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ABSTRACT 

The purpose of this article is to summarize and integrate the articles appearing in this special issue within the unique 
technology development (TD) and human resources (HR) of Southeast Asian countries. This paper examines how the 
synergy between TD and HR can lead to improved national economic performance. We proposed that better HR ex-
ploitation can sustain the capabilities of TD. Thus, the detail indexes are first evaluated with each category, which con-
structs the basic meanings of TD and HR. Consequently, the contexts of TD are clustered by different patterns with 
similar attributes in each nation. Each pattern can monitor the performance of HR in specific TD pattern. In this em-
pirical study, we discover that the leading three countries (Singapore, Malaysia, and Thailand) have a strong positive 
rank correlation between TD and HR; In contrast, the rest of countries are poor rank correlation with regard to the two 
categories. These results mention that the level of TD, which depends on HR exploitation, is an important indicator of 
technological capability and even a proof of economic growth. We also examine the TD policies with strategic grid and 
offer a better road path of TD to follow, not only for those type countries to retune their policy, but also to parallel de-
velopment in HR areas—such as the level of education upgrading, labor force environment improving, man power util-
izing. Finally, Southeast Asian countries should calibrate feasible HR when use it to elaborate TD. 
 
Keywords: Technology Development; Human Resources; Southeast Asian Countries 

1. Introduction 

In the knowledge economy era, human resources (HR) 
have been regarded as the core asset of business to sup-
port the decision makers by using technology develop-
ment (TD) to transform this asset to business knowledge 
for enhancing competitive advantage. Consequently, the 
depth of need and the importance of fostering the capa-
bility of HR are usually magnified in less developed 
(LDC) or developing countries (DC), where the marginal 
error is narrow due to limited or few HR. In addition, the 
need to develop both technologies that are transferred 
from the foreign agency and from indigenous research 
based on local HR for upgrading their technology skills 
is of exponential importance for the economic growth of 
those countries. Apparently, HR is the key element when 
using TD to promote economic performance. For exam-
ple, Swierczek and Shrestha [1] evidenced that TD (i.e. 
technological capital investment and technical HR ex-
ploit) has positive impact to business performance (i.e. 
productivity) in the case of Japanese and Asia-Pacific 
banks. Yuthavong [2] also revealed that new human and 
social capital are needed to enhance all essential ele-
ments such as productivity-based learning, transfer of 

technology and development of managerial capability for  
the transition into a sustainable competitive economy. 
Konstadakopulos and Dimitrios [3] found that economic 
development is primarily the result of investment in 
capital, HR, entrepreneurship, TD, innovation and the 
appropriateness of institutional structures. Furthermore, 
TD stresses the importance of mobilizing and deploying 
technology based resources in combination with other 
HR and capabilities [4,5]. From the above studies, we 
recognized that TD and HR are the two key elements 
when we discuss the issue of how to promote business 
competitive advantage. However, to our knowledge, the 
issues of the interrelationship between TD and HR in 
country level or extremely in regional economic organi-
zation are seldom discussed. 

TD can be derived from external or internal sources. 
Most LDC or DC relies on imported technology because 
of the absence of the internal capability to produce 
needed technological resources on the part of a country 
[6]. Although LDC and DC can bring in technical skills 
from developed countries, even fill gaps in their research 
capabilities, they still have a problem in how to transfer 
the technology to local companies and raise the technol-
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ogy level of their HR systems, e.g. education system, 
research environment, government budgets and projects, 
and the interrelationships between private company and 
public research institutions. Thus, the question of HR 
exploitation is gradually discussed by researchers. For 
example, researchers have viewed HR roles as transi-
tioning from operational, administrative, functionally ori-
ented, and reactive modes toward more strategic, consul-
tative, business oriented, and proactive modes [7]. Ulrich 
has argued that these roles are imperative if HR profes-
sionals expect to create value and deliver results to their 
firm or country. 

Given the growing pressure for HR professionals to 
become more of a business partner and deliver beyond 
day-to-day tasks to support the development and imple-
mentation of organizational strategy [8,9], HR has gradu-
ally played a more strategic role. In this role, HR deci-
sion makers may manage strategic activities, provide 
client services, and help build national human capital, as 
well as manage national change, especially with regard to 
the needs of TD. To find the way to exploit HR, Chee 
[10] addressed the importance of how HR could be en-
hanced through technical training, retraining and labor 
adjustment to meet new demands in the production proc-
ess. Clark [11] also discussed the returns to human capi-
tal investment in the case of Russia and found significant 
and positive returns to education and training. Heijke et 
al. [12] further pointed out that human capital compe-
tences can distinguish discipline-specific competences, 
general academic competences, and management com-
petences. Each competence is acquired from school, 
postgraduate, and work environment. Those training en-
vironments may have a direct or indirect pay-off in the 
labor market. Thus, better HR exploitation in country 
level can offer a specific technology workforce to boost a 
country’s national TD.  

On the other hand, some research areas essentially deal 
with the choice of new technology-based tools for man-
aging people [13] or enhancing work skill [14-19]. HR 
managers are looking for tools that can help them to un-
derstand better those issues on which they have to make 
decisions—such as managing people with the help of 
technological tools and the impact of technology on the 
performance of people at work [20]. From the above 
viewpoint, TD and HR have bidirectional influence on 
each other. 

The research region, the Southeast Asian (SEA) coun-
tries, has undergone the most striking economic growth 
and shown an ever-increasing interdependence in the last 
few decades. This region has been a major contributor to 
global prosperity and stability. For example, its growth 
path was led by Japan in the 1960s and by newly indus-
trialized countries such as South Korea and Taiwan in the 
1970s and the 1980s. The new economic relationship of 

regionalism has been shaped by the changing world 
economy since the end of the Cold War. Although many 
countries were hit by the economic crisis in 1997, many 
researchers still see the regional economy as a fast growth 
area. After the four original tigers—Singapore, South 
Korea, Hong Kong, and Taiwan, which all had signifi-
cant high-tech industrial development policies in order to 
stimulate economic growth [21], the new four—Thailand, 
Malaysia, Indonesia, and China are also taking advantage 
of their natural resources and are flourishing economi-
cally [22]. Jomo [23] further debated that it is clear from 
Northeast Asian experiences that there is a strong need to 
stimulate state-business collaboration in creating and 
coordinating institutions to enhance HR for technological 
upgrading. Southeast Asia, except for Singapore, has 
lacked comparable HR support to facilitate a rapid transi-
tion to higher TD. Also, the failure to develop the neces-
sary institutions for the absorption and development of 
technologies in the real business sector must have limited 
the Southeast Asian region’s growth potential. Institu-
tional deficiencies in Southeast Asia can be seen in the 
weakness or lack of institutions supporting technological 
deepening, HR, technology diffusion as well as discipli-
nary mechanisms [24,25]. Thus, by analyzing the items 
of sub-category for TD and HR, the context meaning 
between TD and HR is expected. 

The organization of this paper is arranged as follows: 
Section 2 describes the research framework and data 
structure. The subsequent sections discuss the data sources 
and methodology. The empirical studies of SEA coun- 
tries are discussed in Section 4. The conclusions and 
discussions are mentioned in Section 5. 

2. The Research Framework and  
Methodology 

HR exploitation usually has been regarded as important 
management capabilities that can use this to develop 
their indigenous technical ability and to enhance further 
their TD. We support that HR, TD, and economic growth 
form a triad which supports their sustaining development. 
Based on this concept, we present a conceptual frame-
work to study the interrelationship between TD and HR 
and try to examine the variation of actual achievement of 
TD and HR. Following this framework, the basic items 
of each sub-category in the TD and HR dimension are 
defined to evaluate the achievement of each item. 

2.1. Research Framework 

From a theoretical viewpoint, technology is a critical tool 
used in stimulating a country’s economic growth. The 
TD of some countries is limited by their cultural context, 
unqualified HR, low productivity, and government man-
agement capability. And although some countries may 
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follow similar paths in their TD, they may also differ in 
terms of the different influences of such development on 
economic growth. Based on these assumptions, we con-
struct a conceptual framework to track the path of TD 
and examine the variations between the perceived im-
portance of TD and its practical achievements with re-
gards to HR.  
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Figure 1 shows the basic conceptual structure that this 
paper follows. We explain Figure 1 as follows: 
 The achievements of TD: The basic items included 

under the heading of TD have been taken from dif-
ferent well-known competitiveness research groups 
and have been adopted by the research team com-
prising researchers from 10 SEA countries. Each sub- 
category of TD consists of hard and soft data, which 
were collected from 10 SEA countries. The data come 
from official publications and expert opinions col-
lected by the different team members in different 
countries. These data are used to monitor the TD of 
these countries, and include basic infrastructure, in-
formation technology, energy status, R&D, technol-
ogy management, technology environment, and pat- 

ents and copyrights. 
 Clustering: We use clustering tools to inspect the dif-

ferent patterns of TD in SEA countries. We then ex-
amine the significance of TD in terms of each sub- 
category from the outcome of TD patterns. 

 Comparing the relationship between TD and HR for 
each pattern: The indices of TD and HR are calcu-
lated by using the weight algorithm before comparing 
the relationship between TD and HR. The main objec-
tive of clustering is to distinguish the TD patterns from 
different countries. Based on these results, we can mo- 
nitor the effectiveness of TD for each SEA country. 

 Retuning the current HR policies: At this stage, we 
examine the variations between TD and HR and re-
tune the HR policies. These variations can be detected 
by using a rank correlation and strategic grid; the 
sub-category relationships between TD and HR in 
each pattern can then be observed, and the differences 
can be used to explain why the lower-TD countries 
exhibit poor economic growth. Finally, we reexamine 
the importance of HR and give some recommenda-
tions on how to retune HR policies. 
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Figure 1. The research framework of TD with HR. 
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2.2. The Methodology for Calculating the  

Importance Assigned to Each Sub-Category 

In order to collect data, the original sources were sur-
veyed using questionnaires. Each questionnaire included 
questions regarding the perceived importance of all 
sub-categories and the achievement levels for items in 
each sub-category. The respondents were asked to evalu-
ate the relative importance of each sub-category. Possible 
ratings ranged from 0 to 100; the more important the 
sub-category, the higher the rating. Oij is used to define 
the rating. The importance wij that this ith expert assigned 
to the jth sub-category is then calculated using Equation 
(1). Finally the average importance Wj of this jth sub- 
category according to a specific nation’s expertis deter-
mined by Equation (2). 
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where 
Oij: The jth sub-category of the ith sample with a range 

from 0 to 100. 
wij: The importance of the jth sub-category of the ith 

sample. 
nj: The number of samples in the jth sub-category. 
m: The number of sub-categories for TD or HR. 
Wj: The average importance of the jth sub-category  

and . 
j

2.3. The Methodology for Calculating the  
Technology Development Index and Human 
Resources Index 

IDX is defined as the sum of the products of the weight 
and the average achievement value of each jth sub-cate- 
gory included either in the TD or HR scale (e.g. TDI or 
HRI); that is, 

j j
j
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where 
uj: The average importance rating of the jth sub-cate- 

gory. 
i: The number of sub-categories for each category of 

TD or HR. 
xj: The average achievement value of the jth sub-cate- 

gory. 
Additionally, the value of each sub-category is defined 

as the simple average of the ratings of all its items. So, xs 
can be represented as: 
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where 
l: The number of items in the sth sub-category. 
xst: The achievement value of the tth item in the sth 

sub-category. 

3. Data Sources and Data Structure 

This section explains the data sources and organizes the 
basic items of each sub-category in the TD and HR di-
mensions to evaluate the achievements of each item. All 
hard data are calculated by using the averages of each 
sub-category from the years 1999 to 2001. 

3.1. Data Sources for TD and HR 

The importance ratings for each category and some soft 
data relating to each sub-category are collected from ten 
different SEA countries. The original sampling plan was 
to select 25 respondents from the private sector, 10 from 
the public sector, and 15 from the academic sector. Due 
to technical disturbances, such as incomplete question-
naires and missing data, the configuration of actual valid 
samples varies among the countries surveyed. Therefore, 
the overall importance rating for each category is ob-
tained by calculating the simple average of importance 
ratings collected from each country. 

3.2. The Data Structure of TD and HR 

A variety of factors influences a country’s TD and HR. 
For example, TD can be divided into seven sub-catego- 
ries, namely basic infrastructure, information technology, 
energy status, R&D, technology management, technol-
ogy environment, and patents and copyrights [26,27]. HR 
is also divided into four categories, namely manpower 
use, cost of wages and employee benefits, turnover, and 
labor disputes or industrial disputes and union power 
[28,29]. In order to investigate the influences of the per-
ceived value of TD via HR with respect to the perceived 
importance of category as surveyed in ten SEA countries, 
the TD and HR in this research are defined as follows: 
 Sub-categories of TD 

The data structure of TD consists of seven sub-cate- 
gories, each sub-category being further divided into sev-
eral items of hard and soft data. In Table 1, the detailed 
items in each sub-category of TD are listed. There are 
twenty six hard data and eight soft data items in this table. 
The items of each sub-category refer to items developed 
by the Institute for Management Development (IMD), 
the World Bank (WB), and the International Monetary  
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Table 1. The list of items for each TD sub-category. 

Sub-categories Items 

●A1. Road density of the network (km/per square km)  

●A2. Railroad density of the network (km/per square km) 

●A3. No. of passengers carried by main airlines (’000) 

Basic 
Infrastructure 

(TD-A) 
●A4. Electricity costs for industrial clients (US$/per kwh) 

●B1. Investment in telecommunication as a % of GDP 

●B2. No. of computers per 1000 people (unit) 

●B3. No. of hosts connected to internet per 1000 people (unit) 

●B4. No. of people with access to internet per 1000 people (unit) 

●B5. The bandwidth connected to countries abroad (MB/ps) 

●B6. No. of main telephone lines per 1000 inhabitants (lines) 

●B7. No. of cellular/mobile telephone subscribers per 1000 inhabitants (unit) 

Information 
Technology 

(TD-B) 

●B8. International telephone costs, US$ per 3 minutes during peak hours to USA 

●C1. Total indigenous energy consumption (%) Energy Status 
(TD-C) ●C2. Energy imports as a % of merchandise exports (%) 

●D1. The annual R&D expenditures (US$ m) 

●D2. The total R&D expenditures as % of GDP 

●D3. The annual enterprise-financed R&D expenditures (US$ /m) 

●D4. The annual enterprise-financed R&D expenditures as a % of sales 

●D5. The No. of researchers with junior college degree and lower 

●D6. The No. of researchers per 10,000 population 

●D7. The No. of researchers per 10,000 labor force 

Research 
and 

Development 
(TD-D) 

●D8. The No. of researchers with college degree or higher 

○E1. Technological cooperation between companies 

○E2. Technological cooperation between companies and universities 

○E3. Technological cooperation between companies and governmentalinstitutions 

○E4. Technology transfer between universities and companies 

Technology 
Management 

(TD-E) 

○E5. Lack of sufficient financial resources which constrain the TD 

○F1. Basic research enhances TD 

○F2. Students preferring Science and Technology subjects as a college major 
Technology 
Environment 

(TD-F) ○F3. Patent and copyright protection enforced in the country 

●G1. The No. of patents granted to residents in the country 

●G2. The number of patents granted from other countries 

●G3. The exported value of technology from the country 

Patents 
and 

Copyrights 
(TD-G) 

●G4. The imported value of technology to the country 

●hard data; ○soft data. 

 
Fund (IMF), as well as to the situational context of SEA 
countries. Hard data and soft data are employed to calcu-
late the Technology Development Index (TDI). On the 
one hand, the hard data (basic infrastructure, information 
technology, energy status, R&D, and patents and copy-
rights) are collected from secondary sources such as the 
Asia Development Bank (ADB), government publica-
tions, and yearbooks, which are partially supplemented 
by local universities research teams. On the other hand, 
the soft data on technology management and technology 
environment are collected from primary sources. 
 The sub-category of HR 

The data structure of HR consists of four sub-catego- 
ries; each sub-category is further divided into several 
items of hard or soft data. There are ten hard data and  

eight soft data in Table 2. The items of each sub-cate- 
gory are referenced from IMD and other literature [30- 
32]. Hard data and soft data are employed to calculate the 
Human Resources Index (HRI). The data collection 
methods and sources are similar to those for TD. 

4. Empirical Studies 

The following empirical studies follow the conceptual 
framework in Section 2 and were performed in SEA 
countries. They consist of the calculation of TDI and 
HRI, clustering pattern of TD, a comparison of the inter-
relationship between the TD and HR for each pattern, 
and retuning the HR policies if variations between the 
TD and HR exist. 
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Table 2. The list of items for each HR sub-category. 

Sub-Categories Items 

●A1.Labor force participation rate (%) 

● A2.Weekly working hours 

●A3.Literacy ratio (%) 

●A4.Number of students per teacher (primary school) 

●A5.Number of students per teacher (secondary school) 

Manpower Use 
(HR-A) 

●A6.Number of students per teacher (tertiary school) 

●B1.Average hourly wages (USD) 

●B2.Wage inflation minus CPI inflation (%) 
Cost of Wages and Employee Benefits 

(HR-B) 
○B3.The benefits level of employee 

○C1.The level of recruitment cost 

○C2.The level of training cost 
Turnover 
(HR-C) 

○C3.The level of severance payment 

●D1.Strikes 

●D2.Working days lost (person/yr) 

○D3.The enforcement degree of labor legislation 

○D4.The coverage degree of labor legislation 

○D5.The union effect on wage rates 

Labor and/or Industrial Disputes and Union Power 
(HR-D) 

○D6.The labor power existing on foreign companies 

●hard data; ○soft data. 

 
4.1. The Achievement and Importance of TD 

The achievement of each item of the five categories is 
listed in Table 3. Partial data for each item of sub-cate- 
gory was omitted due to technical difficulties such as no 
official publication on related information, missing data, 
etc. Thus, the sub-category of R&D and patents and 
copyrights are omitted in this study. The value in each 
item is standardized by the following equation: 

 
 



Standardized value the value is from 1 to 10

sample maximum sample minimum
9 1

mum

 
 
sample maximum sample mini

 


 (5) 

The importance of each category collected from the 
SEA countries is calculated by Equations (1) and (2). 
The values are also standardized from original data, 
which are calculated on a scale of 100. After calculating 
the achievement and importance data, we can summarize 
the TDI via Equation (3) and all of these data are listed in 
Table 4. From the rank of TDI, the first three leading 
countries for TD are Singapore (7.87), Malaysia (5.68), 
and Thailand (5.24) respectively. In contrast, the last 
three countries are Vietnam (3.68), Cambodia (2.99) and 
Myanmar (2.03). 

4.2. The Achievement of HR 

The HRI also consists of two parts; the first part is the 
rating of eight soft data items from experts’ opinions and 
the other part of data are collected from official govern-
ment data. In evaluating the survey data, the rating score  

can reveal a country’s HR (listed in Table 5). From Ta-
ble 5, we discover that Singapore outperforms other SEA 
countries, followed by Brunei, Malaysia, Thailand, In-
donesia, Laos, and the Philippines respectively. Vietnam, 
Cambodia, and Myanmar had poorer HR. The key rea-
sons for these three countries’ poor performance are the 
unclear HR policies, such as low manpower use, cost of 
wages and employee benefits, and employee turnover as 
well as the insufficient educational system, such as low 
student per teacher rate during the survey period. 

In examining the soft data, we can also use Equation 
(5) to standardize data among the different units. To im-
plement the sub-category of HR, each item of sub-cate- 
gory and the average of four sub-categories are listed in 
Table 6. From the performance of manpower use, Brunei, 
Singapore, Indonesia, Malaysia, and Thailand have supe-
rior performances except Brunei’s and Malaysia’s low 
labor force participation rate and Thailand’s low number 
of students per teacher (tertiary school). In addition, 
Brunei, Singapore, and Laos outperform the items of cost 
of wages & benefits level of employee. In contrast, 
Cambodia, Myanmar, and Vietnam have weakness in this 
sub-category. From the rate of turnover, Singapore, Brunei, 
and Malaysia have higher recruitment cost, training cost, 
and severance payment than other SEA countries. Addi-
tionally, in the sub-category of labor and /or industrial 
disputes and union power, Cambodia has a higher num-
ber of strikes and working days lost, Singapore, Malaysia, 
and the Philippines also have higher union effect on 
wage rates. Myanmar has lower the enforcement degree  
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Table 3. The achievement of technology development index (standardized data). 

Sub-Category Item Brunei Cambodia Indonesia Laos Malaysia Myanmar The Philippines Singapore Thailand Vietnam

●A1 1.44 3.32 1.18 1 1.19 1 2.12 10 1.08 1.49 

●A2 1.33 1.58 1.30 1.55 3.45 1.55 1 10 4.08 4.33 

●A3 -- -- 6.20 -- 9.39 -- 3.90 10 1 -- 

●A4 -- -- 9 -- 8.67 -- 0 8.20 8.44 -- 

TD-A* 

Average 1.38 2.45 4.42 1.27 5.68 1.27 1.75 9.55 3.65 2.91 

●B1 -- -- 1.72 -- 10 -- 2.21 1.91 1 -- 

●B2 7.13 1.03 1.82 1.14 10 1 2.66 10 3.18 1.62 

●B3 10 1.02 1.12 1.00 2.97 1.06 1.17 10 1.60 1 

●B4 10 1.04 2.09 1.12 7.25 1 3.00 10 4.89 1.82 

●B5 -- -- -- -- 1 -- -- 10 1 -- 

●B6 10 1 2.09 1.21 8.19 1.12 2.39 10 4.23 2.16 

●B7 10 1.34 1.55 1.09 7.14 1 3.56 10 3.12 1.32 

●B8 7.54 -- 7.72 6.80 8.37 1 8.78 9 8.33 -- 

TD-B* 

Average 9.11 1.09 2.59 1.11 7.70 1.03 3.39 8.70 3.76 1.58 

●C1 -- 5.11 7.39 10 -- 1.53 3.05 1 -- 9.80 

●C2 1 -- 8.99 -- 3.95 -- 8.85 10 9.80 -- TD-C* 

Average 1 5.11 8.19 10 3.95 1.53 5.95 5.5 9.80 9.80 

○E1 3.65 3.31 3.70 2.79 5.77 2.71 3.85 7.51 4.95 2.72 

○E2 3.58) 3.47 3.26 1.81 5.10 2.67 4.26 7.78 4.94 2.60 

○E3 3.38 3.62 3.21 2.54 5.19 2.78 3.97 8.14 4.86 2.85 

○E4 3.61 3.45 3.41 2.08 5.36 2.66 4.61 7.50 5.13 2.72 

○E5 2.96 2.96 3.29 2.91 3.13 2.77 1.33 4.36 2.91 2.91 

TD-E 

Average 3.44 3.36 3.37 2.42 4.91 2.72 3.61 7.06 4.56 2.76 

○F1 4.66 4.26 4.23 3.40 6.30 4.02 5.09 7.22 5.37 3.68 

○F2 5.08 5.13 4.94 3.56 6.4 5.32 5.15 7.17 5.61 5.25 

○F3 2.7 2.42 2.88 1.45 5.62 2.43 2.78 8.98 3.96 1.56 
TD-F 

Average 4.15 3.94 4.02 2.80 6.12 3.93 4.34 7.90 4.98 3.50 

Remarks: 1. ●hard data; ○soft data (standardized); -- missing data; 2. The missing data are not included; 3. *means some research data were omitted due to lack 
official data; 4. Hard data is calculated with the means of each sub-category from 1999 to 2001. 

 
Table 4. The TDI of SEA countries. 

Sub-Category  Brunei Cambodia Indonesia Laos Malaysia Myanmar The Philippines Singapore Thailand Vietnam

average (a1) 1.38 2.45 4.42 1.27 5.68 1.27 1.75 9.55 3.65 2.91 

importance (b1) 20.79 25.32 23.77 25.24 20.57 23.29 20.41 22.01 21.60 22.58

 
TD-A 

 
 A1 = a1*b1 0.29 0.62 1.05 0.32 1.17 0.30 0.36 2.10 0.79 0.66 

average (a2) 9.11 1.09 2.59 1.11 7.70 1.03 3.39 8.70 3.76 1.58 

importance (b2) 21.36 22.92 20.89 26.21 20.50 19.08 20.88 21.15 22.20 22.58

 
TD-B 

 
 A2 = a2*b2 1.95 0.25 0.54 0.29 1.58 0.20 0.71 1.84 0.83 0.36 

average (a3) 1.00 5.11 8.19 10.00 3.95 1.53 5.95 5.50 9.80 9.80 

importance (b3) 20.69 16.31 17.35 24.93 19.90 21.77 19.67 17.00 18.63 14.38

 
TD-C 

 
 A3 = a3*b3 0.21 0.83 1.42 2.49 0.79 0.33 1.17 0.94 1.83 1.41 

average (a4) 3.44 3.36 3.37 2.42 4.91 2.72 3.61 7.06 4.56 2.76 

importance (b4) 18.22 19.82 20.45 10.27 20.32 17.21 20.01 18.42 18.52 21.40

 
TD-E 

 
 A4= a4*b4 0.63 0.67 0.69 0.25 1.00 0.47 0.72 1.30 0.84 0.59 

average (a5) 4.15 3.94 4.02 2.80 6.12 3.93 4.34 7.90 4.98 3.50 

importance (b5) 18.94 15.64 17.55 13.35 18.72 18.64 19.03 21.42 19.05 19.07

 
TD-F 

 
 A5 = a5*b5 0.79 0.62 0.71 0.37 1.15 0.73 0.83 1.69 0.95 0.67 

Total score of TDI 3.85 2.99 4.41 3.73 5.68 2.03 3.78 7.87 5.24 3.68 

Rank of TDI 5 9 4 7 2 10 6 1 3 8 

Copyright © 2012 SciRes.                                                                                   TI 



S.-C. CHIEN 217

Table 5. The achievement of Human Resources (standardized data). 

Sub-Category Index Brunei Cambodia Indonesia Laos Malaysia Myanmar The Philippines Singapore Thailand Vietnam

●A1 4.97 4.78 6.18 10 4.8 8.33 5.17 5.35 9.34 7.99 

●A2 6.2 9.65 5.58 4.13 9.65 3.92 5.35 8.78 10 1 

●A3 8.16 1.87 6.93 1 7.09 6.36 9.13 8.41 9.27 8.48 

●A4 10 1 8.41 6.14 8.71 5.71 4.86 7.51 8.54 6.56 

●A5 10 7.53 8.52 6.55 7.58 2.97 1 7.29 5.23 4.31 

●A6 10 9.07 8.06 8.55 5.76 1.7 5.03 8 1 3.27 

HR-A* 

Average 8.22 5.65 7.28 6.06 7.27 4.83 5.09 7.56 7.23 5.27 

●B1 10 1.01 1.16 1.04 2.04 1 1.32 7.88 1.58 1.1 

●B2 2.01 1.65 4.58 10 3 5.44 3.52 1.3 2.71 1 

○B3 8.26 4.07 5.85 4.49 7.11 2.35 4.86 8.93 6.19 3.91 
HR-B 

Average 6.76 2.24 3.86 5.18 4.05 2.93 3.23 6.04 3.49 2 

○C1 7.27 4.28 5.76 4.57 6.87 2.2 5.4 8.83 5.7 3.8 

○C2 7.09 4.77 5.51 4.91 6.96 3.71 5.68 8.56 6.81 4.42 

○C3 6.8 4.74 5.46 3.23 7.04 2.4 4.97 8.67 6.26 3.85 
HR-C 

Average 7.06 4.6 5.58 4.24 6.96 2.77 5.35 8.69 6.26 4.02 

●D1 10 1 -- -- 8.73 8.52 3.57 10 8.41 -- 

●D2 10 1 -- -- 9.98 9.98 9.05 10 9.59 -- 

○D3 6.17 5.89 6.82 4.35 6.89 2.45 5.66 8.78 6.73 5.31 

○D4 5.92 5.09 6.18 4.57 7.02 2.45 5.76 8.7 6.49 5.14 

○D5 3.1 4.23 5.35 2.96 6.29 1.85 6.8 6.85 5.18 3.72 

○D6 5.55 4.77 5.59 4.42 6.3 1.59 5.97 7.49 5.59 4.12 

HR-D* 

Average 6.79 3.66 5.99 4.08 7.54 4.47 6.13 8.64 7 4.57 

Remarks: 1. ●hard data; ○soft data (Standardized); -- missing data; 2. The missing data are not included; 3. *means some research data was missed in official 
published data; 4. Hard data is calculated with the means of each sub-category from 1999 to 2001. 

 
Table 6. The HRI of SEA countries. 

Sub-Category  Brunei Cambodia Indonesia Laos Malaysia Myanmar The Philippines Singapore Thailand Vietnam

average (a1) 8.22 5.65 7.28 6.06 7.27 4.83 5.09 7.56 7.23 5.27 

importance (b1) 30.51 29.50 30.60 30.45 28.97 0.50 27.82 31.64 25.52 36.12 HR-A 

A1 = a1*b1 2.51 1.67 2.23 1.85 2.11 2.42 1.42 2.39 1.85 1.9 

average (a2) 6.76 2.24 3.86 5.18 4.05 2.93 3.23 6.04 3.49 2 

importance (b2) 26.96 25.18 20.90 26.03 25.77 0.25 26.08 29.66 26.63 31.27 HR-B 
 

A2 = a2*b2 1.82 0.56 0.81 1.35 1.04 0.73 0.84 1.79 0.93 0.63 

average (a3) 7.06 4.6 5.58 4.24 6.96 2.77 5.35 8.69 6.26 4.02 

importance (b3) 23.61 22.80 25.80 27.68 23.86 0.15 22.69 18.88 23.70 16.98 HR-C 
 

A3 = a3*b3 1.67 1.05 1.44 1.17 1.66 0.42 1.21 2.69 1.48 0.68 

average (a4) 6.79 3.66 5.99 4.08 7.54 4.47 6.13 8.64 7 6.38 

importance (b4) 18.93 22.52 22.71 15.83 21.39 0.10 23.41 19.83 24.15 15.63 HR-D 

A4 = a4*b4 1.29 0.82 1.36 0.63 1.61 0.45 1.44 1.64 1.69 1 

Total score of HRI 7.29 4.1 5.84 5 6.42 4.02 4.91 8.51 5.95 4.21 

Rank of HRI 2 9 5 6 3 10 7 1 4 8 

 
of labor legislation, the coverage degree of labor legisla-
tion, the union effect on wage rates, and the labor power 
existing on foreign companies. Indonesia, Laos, and 
Vietnam have lack of data in items of number of strikes 
and working days lost. 

The human resources index is calculated by Equation  

(3). From the total HRI score (as listed in Table 6) 
standpoint; the first four nations are Singapore (8.51), 
Brunei (7.29), Malaysia (6.42) and Thailand (5.95). The 
rest rankings are Indonesia (5.84), Laos (5), the Philip-
pines (4.91), Vietnam (4.21), Cambodia (4.1) and Myan-
mar (4.02) respectively. 
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4.3. The TD Patterns of Achievement in SEA 
Countries 

A hierarchical cluster analysis technique (using STA-
TISTICA software) was used to study the TD data. In 
addition, the process of cluster analysis is based on two 
options, the hierarchical agglomerative method and Ward’s 
minimum variance method, to find the characteristics 
similarto all units. The former was used to determine the 
appropriate number of clusters; the latter was used to 
determine the cluster linkage. The results are presented in 
a tree diagram (depicted in Figure 2). A two-cluster so-
lution was used to group TD patterns having similar pro-
files. 

We define each cluster as “pattern type of TD” and 
examine variances among them with the K-means method. 
We discovered that the information technology and tech-
nology environment sub-categories in the TD category 
were significant under K-means testing (p value < 0.05), 
and the results are shown in Table 7.It is found that Pat-
tern 1 countries include Singapore, Malaysia, and Brunei; 
Pattern 2 countries include Thailand, Indonesia, the Phil-
ippines, Cambodia, Laos, Myanmar, and Vietnam. From 
the viewpoint of achievements of TD, we discovered that 
pattern 1 countries perform better in the basic infrastruc-

ture, information technology, technology management, 
and technology environment sub-categories. In terms of 
IT sub-category, Pattern 1 countries possess an especially 
great advantage over those of Pattern 2. 

4.4. The Rank Correlation between HR and TD 
for Each Pattern 

Globalization and resources leverage are the key issues 
of discussing national environment. Many decision mak-
ers confront the challenge of competition and use TD to 
elaborate their economic growth. In particular, the promi-
nence of information technology has grown substantially 
in recent years. Taiwan and South Korea, as a good ex-
ample, had a great advancement in TD due to feasible 
HR plan in technology education and related system or 
policies. Thus, we examine the interrelationships be-
tween HR and TD and try to discover the differences for 
each pattern countries. Owing to the limitation of small 
sample (country level data) of this empirical study, we 
used rank correlation to indicate the relative magnitude 
of observations in nonparametric tests for comparison of 
treatments. The Spearman rank correlation coefficient is 
also employed as a test statistic to test a hypothesis of no 
association between HR and TD for each sub-category. 
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Figure 2. The tree of linkage distance for TD. 
 

Table 7. The analysis of K-means. 

TD sub-category The mean of pattern 1 countries The mean of pattern 2 countries F P value 

Basic infrastructure 1.186667 0.585714 2.88141 0.128042

Information technology 1.79 0.454286 69.97066 0.000032*

Energy status 0.646667 1.354286 2.6463 0.142443

Technology management 0.976667 0.604286 5.18109 0.052381

Technology environment 1.21 0.697143 7.28038 0.027149*

*means p value < 0.05. 
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The detail rank correlations are listed in Table 8. In the 
two patterns of each sub-category, we discover that turn-
over and labor and/or industrial disputes and union power 
have a positive correlation with basic infrastructure, in-
formation technology (except labor and/or industrial dis- 
putes and union power in Pattern 1 countries), energy 
status, technology management, and technology envi- 
ronment in two patterns. Pattern 1 countries have positive 
correlation with information technology in sub-category 
of manpower use and cost of wages and employee bene- 
fits. In addition, Pattern 2 countries have positive corre- 
lation with information technology and energy status in 
sub-category of cost of wages and employee benefits.  

In the context of Table 8, we discover that Pattern 1 
countries have insufficient HR to support TD. The main 
reason is due to the bias of TD in Brunei. Singapore and 
Malaysia still have superior performance in those of 
category. In addition, the utilizations of HR have taken 
advantage on information technology and the labor rela-
tion (i.e. labor and/or industrial disputes and union power) 
sustains a better relationship in most sub-category of TD 
(except information technology). Furthermore, turnover 
maintains positive relationship with TD, which means 

better turnover rate, can stimulate TD in Pattern 1 coun-
tries as well as Pattern 2 countries. 

Pattern 2 countries have positive correlation with TD 
in turnover and labor and/or industrial disputes and union 
power (except information technology). These results are 
similar to the results from pattern 1 countries. In addition, 
the utilization of manpower use has worse performance 
on TD. Only cost of wages and employee benefits has 
positive correlation with information technology. How-
ever, those performances are still laggard than Pattern 1 
countries. 

From above the Spearman rank correlation analysis for 
each pattern, the results focus on the relationship of the 
sub-category of TD and HR. Thus, we intend to analyze 
the variances existed between TD and HR. Throughout 
these variances discussion, we can calibrate suitable HR 
policies to fulfill the TD. Based on above concept, we 
use the strategic grid to explain with two dimensions of 
TDI and HRI (depicted in Figure 3) and four types of 
grid are found. These types are Fitting, Retuning, Inade-
quate, and Ignoring. Further, the surveyed data for each 
sub-category are identified by their characteristics within 
the strategic grid. The four types are defined as follows: 

 
Table 8. The rank correlations between TDI and HRI sub-category. 

Manpower Use 
Cost of Wages and
Employee Benefits

Turnover 
Labor and/or Industrial Disputes and 

Union Power The rank correlation between TDI and 
HRI 

value Significant value Significant value Significant value Significant 
Pattern 1a –0.5  –0.5  0.5  1  

Basic infrastructure 
Pattern 2b 0.036  –0.071  0.643  0.714  
Pattern 1 1  1  0.5  –0.5  

Information technology 
Pattern 2 –0.36  0.5  0.857 * 0.964 * 
Pattern 1 –0.5  –0.5  0.5  1  

Energy status 
Pattern 2 –0.09  0.75  0.64  0.35  
Pattern 1 –0.5  –0.5  0.5  1  

Technology management 
Pattern 2 –0.396  0.107  0.75  0.929 * 
Pattern 1 –0.5  –0.5  0.5  1  

Technology environment 
Pattern 2 0  0.214  0.429  0.643  

aMeans rank correlations (pattern 1), marked correlations are significant at p < 0.05000, N = 3; bMeans rank correlations (pattern 2), marked correlations are 
significant at p < 0.05000, N = 7. 

 
InadequateType - Low TDI and high HRI 

1. Retuning HR system to upgrade technological 

capabilities. 

2. Enforcing on the sub-categories of Basic 

Infrastructure, Information technology, and 

Energy Status with feasible HR policies. 

3. Redirecting HR to areas of R&D and Patents 

& Copyrights. 

Fitting Type - High TDI and high HRI 

1. Enforcing on the capability of R&D, Patents & 

Copyrights outcomes. 

2. Increasing research capability from indigenous 

research and external technical skill investment. 

3. Continuing to exploit better energy solutions.

Ignoring Type - Low TDI and low HRI 

1. Building the Basic Infrastructure and 

Information Technology to offer the TD 

platform. 

2. Solving the problem of technological 

capabilities with a long-term HR plan. 

3. Increasing the TD from external technical 

supporting in the short-term. 

Retuning Type - High TDI and low HRI 

1. Enforcing on the sub-categories of Basic 

Infrastructure and Information Technology with 

feasible HR policies. 

2. Increasing the power of indigenous R&D and 

external technical skill investment. 

3. Improving educational system to foster skill 

manpower resources. 
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Figure 3. The strategic grid of TD and HR policies. 

Copyright © 2012 SciRes.                                                                                   TI 



S.-C. CHIEN 220 

 
 Fitting type—The countries in this type has a har-

monic correlation between TD and HR. 
 Retuning type—The countries in this type is in a state 

what TD outperforms HR. Thus, these countries should 
retune their HR strategy to expand their benefits in 
accordance with their existing status. 

 Inadequate type—The countries in this type have 
more serious variations than type 2 countries have. 
These countries have an inconsistent outcome be-
tween TD and HR. These variations indicate that their 
strategies are incoherent with the leverage of their 
resources. Closed inspection and review of TD and 
HR policies would be critical before development 
takes off.  

 Ignoring type—The countries in this type has the 
most serious variation among the four types. Basi-
cally, these countries lack resources to improve their 
infrastructure for TD. There is no clear policy for the 
long-term HR of these countries. 

Figure 4 presents the scatters plot with two dimen-
sions of TDI and HRI. From the context of Figure 4, we 
can separate SEA countries into 4 types. 

A. Fitting Type Nations: 
Singapore and Malaysia are belonged to Pattern 1 

countries. But, Singapore has greater performance than 
Malaysia in some HR sub-categories, such as cost of 
wages & employee benefits, turnover, and labor and/or 
industrial disputes and union power sub-categories. These 
results show that the synergy of HR bring better HR en-
vironment to support TD. In fact, Singapore has enforced 
the educational budget in past decade and has a better 
development in tertiary manpower. In contrast, Singa- 

pore has poor performance on the sub-categories of en-
ergy status, R&D, and patents and copyrights; indicating 
that the research capabilities are the key issues that Sin-
gapore needs to pay attention to improve by their ad-
vanced HR policies. 

Malaysia is next to Singapore owing to their worse HR, 
such as cost of wages & employee benefits and turnover 
two sub-categories. However, Malaysia has begun to 
engage the industries to improve informational work 
place, especially in human resources management (HRM) 
within organization [33]. Therefore, increasing the capa-
bility of R&D and better basic infrastructure with regard 
to the better educational system and labor environment 
improvement are suggested. 

B. Retuning Type Nations: 
Although Thailand is belonged to Pattern 2 countries, 

Thailand has better performance than other Pattern 2 
countries. To compare to Singapore and Malaysia, Thai-
land has similar track with Malaysia in HR and has poor 
cost of wages and employee benefits comparing to Sin-
gapore. This is due to a low average hourly wages and 
the benefits level of employee. Thus, Thailand should 
retune its HR policies in order to improve their employee 
welfare, such as compensation system, benefits system, 
and work security. By the way of improving employee 
benefits, the performance of TD can be upgraded. In ad-
dition, Thailand has hindered by its weak technological 
infrastructure, such as basic infrastructure, technology 
management, and technology environment. Therefore, 
improving the basic technological infrastructure includ-
ing hardware and software is another important issue. 
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C. Inadequate Type Nations: 
Broadly speaking, SEA is rich in energy resources. It 

is a major producer of oil and gas in the Asia-Pacific 
region. Brunei and Indonesia are ranked among the 
world’s top five liquid natural gas (LNG) producers. 
SEA controls some 40 per cent of the entire oil and gas 
resources in the Asia-Pacific region and oil & gas exports 
generate an annual value of US $48 billion for the SEA 
economies [34]. But, the plentiful resources can’t bring 
benefit to their TD. For example, Brunei is limiting in 
their poor Basic Infrastructure in technology and busi-
ness. Although Brunei has a better HR (in fact, Brunei 
has high importance in manpower use sub-category) be-
cause of their high number of students per teacher (in-
clude primary, secondary, and tertiary school), Brunei is 
still a laggard in labor and/or industrial disputes and un-
ion power sub-category. Therefore, Brunei has a big 
growing space to retune their HR strategies in order to 
reshape their basic infrastructure and information tech-
nology. 

D. Ignoring Type Nations:  
These type nations include most of Pattern 2 countries, 

such as Indonesia, Laos, the Philippines, Vietnam, Cam-
bodia, and Myanmar. Basically, these countries have 
weak basic infrastructure as well as are lack of informa-
tion technology (especially in Myanmar and Cambodia). 
Although they had pay attention to their manpower use 
(according to their importance of each sub-category), the 
quality of manpower and tertiary educational system are 
worse than Pattern 1 countries have. Thus, the whole 
socio-economic system still sustains at agro-cultural level. 
They need to improve the infrastructure of HR and TD in 
order to improve investment environment and attract 

international investment on technology. According to 
Table 9, we discovered that Vietnam and the Philippines 
had better FDI than other ignoring type countries. But, 
these two countries also had negative growth during 
1999 to 2003. Furthermore, technological manpower is 
depended on their educational system improvement in 
totality. The Philippines, Cambodia, and Myanmar have 
impressed worse rate of students per teacher; Laos and 
Cambodia have low literacy rate in their survey data. 
Thus, poor knowledge environment leads to a lower skill 
manpower using and is lack of the sufficient resources to 
improve their technological skill. These countries suffer 
from the dilemma both TD and HR in future study. Also, 
some countries such as Cambodia, Laos, Vietnam, and 
Myanmar, had a low economic competitiveness that had 
led to the lower wages and benefits. Thus, improving the 
economic growth through better TD and HR is the 
emerging topic for these countries. 

Indonesia has superior performance in TD and worse 
performance in HR when compare to Brunei. Although, 
its TD’s performance is better than Brunei, the results are 
apparently less than Pattern 1 countries. From examining 
the foreign direct investment (FDI) from 1999 to 2003 
(listed in Table 8), Pattern 2 countries have worse than 
pattern 1 countries results. The key reason is that Indone-
sia had four years’ negative growth due to their unstable 
investment environment. Also, these results lead to worse 
TD. Thus, how to use the outcome of natural resources 
and the suitable HR to foster the infrastructure of TD is 
the key issue for Indonesia. Consequently, combining the 
synergy of energy resources, HR, and technological en-
vironment sustaining can speed up the development of 
technological skill. 

 
Table 9. FDI inflows into SEA countries from 1999 to 2003 (US $ Million). 

Year  
SEA countries 1999 2000 2001 2002 2003 

Singapore 16067 17218 15038 5730 11431 

Malaysia 3895 3788 554 3203 2473 

Thailand 6091 3350 3886 947 1869 

Brunei 748 549 526 1,035 3123 

Indonesia –2745 –4550 –3279 145 –596 

Vietnam 1484 1289 1300 1200 1450 

The Philippines 1725 1345 982 1111 319 

Myanmar 304 208 192 191 128 

Laos 52 34 24 25 19 

Cambodia 232 149 149 145 87 

SEA countries 27853 23380 19372 13732 20303 

Pattern 1 20710 21555 16118 9968 17027 

Pattern 2 7143 1825 3254 3764 3276 

Data collected from ASEAN statistical yearbook 2004 (http://www.aseansec.org/syb2004.htm). 
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In summary, Pattern 1 countries have superior FDI to 

Pattern 2 countries. That is the reason why Pattern 1 
countries have better TD performance than Pattern 2 
countries have. These results are also identified from 
their national competitiveness of IMD or WEF. Thus, the 
context of this strategic grid has applied a clear path to 
describe the relationship between TD and HR. In addi-
tion, analyzing these relationships among SEA countries 
can explore the importance of HRM in DC and LDC 
when these countries eager to develop their TD. 

5. Conclusions and Discussions 

In this research, we have proposed a framework to dis-
cuss the interrelationships between TD and HR. From the 
empirical studies, two patterns of TD were discovered 
from cluster analysis in SEA countries. We use these 
country’s patterns to monitor the relationship and detect 
the variations between TD and HR from two patterns. 
Each index of sub-category is calculated from the prede-
fined methodology. The phenomenon of relationship can 
explain the supplementary effect of HR that contributes 
toward the TD. 

From the attribute of TD patterns, Pattern 1 countries 
include Singapore, Malaysia and Brunei, which are de-
fined high TD countries; Pattern 2 countries include the 
rest of countries, which are defined low TD countries. In 
addition, throughout the correlation test with each sub- 
category of TD and HR, the sub-categories of TD have 
highly rank correlations with turnover and labor and/or 
industrial disputes and union power in most part of Pat-
tern 1 and Pattern 2 countries. Especially, information 
technology has taken advantage on manpower use and 
cost wages and employee benefits in Pattern 1 countries. 
In contrast, Pattern 2 countries have lower rank correla-
tions in manpower use and cost wages and employee 
benefits. In addition, turnover and labor and/or industrial 
disputes and union power have positive correlation with 
information technology and technology management. 
Although those achievements have positive correlation, 
their performances are laggard to pattern 1 countries. 
Consequently, these results were evidenced from their 
national competitiveness of IMD and WEF. Furthermore, 
the detailed items of each sub-category in surveyed data 
can represent the strong and weak point of TD and HR in 
their countries. 

After examining the characteristics of TD patterns, we 
further employ strategic grid to compare the four types of 
countries with the results of relationships. Singapore and 
Malaysia belong to fitting type and Pattern 1 countries, 
which have highly relationship between TD and HR. 
Thailand, belong to retuning type and Pattern 2 countries, 
which need to improve their employee benefits and basic 
infrastructure. Brunei, belong to inadequate type and 

Pattern 2 countries, which have unbalance resources 
utilization between TD and HR. The rest of SEA coun-
tries belong to ignoring type and Pattern 2 countries, 
which have weak relationship between TD and HR. In 
fact, Pattern 2 countries also have worse performance of 
TD in the past. Furthermore, we inspect the importance 
of each sub-category for HR; Pattern 2 countries try to 
pay more attention to focusing on manpower use in order 
to solve their labor force problem. On the contrary, other 
sub-categories seem to lose focusing by their inadequate 
HR policy. From the achievement of sub-categories of 
TD, Pattern 1 countries almost have superior perform-
ance to Pattern 2 countries. But, how to utilize the HR 
are the complex issues both for Pattern 1 and Pattern 2 
countries. They may have different problems in their 
growth stage of TD life cycle if the HR policies have 
invalid used. Thus, in this empirical study, we give a 
brief account of the interrelationship between TD and 
HR for SEA countries. These results not only show the 
characteristics of pattern countries, but provide the clues 
for decision makers to reshape their HR policies. 

Although this paper focuses on the experiences of 
SEA countries in leveraging its technology and HR, it is 
important to note that the lessons learned are broadly 
applicable to both LDC and DC. The insights gained 
from this study are useful to both researchers and practi-
tioners to better understand the need for complementary 
national resources in leveraging technology effectively. 
Such insights may also provide important avenues for 
future research in terms of determining appropriate tech-
nology and HR strategies for enhancing technology with 
complementary resources. 

Finally, we also suffer from lack of official data in 
some less-developed countries. Thus, the sub-category of 
R&D and patents and copyrights are not discussed in this 
study. However, we present a visible framework to ana-
lyze the TD and HR in whole SEA countries and to de-
pict the variations existed in different countries. Also, an 
evidence of distinct TD which depends on better HR ex-
ploitation is discovered. In future studies, researchers can 
discuss the determinants of economic performance, HRM, 
and management capabilities with TD. SEA countries 
have faced a big challenge to organize and maintain their 
relationships balanced between competition and coopera-
tion as the much larger, rapidly growing regional econo-
mies of China and India continue to rise. 
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