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Another factor which affects online buyers’ behaviors 

is their age class. According to the surveys people be-
tween 29 and 42 are most likely to delay making nones-
sential retail purchases in Q4 to conserve finances. These 
people were also the most likely to agree that they had 
tried to control fixed monthly costs such as utilities and 
that they had trimmed back on vacation plans. On the 
other hand older buyers—people older than 42—were 
more optimist and they expected the economy to get 
better in 2009. And when asked about specific changes 
they had made in spending in the Q4, they indicated that 
they took a practical approach to watching their budget: 
They were more likely to cut back on fixed monthly 
costs and conserve gas but were less likely to postpone 
travel [18]. 

Consumer spending varies within different income 
segments. Online buyers are wealthier and less affected 
by the economy. Online buyers with household incomes 
of $ 75,000 or more represent the largest group of the 
online buying population. They make up more than 40% 
of all online buyers—almost twice the number of those 
with household incomes of $ 50,000 to $ 75,000. They 
are also less affected by the economy than the average 
consumer. This group makes an average of 10 purchases 
per year, which is two more than the average online 
buyer. Survey findings demonstrate that 37.7 percent of 
consumers making more than $ 100,000 say they do not 
plan to spend less this holiday season. Of these consum-
ers, 38.9% indicated “I don't feel the effects of the econ-
omy.” Whereas 22.4 percent of consumers making less 
than $ 50,000 say they do not plan to spend less this 
holiday season compared to past holiday seasons (Figure 
8) [11]. 

5. Analysis 

According to the statistics described above, it is obvi-

ously seen that online retail has encountered a big chal-
lenge during 2008 and still is straining to conquest it. 
Recession, increasing unemployment rate and reduced 
consumers confidence are factors that play roles in 
growing the challenge. Although e-commerce has attrac-
tive features but it was not immune from the crisis. As 
can be seen in Table 1 like other industries, retail indus-
try has been faced problem and its sales declined dra-
matically. In spite of these problems people still have 
preferred online retail and it has a greater portion of their 
shopping as compared with past year. There could sup-
pose several reasons for this trend. Online shopping seems 
as a less expensive way to purchase things, it’s more 
convenient, it makes people feel more confident about 
the product and its price and by using online shopping 
people avoid impulse buying. These factors altogether 
cause people can save more money in these difficult 
times. 

One factor which affect saving trend is gender. Ac-
cording to the statistics women have had more serious 
reactions to financial crisis relative to men. They have 
decided to reduce their spending on different activities 
such as dining out, entertainment, online shopping and 
etc. On the other hand fewer men have made similar de-
cisions. It can be inferred women are more cautious about 
events like economic turmoil. 

Another factor affecting online consumer behavior and 
their saving trend is their age class. Each age class has its 
own preferential activities and try to cat back on other 
doings. Younger online shoppers try to delay making non 
essential retail purchases, control fixed monthly costs 
such as utilities and trimmed back on vacation plans. On 
the other hand older online shoppers try to cut down on 
the fuel consumption of their car and purchasing non 
essential retail items but they haven’t decided to post-
pone their travels. 
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Figure 8. Are you planning to spend less money holiday season of 2008 than in past holiday season? [15] 
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Finally the last factor which influences online buyers’ 

behavior is income. It is obvious that more income re-
sults in more spending so those people, who have had 
high income, have been affected less the others by the 
crisis. On the other hand most of online buyers are 
wealthier than other buyers and so it’s reasonable for 
them not to spend less. As can be seen in Figure 8 higher 
percentage of those people, who have less income, have 
decided to spend less. 

6. Conclusions 

According to the results of data analysis presented in the 
paper, financial crisis has impacted online retail industry 
in a negative way. Three factors play roles in this way: 1) 
lack of credit, 2) increasing saving rate, decreasing con-
sumption rate and 3) decreasing CCI and CSI indices. It 
has caused online retail sales to decline but as have been 
seen its impact on the online retail sales is more moderate 
than offline retail sales. As described above e-commerce 
have inherent features which have resulted in attracting 
consumer to buy online in these difficult times. Moreover 
the crisis caused online buyers changed their buying hab-
its. Several factors have affected this trend such as in-
come, age class and gender. Online retailer should con-
sider these affecting factors and use a proper marketing 
method for each group to make profit. 
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