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Towards an analytical framework of corporate performance  

measurement in chemical industry: balanced scorecard perspective 

Abstract 

Taiwan is facing a borderless world in terms of economic competition in this age of globalization marked by rapid 

changes in both domestic and international environments. Its petrochemical industry needs to map out a strategy to 

boost its competitiveness so that the industry will maintain continued growth. This paper studies three major groups: 

senior managers in the petrochemical industry and balanced scorecard experts engaged in the industry’s daily opera-

tions, employees working in the petrochemical industry; and scholars and experts specialized in the use of balanced 

scorecard methodology. Following in-depth interviews and a survey with questionnaires and an analysis of the hierar-

chy process, the study reaches the following conclusions: a perfect system for evaluating business performance must 

include indicators for evaluating traditional performance as well as indicators for evaluating strategic performance; 

with regard to the use of balanced scorecards, this paper suggests these three steps. First, set up an evaluation structure 

for implementing business goals and visions. Second, define strategic goals in order to select suitable antecedent units 

and to select strategic measurements that can serve as performance indicators in the performance evaluation system. 

Third, draft an implementation plan which will successfully introduce balanced scorecard to a business organization; 

with the balanced scorecard, a business organization can translate its business goals and visions into concrete strate-

gies. The balanced scorecard can also be used to gauge if a business organization has achieved its business goals and 

visions after putting its strategies into effect. 

Keywords: balanced scorecard, performance appraisal, financial performance measures, nonfinancial performance measures. 

JEL Classification: L21, L25, L65. 
 

Introduction  

Research background and rationale. The rapid 

development of information technology and global 

trade liberalization has led to increasingly intense 

competition between enterprises. In Taiwan, tradi-

tional industries have evolved from labor-oriented 

businesses to the current knowledge economy, 

which is based on economies of scale. For corporate 

sustainability, many enterprises use methods such as 

corporate relocation, corporate restructuring, busi-

ness integration, IT outsourcing, and process re-

engineering to respond to the pressures of conti-

nuous economic growth, which have affected Tai-

wan’s traditional industries. 

With the rise of international free trade, many enter-

prises are facing challenges, such as improvement of 

performance, reduction of operating costs, high stan-

dards of customer needs, the threat of competitors, 

improvement of the competitiveness of enterprises, 

and adaptation to a changing situation to achieve 

business goals, which deeply test the business intelli-

gence of enterprise managers. Porter (1985) has 

stated that the competitive strategies of enterprises are 

the offensive or defensive actions they take to obtain a 

better position in the industry. To have advantages 

over competitors, enterprises have developed a variety 

of management methods, which have ranged from 

total quality management and management by objec-

tive in earlier years to the recent supply chain man-
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agement, customer relationship management, value 

chain, and business process re-engineering. Even more 

recently, enterprises have turned to new, popular man-

agement methods, such as enterprise resource plan-

ning, knowledge value chain, and Six Sigma. The 

common goal of all of these methods is to create ad-

vantages in a highly competitive environment. In-

deed, the competitiveness of an enterprise can be 

increased through the implementation of a set of 

strategies. However, a proper set of performance 

evaluation guidelines, is needed for the implementa-

tion of strategies. Currently, having tools to effective-

ly evaluate the operating performance of enterprises 

is the primary issue for enterprise managers. 

Traditional corporations generally use financial 

aspects to measure business performance, such as 

ROA, ROI, etc. In the past, individuals in charge of 

enterprises were only concerned about corporate 

profits because corporations only cared about the 

financial side of operations. Indeed, accounting 

measurements were used to evaluate the perfor-

mance index of each department, and managers did 

not care about the effectiveness of strategy imple-

mentation. Because so much attention was focused 

on the financial aspects, nonfinancial performance 

suffered from poor management, and corporations 

could not adjust to rapid and drastic environmental 

changes. This eventually led to corporations losing 

their competitiveness and closing down. Therefore, 

strategies to enhance performance should include 

items related to corporate vision, organizing the 

intelligence of management teams, and excellent 
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communication channels between organization mem-

bers, which would allow members at different levels 

of the corporation to unite in their approach toward 

strategic goals. Traditional performance manage-

ment strategies had several flaws. Thus, in 1992, 

Professor Kaplan, Harvard University, and Dr. Nor-

ton, Nolan Norton Institute, introduced an index to 

implement financial and nonfinancial performance 

guidelines into corporate performance evaluation 

(i.e., the balanced scorecard). The balanced scorecard 

(BSC) originated from the combined practical expe-

riences of service, manufacturing, and high-tech in-

dustries to start the development of new research. 

BSC initially focused on the nonfinancial perfor-

mance index, but, after ten years of evolution, it now 

covers four dimensions (i.e., financial, customer, 

internal business process, and learning and growth). 

BSC translates corporate strategies into specific ac-

tion and connects four dimensions with the organiza-

tion’s missions to create a competitive advantage. In 

addition, BSC helps corporations focus on strategic 

issues, integrate all resources to pursue the imple-

mentation of effective strategies, and accelerate the 

realization of corporate vision. 

The development of BSC can encourage managers 

to interpret corporate vision and effectively commu-

nicate and integrate the standards of strategic objec-

tives and measurement criteria to achieve corporate 

missions. The present study focused on Taiwan’s 

chemical industry, which should strengthen its com-

petitive advantage internationally to maintain con-

tinued growth. We used the viewpoints of BSC to 

assess the practitioners who actually implement 

BSC and experts and scholars who perform signifi-

cant studies on it. The present study was performed 

using the corporate performance index for the chem-

ical industry. In addition, the present study analyzed 

the relevant literature and case studies to further 

integrate theory and practice. 

Purpose of the research. Based on the aforemen-

tioned research background and motivation, this study 

used the viewpoints of BSC to perform an empirical 

analysis of representative cases. The present study had 

three main objectives: 

1. Discussion of the measurement dimension, con-

tent, and index of performance management of the 

chemical industry using BSC. 

2. Exploration of the relative importance of four 

dimensions in BSC through in-depth inter-

views, focus groups, and an analytic hierarchy 

process (AHP). 

3. Summarization of the study’s conclusions to 

provide relevant suggestions to the chemical in-

dustry, scholars, and future researchers. 

1. Literature review 

1.1. Performance evaluation. 1.1.1. The concept of 

performance evaluation. Performance evaluation is 

the human resource management activity of an or-

ganization that determines the extent to which an 

employee was performing his/her job effectively. 

Kaufman (1988) believes that performance evalua-

tion is a measurement method to prove and specify 

that a planned effort achieved the desired result. 

Although performance evaluation can be viewed 

from multiple perspectives, the purpose of perfor-

mance evaluation is to assist in the achievement of a 

corporation’s strategic mission, objective mission, 

and vision. With an excellent performance evalua-

tion system, a corporation can achieve its goal of 

organizational performance and find operating prob-

lems within the corporation. Therefore, performance 

evaluation can improve uniformity of operation 

among employees and promote consistency of ob-

jectives to achieve the goal of a project. 

For the performance evaluation system, Simon (2000) 

first proposed the organizational vision or mission, 

which would form a strategy that could be performed 

and determine the organization planning and goals. 

After establishing an excellent performance evaluation 

system, action must be taken or the organization vision 

or mission would be difficult to achieve. 

1.1.2. Index of performance evaluation. Most of the 

traditional indices of performance evaluation were 

primarily focused on quantitative financial indices 

based on the cost accounting system; however, 

many past evidences have indicated that overem-

phasis on the financial indices could damage the 

competitiveness of enterprises. Therefore, nonfinan-

cial indices are gradually receiving attention. 

Most of early research on the balanced scorecard has 

focused on the “balance” of the scorecard, investigat-

ing how managers use scorecard measures to evaluate 

performance (Lipe and Salterio, 2000, 2002; Ittner et 

al., 2003; Banker et al., 2004; Libby et al., 2004; 

Roberts et al., 2004; Dilla and Steinbart, 2005; Helen, 

2006; William, 2010). Recent research indicates that 

a number of organizations begin to actively utilize 

BSCs to link their strategy and operations (Bartlett 

and Goshal, 1996; Kaplan and Norton, 1996b; Hope 

and Fraser, 1997; Silk, 1998; Atkinson and Brander 

Brown, 2001). The selection of performance meas-

ures is a major aspect of the balanced-scorecard im-

plementation process (Niven, 2002). The goals of the 

firm to develop performance measurement (PM) 

systems are not only to evaluate performance, but to 

help align managerial actions. These systems have 

extensively relied on financial measures which pro-

vide incentives for managers to make decisions that 
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focus on short-run performance (Butler et al., 1997; 

Kaplan and Norton, 1996; Laurie and Nancy 2010). 

BSC should enable managers to engage in activities 

that are consistent with firm goals, ultimately improv-

ing the manager’s decision-making process (Lipe and 

Salterio, 2002) and the firm’s long-run performance 

(KN, 1996, 2008). Bungay and Goold said that non-

financial performance measures provide short-term 

targets on the long-term strategic road (1991). 

The indicators in BSC have progressive layers in 

between and are inner-related to each other, which 

are able to balance between different segments on 

the value chain, short-term and long-term profits, 

objective and subjective measurement factors, fi-

nancial and non-financial indicators, main and sec-

ondary indicators, and between the results and the 

motivating reasons (Xu, 2008; Li Hui, 2010). Kap-

lan and Norton proposed an alternative PM system, 

BSC to help mitigate this short-term focus (1992, 

1996). Lipe and Salterio said that evaluator in-

volvement in the implementation process could 

influence scorecard-related judgments (2000). 

In recent years, there have been several breakthrough 

developments in the accounting field, including the 

concept of strategic performance evaluation. Enter-

prises turn corporate visions and missions into stra-

tegic objectives and introduce strategic objectives 

into performance evaluation systems. These evalua-

tion systems provide corporate management with an 

understanding of the competitive environment and a 

way to assess the achievement of strategic objec-

tives. Before the strategic performance evaluation 

was proposed, corporate managers could only obtain 

evaluation results from traditional performance eval-

uations, and they did not know the key factors re-

sponsible for their operational success or failure. 

Therefore, to achieve the goals and strategic objec-

tives of the enterprise, corporate management should 

adjust the performance evaluation to make the eval-

uation information more valuable. 

1.2. Balanced scorecard. BSC is an indicator for 

promoting future performance, and it overcomes the 

deficits of past financial performance evaluation 

indices. It is not only an evaluation tool but also a 

tool for corporate managers to transmit investment 

results to organization employees and other related 

parties to achieve corporate strategies. Indeed, a 

corporation needs to have strategic direction to ac-

quire competitive advantages. These strategies can 

easily be achieved when they are integrated with 

strategic themes, objectives, and an evaluation index 

of the four dimensions of BSC. 

Scorecard initiatives are actionable plans intended to 

affect performance in targeted objectives, but recently 

scorecard proponents have shifted emphasis from 

balance to strategy, arguing that the scorecard serves 

as a tool for defining strategic objectives and com-

municating them throughout the organization, identi-

fying initiatives to achieve those objectives, and eva-

luating whether those objectives have been achieved 

(Kaplan and Norton, 2000, 2001; Niven, 2002; Buy-

tendijk et al., 2004; Kaplan and Norton, 2004a, 2004b, 

2006). A study by Bain and Company indicates that 53 

percent of firms worldwide use BSC, including 61 

percent of large firms and 49 percent of firms in North 

America (Rigby and Bilodeau, 2009). 

BSC includes four dimensions (i.e., financial, cus-
tomer, internal business process, and learning and 
growth), which allow corporate organizations to 
achieve a balance between short-term and long-term 
goals, expected results and driving factors of these 
results, and soft-subjective and hard-objective mea-
surements. The contents of the four dimensions of 
BSC are described below: 

1. Financial dimension. Kaplan and Norton 
(1996) have stated that the financial dimension 
is the intersection of the goals and measure-
ments of each dimension in BSC. Indeed, each 
measurement within BSC should be an interlock-
ing causal chain with the main purpose of im-
proving traditional financial performance. BSC 
retains the financial dimension because the fi-
nancial index can reflect the past performance 
of the enterprise, which can be used to determine 
whether the implementation of corporate strategy 
can contribute to profits. 

2. Customer dimension. Customer satisfaction is 
the main source of profit in business operations. 
Indeed, a corporation cannot sustain its operations 
in a competitive environment if it does not know 
the needs of its customers. Enterprises should use 
the concept of “customer first” as a basic man-
agement guideline, and the operating activities of 
an organization can use customer loyalty as a key 
indicator that they are meeting customer needs. 

3. Internal business process dimension. In the 
internal business process dimension, manage-
ment must grasp the major internal process to add 
value for customers and shareholders. In other 
words, management should focus on improving 
and measuring these key processes to assist the 
business unit, improve the attraction and reten-
tion of customers in the target market segment, 
and meet the shareholder’s high expectations of 
financial reward. Kaplan and Norton (1996) said 
that the internal business process dimension was 
mainly designed to achieve the goals at the cus-
tomer and financial levels; therefore, its focused 
measurements are customer satisfaction and fi-
nancial objectives of organization. 
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4. Learning and growth dimension. Kaplan and 
Norton (1996) have pointed out that the three 
principal sources of organizational growth and 
learning are people, systems, and organizational 
procedures. The financial, customer, and internal 
business process dimensions in the balanced sco-
recard reflect the actual capacity of people, sys-
tems, and organizational procedures to achieve 
goals. To narrow the gap between these three di-
mensions and organizational objectives, enter-
prises should invest more money and time on 
 

staff training. In addition, enterprises should use 
information technology to strengthen the organi-
zational system, retain the core values, and create 
an excellent corporate culture. 

2. Study design 

2.1. Research framework. The present study fo-
cused on the concepts of the balanced scorecard to 
establish and verify a performance evaluation system 
in Taiwan’s chemical industry. The research frame-
work is shown in Figure 1. 

 

Fig. 1. Research framework 

2.2. Research subjects. The present study examined 

three groups of research subjects: 

1. The first group. This group included representa-

tive chemical industry executives and expert prac-

titioners of BSC. The study was mainly based on 

in-depth interviews to discuss the difficulties that 

may be encountered when industries implement 

BSC and potential solutions to these difficulties. 

In addition, we hoped to provide suggestions for 

industries in the establishment of BSC perform-

ance evaluation system. 

2. The second group. This group contained repre-

sentative members of the enterprises in the chemi-

cal industry. This study mainly involved question-

naire-based surveys and used judgment sampling 

in purposive sampling to select four representa-

tive corporations (i.e., Dic Taiwan Ltd., Nitto 

Denko, Chi Lin Technology, and Chia Lung 

Chemical Industrial Corp). In addition to the four 

representative corporations, we also included 

their business relationships with supply chain 

partners. In total, there were 200 questionnaires 

for middle-level managers in accounting, admin-

istrative, and financial departments. 

3. The third group. This group included scholars 
and experts in the use of BSC and primarily in-
volved AHP expert questionnaire surveys. The 
surveys were designed to explore the weighted 
correlation among all dimensions to assist in es-
tablishing a corporate performance evaluation 
system in the chemical industry based on the 
viewpoints of the BSC. 

2.3. Research methods. The research methods in 
the present study included literature review and 
collation, personal interviews and the use of case 
studies, questionnaire surveys, and an analytic hie-
rarchy process (AHP). 

2.3.1. Literature review and collation. In addition to 
collecting literature relevant to the balanced score-
card, this study also analyzed and collated related 
data using theoretical means, problem solutions, and 
practical applications. These data were summarized 
and compared to clarify concepts and select appropri-
ate application methods. 

2.3.2. Personal interviews and the use of case stu-

dies. The method proposed by Yin (1987) for data 
and document compilation and interviews was used 
for the case study collection method: 

Balanced Scorecard

Financial viewpoint

Customer viewpoint

Internal business process viewpoint

Learning and growth viewpoint

Implementation procedure

of the Balanced Scorecard

AHP of 4 perspectives in

the Balanced Scorecard

quantitativequalitative

Performance evaluation system

in chemical industry
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1. Document and data compilation. The present 

study initially collected and reviewed relevant 

published documents (e.g., research reports sub-

mitted by experts in books, newspapers, maga-

zines, journals, and internet resources) and all 

historical documents and files from representa-

tive chemical companies (i.e., Dic Taiwan Ltd., 

Nitto Denko, Chi Lin Technology, and Chia 

Lung Chemical Industrial Corp). This process 

provided a preliminary understanding of the sub-

ject, which increased the efficiency of the inter-

views and data analysis. 

2. Interviews. The present study also collected data 

by performing face-to-face interviews with top-

level managers in the chemical industry. These 

interviews supplemented the written documents 

and provided a better understanding of each 

company’s case, which allowed us to select 

more appropriate indicators. 

2.3.3. Questionnaires. We sent questionnaires to the 

members of the representative corporations in the 

chemical industry to obtain data for analysis. The 

questionnaires were based on relevant literature about 

BSC, in-depth interviews with top-level managers in 

representative enterprises in the chemical industry, 

and experts in the practice of BSC. 

The questionnaire was divided into five sections: (1) 

the financial dimension; (2) the customer dimen-

sion; (3) the internal business process dimension; 

(4) the learning and growth dimension; and (5) basic 

information about the company. The first four sec-

tions of the questionnaire incorporated the 5-point 

Likert scale (i.e., unimportant, of little importance, 

moderately important, important, and very impor-

tant). The fifth section gathered information, such as 

the name of the respondent’s affiliated company, 

years of company establishment, capital of the com-

pany (New Taiwan Dollar), number of employees, 

and business type. After the implementation of BSC 

and observations of company improvements, we 

provided respondents with their answers to the items 

of the questionnaire. 

The operational definition of the four dimensions 

in the present study was developed according to 

previous literature relevant to BSC performance, 

management systems, the actual operational situa-

tion, and the purpose of the present study (Kaplan 

and Norton, 1996). 

2.3.4. AHP. In the AHP section of the present study, 

factor analysis was performed on the four dimensions 

(i.e., customer, financial, internal business process, 
 

and learning and growth) to extract the criteria-

referenced assessment of the four dimensions through 

the discussion of relevant literature and in-depth in-

terviews of the first group. 

3. Analysis of questionnaire results 

3.1. Questionnaire recovery rate. In the present 

study, the empirical research of the questionnaire 

was performed on the more representative chemical 

industry enterprises (i.e., DIC Taiwan, Nitto Denko, 

Chi Lin Technology, and Chia Lung Chemical) 

using paper and internet questionnaires. 

A total of 200 questionnaires were issued in this 

study, and a total of 160 questionnaires were col-

lected. There were 74 paper questionnaires (70 were 

valid and 4 were invalid) and 86 internet question-

naires (78 were valid and 8 were invalid). The total 

questionnaire recovery rate was 74.00%, and the 

invalidity rate was 7.50%. 

3.2. Factor analysis. In the present study, prin-

cipal component factor analysis was performed. 

Varimax rotation was used to determine the di-

mension of each questionnaire item and select the 

factors with an eigenvalue larger than 1. A 0.6 

absolute value of factor loading was set as the 

acceptable level, and the difference between this 

factor loading and other factor loadings needed to 

be larger than 0.3 to avoid one variable explaining 

several factors at the same time. In addition, each 

factor was given a name based on the factor load-

ing. The present study used the balanced score-

card as the theoretical basis and performed factor 

analysis according to the four dimensions (i.e., 

financial, customer, internal business process, and 

learning and growth dimensions). 

3.2.1. Financial dimension. Two factors were ex-

tracted, and the detailed data are shown in Table 1. 

Higher values for each factor were associated with a 

greater level of importance. 

Factor 1: The enterprise profitability (Fina01), which 

measured the financial success of the enterprise, 

contained six variables: (1) earnings per share 

(EPS); (2) return on investment (ROI); (3) return on 

equity (ROE); (4) return on assets (ROA); (5) reve-

nue growth; and (6) net profit margin (EBIT/Total 

revenue). 

Factor 2: The operating ability of the enterprise (Fi-

na02) contained four variables: (1) fixed assets turn-

over rate; (2) receivables turnover rate; (3) inventory 

turnover rate; and (4) operating cash flow ratio. 
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Table 1. The analysis of financial dimension 

Dimension Factors 
Factor 
loading 

Eigenvalue 
Cumulative explained 

variance 
Cronbach’s  

Financial  
dimension 

Fina01 The enterprise profitability  4.325 0.485  

Fin01 EPS 0.872   

0.872 

Fin07 ROI 0.844   

Fin03 ROE 0.793   

Fin02 ROA 0.745   

Fin04 Revenue growth 0.729   

Fin09 Net profit margin 0.697   

Fina02 The operating ability of the enterprise  2.876 0.720  

Fin05 Fixed assets turnover rate 0.869   

0.834 
Fin10 Receivables turnover rate 0.840   

Fin08 Inventory turnover ratio 0.754   

Fin06 Operating cash flow ratio 0.735   
 

3.2.2. Customer dimension. Two factors were ex-

tracted, and the detailed data are shown in Table 2. 

Higher values for each factor were associated with a 

greater level of importance. 

Factor 1: Customer perception (Cust01), which meas-

ured the feelings of the customers towards the ser-

vices provided by the enterprises, contained six va-

riables: (1) customer satisfaction; (2) customer rela-

tionship; (3) customer retention rate; (4) customer 

acquisition rate; (5) customer complaint rate, and (6) 

customer profitability. 

Factor 2: Corporate services (Cust02), which meas-

ured the impact of services offered by the enterprise 

on customer perception, contained four variables: 

(1) degree of innovation; (2) service quality; (3) 

image and reputation; and (4) market share rate. 

Table 2. The analysis of customer dimension 

Dimension Factors Factor loading Eigenvalue Cumulative explained variance 

Customer 
dimension 

Cust01 Customer perception  3.966 0.529 

Cus01 Customer satisfaction 0.864   

Cus10 Customer relationship 0.842   

Cus03 Customer retention rate 0.767   

Cus02 Customer acquisition rate 0.724   

Cus07 Customer complaint rate 0.699   

Cus04 Customer profitability 0.640   

Cust02 Corporate services  2.866 0.683 

Cus09 Degree of innovation 0.795   

Cus06 Service quality 0.782   

Cus08 Image and reputation 0.766   

Cus05 Market share rate 0.732   
 

3.2.2. Internal business process dimension. Three 
factors were extracted, and the detailed data are 
shown in Table 3. Higher values for each factor were 
associated with a greater level of importance. 

Factor 1: Product quality (Proc01), which measured 
the level of attention that enterprises focused on qual-
ity, contained two variables: (1) product defect rate; 
and (2) product return rate. 

Factor 2: New product development (Proc02), which 
measured the emphasis that enterprises placed on  
 

research and development, contained five va-

riables: (1) innovation ability; (2) new product de-

velopment ability; (3) the number of new products 

developed; (4) process capability; and (5) produc-

tivity. 

Factor 3: Product manufacturing (Proc03), which 

measured the enterprises consistency between progress 

and production, contained three variables: (1) produc-

tion plan achievement; (2) duration of production time; 

and (3) machine failure rate. 

Table 3. The analysis of internal business process dimension 

Dimension Factors Factor loading Eigenvalue 
Cumulative explained 

variance 
Cronbach’s  

Internal business 
process dimension 

Proc01 Product quality  1.803 0.307  

Pro01 Product defect rate 0.833   0.813 
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Table 3 (cont.). The analysis of internal business process dimension 

Dimension Factors Factor loading Eigenvalue 
Cumulative explained 

variance 
Cronbach’s  

Internal business 
process dimension 

Pro02 Product return rate 0.781    

Proc02 New product development  3.916 0.614  

Pro08 Innovation ability 0.891   

0.853 

Pro03 New product development ability 0.884   

Pro05 The number of new products developed 0.836   

Pro04 Process capability 0.795   

Pro06 Productivity 0.781   

Proc03 Product manufacturing  2.043 0.776  

Pro10 Production plan achievement 0.851   

0.831 Pro07 Duration of production time 0.764   

Pro09 Machine failure rate 0.736   
 

3.2.4. Learning and growth dimension. Two factors 

were extracted, and the detailed data are shown in 

Table 4. Higher values for each factor were associated 

with a greater level of importance. 

Factor 1: Staff perception (Lear01), which measured 

how employees perceived the benefits provided by 

the enterprise, contained five variables: (1) staff 

education and training; (2) employee empowerment 

level; (3) employee attendance; (4) employee turno-

ver; and (5) employee loyalty. 

Factor 2: Staff job performance (Lear02), which meas-

ured the performance evaluation system used by man-

agers to assess employees, contained five variables: (1) 

number of proposals from staff; (2) staff work time; 

(3) average staff productivity; (4) staff performance 

evaluation; and (5) team performance. 

Table 4. The analysis of learning and growth dimension 

Dimension Factors Factor loading Eigenvalue 
Cumulative 

explained variance 
Cronbach’s  

Learning and 
growth dimension 

Lear01 Staff perception  3.045 0.469  

Lea04 Staff education and training 0.785   

0.836 

Lea07 Employee empowerment level 0.745   

Lea02 Employee attendance 0.731   

Lea01 Employee turnover 0.722   

Lea03 Employee Loyalty 0.719   

Lear02 Staff job performance  3.075 0.612  

Lea08 Number of proposals from staff 0.832   

0.926 

Lea09 Staff work time 0.785   

Lea06 Average staff productivity 0.734   

Lea05 Staff performance evaluation 0.723   

Lea10 Team performance 0.711   
 

3.3. Analytic hierarchy process (AHP). In the 

present study, we calculated the geometric mean of 

the scores on the questionnaires answered by experts 

to construct a pair-wise comparison matrix at all le-

vels. We then evaluated the relative weights of the 

four dimensions (i.e., financial, customer, internal 

business process, learning and growth) in BSC 

through relevant computing operations using the 

AHP software. In addition, after discussing prior 

literature and the information obtained from in-depth 

interviews the first group of the study, the elements 

of the financial, customer, internal business process, 

and learning and growth dimensions were extracted 

to use as items for evaluation through factor analysis. 

The “measurement dimension” of the first level in 
AHP was based on the theory of BSC proposed by 
Kaplan and Norton, which included the financial 

dimension, customer dimension, internal business 
processes dimension, and learning and growth di-
mension. The “evaluation item” of the second level 
was obtained through the factor analysis of the first 
stage, which included nine items. Therefore, the 
AHP framework of this study was constructed using 
two levels and nine evaluation items. 

The AHP expert questionnaire in the present study 

was based on the viewpoint of BSC, and ten expert 

questionnaires were issued to investigate the rela-

tive weights of the financial, customer, internal 

business process, and learning and growth dimen-

sions in a performance evaluation system of the 

chemical industry. The AHP Expert Choice 2000 

decision support software was used to calculate the 

weights of measurement dimensions and evaluation 

items in the AHP expert questionnaires. In addition, 
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this software tested the accuracy of the question-

naire measurements and determined that the results 

were consistent. 

3.3.1. Screening of valid questionnaires. The consis-

tency was calculated using the AHP software, and we 

used the consistency ratio (C.R. = CI/RI) proposed by 

Saaty (1980). The ratio of CI to RI for the same-order 

matrix is call R.C., which defines the accuracy of the 

pairwise comparisons. The consistency was considered 
 

to be acceptable when C.R.  0.1. In the present study, 

the C.R. value was < 0.1, which indicates that the con-

sistency was acceptable. 

3.3.2. Results of weights. The expert’s responses to the 

questionnaires provided opinions on the relative im-

portance of all elements in the first-level “measure-

ment dimensions” and the second-level “evaluation 

items”. The weights of the pairwise comparison matrix 

are summarized in Figure 2. 

 

Fig. 2. Hierarchical structure and dimensions being studied 

3.3.3. Results and discussion. The most important 

evaluation criterion in the first-level evaluation indi-

cators was “financial dimension”, which had a 

weight of 0.382. This indicator was important be-

cause the chemical industry requires new plants for 

production work. In the second-level evaluation 

index, the weight of “enterprise profitability” was 

0.246, and the weight of “operating ability of enter-

prise” was 0.136. Therefore, we know managers of 

chemical industry pay more attention to the profit 

level than the management level. These findings 

also indicate that managers wish that they can obtain 

higher returns after investment of large resources, 

including manpower, money, equipment, and tech-

nology. Indeed, profit-seeking enterprises pay the 

most attention to whether the organization can prof-

it, and the amount of profit, during operation. 

In the first-level evaluation index, the second most 

emphasized evaluation criterion was “customer di-

mension”, which had a weight of 0.379. Interestingly, 

the difference between the financial dimension and 

the customer dimension was less than 0.004, which 

indicates that in addition to pursuing maximal profits, 

chemical industries were still concerned with the 

perception of the customer. This type of company in 

Taiwan has transformed from an original equipment 

manufacturer (OEM) to a customer-oriented original 

design manufacturer (ODM), which highlights that 

today’s enterprise mangers must pay attention to the 

changes in the whole market environment and use a 

customization approach to operate the market. 

In the second-level evaluation index, the weight of 

“customer perception” was 0.274, and the weight of 

“corporate services” was 0.105. These results sug-

gest that managers in the chemical industry demand 

commitment to the improvement of products and 

services to meet customer needs and enhance cus-

tomer satisfaction. Therefore, enterprises must use 

high standards to evaluate the products and services 

that they provide. In addition, enterprises must focus 

their attention on the customers who significantly 

contribute to their profits. 

In the first-level evaluation index, the “internal 

business process dimension” had a weight of 0.137. 
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Because corporations in the chemical industry have 

professional management teams, research and de-

velopment teams, perfect product development mod-

els, and strict quality control. That is, when estab-

lishing the management team, the enterprise has 

invested considerable resources and spirits, so this 

dimension, compared to other dimensions, is more 

stable and more controllable. Hence, the enterprise 

is more comfortable in the normal management 

process, and more attention is put on the manage-

ment of finance and customers. However, it does 

not mean the enterprise puts less emphasis on the 

management team. 

In the second-level evaluation index, the weights of 

“product quality”, “new product development”, and 

“product manufacturing” were 0.058, 0.038, and 

0.041, respectively. The whole operational system 

of the enterprise transforms from the traditional 

hierarchical structure into a learning organizational 

structure and ultimately into a flat structure, which 

increases product quality, reduces production cost, 

and shortens delivery time. Therefore, the existence 

of an information system for an integrated process 

approach is a critical element for new product de-

velopment and manufacturing. 

In the first-level evaluation index, the least empha-

sized evaluation criterion was the “learning and 

growth dimension”, which had a weight of 0.102. 

The learning and growth dimension included people, 

information systems, and organizational procedures. 

If corporate managers want to shorten the mismatch 

between these three elements and corporate objec-

tives, they must invest more money and time on staff 

education and training. In addition, they must use 

information technology to strengthen the organiza-

tional system, preserve core values, and create an 

excellent corporate culture. 

In the second-level evaluation index, the weight of 

“staff perception” was 0.066 and the weight of “staff 

job performance” was 0.036. The internal activities 

of enterprise organization that are related to staff, 

such as training, education, and benefits, all belong 

to support activities. Therefore, in addition to pur-

suing profit maximization and a high market share, 

managers in the chemical industry also have signifi-

cant concerns about enhancing staff capabilities. It 

is not enough, however, to focus on staff perception. 

People, information systems, and organizational 

activities must be integrated to facilitate the pursuit 

of maximal benefit for the enterprise. 

3.3.4. Strategy map. Kaplan and Norton (2001) have 

stated that a strategy map acts as a common frame-

work to describe strategies that can assist enterprises 

in fully presenting the outcomes they want and driv-

ing the performance of those outcomes in a series of 

logical, causal steps. Therefore, a strategy map is 

the best tool for business leaders to present and 

manage strategies. In the present study, the deriva-

tion graph of the strategy map compiled from the 

weights obtained from AHP is shown in Figure 3. 

 

Fig. 3. The derivation of the strategy map 

The derivation of the strategy map in the present 

study is based on BSC proposed by Kaplan and Nor-

ton. The relationship between all measurement dimen-

sions and evaluation items can be seen in Figure 3. In 

the learning and growth dimension, the staff percep-

tion and job performance can affect the internal busi-

ness process dimension; therefore, these variables can 

be reflected in the product level (e.g., product quality, 

new product development, and product manufactur-

ing). The procurement of raw materials, production 
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scheduling, assembly of semi-finished products, 

product manufacturing, logistics distribution, after-

sales service, and other activities of companies in the 

chemical industry was reflected in the customer di-

mension, which indicates whether the services pro-

vided by enterprises have positive impacts on custom-

er perception and business operations influenced by 

customer perception. After a series of processes, the 

final corporate operating performance was reflected in 

the financial dimension. Corporate managers can eva-

luate operating performance, goal achievement rates, 

and cost control through performance evaluation in-

dices. Moreover, performance evaluation indices can 

reflect the earning power and operating ability of 

enterprises in the chemical industry. 

Conclusions and recommendations 

Conclusions. This present study used the viewpoints 

of BSC to study two main subjects: practitioners who 

actually implement the balanced scorecard and ex-

perts and scholars who have researched the balanced 

scorecard in studies of performance evaluation indic-

es of enterprises in the chemical industry. In addition, 

we used relevant literature discussion and case stu-

dies to integrate theory and practice. 

The present study used BSC as the theoretical basis, 

and factor analysis, reliability and validity analysis, 

in-depth interviews, and AHP were used to measure 

the relative degrees of importance of the four dimen-

sions of BSC. The empirical results of this study were 

used to describe the strategy map, and the causal 

relationships between the elements of the four dimen-

sions of BSC were linked through the strategy map. 

Strategy maps provide corporate managers with a 

plan to concentrate their resources and obtain effi-

cient teamwork from every unit in the organization, 

which allows the organizational objectives and vision 

to be transformed into practical actions and implanted 

into each member of the organization. The results of 

the present study are summarized below. 

After the questionnaires were collected for this 
study, the factor analysis was performed to extract 
key elements. 

The following list shows the variables associated 
with each factor: 

1. Financial dimension: enterprise profitability and 

operating ability of the enterprise. 

2. Customer dimension: customer perception and 

corporate services. 

3. Internal business process dimension: product 

quality, new product development, and product 

manufacturing.

Learning and growth dimension: staff perception 
and staff job performance. 

After AHP expert questionnaires were collected, we 

analyzed the relative weights and described the stra-

tegic map: 

1. In the learning and growth dimension, the staff 

perception and job performance of the chemical 

industry enterprises affects the level of internal 

business processes. 

2. In the internal business process dimension, the 

product quality has the most impact, followed 

by product manufacturing, and the development 

of new product has the least impact. The quality 

of product will be reflected in the level of cus-

tomer satisfaction. 

3. In the customer dimension, real-time response 

to market demand starts to become the focus of 

corporate operation because the market orienta-

tion is completely driven by consumers. 

In the financial dimension, the contribution of stra-

tegic implementation to company profit can also be 

determined because the financial dimension can 

reflect past performances of the enterprises. There-

fore, managers can clearly understand the status of 

corporate operations through the data presented by a 

performance evaluation index. 

After comprehensive analysis of these three results, we 

arrived at the following conclusions: 

1. The evaluation index of a perfect corporate per-

formance evaluation system should include a 

traditional performance evaluation index and a 

strategic performance evaluation index. 

2. Through the use of BSC, enterprises can trans-

form corporate objectives and visions into prac-

tical strategies and determine whether the corpo-

rate objectives and visions can be achieved after 

strategic implementation. 

Recommendations for enterprises. The present 

study used in-depth interviews to empirically analyze 

the goals of the study and provide recommendations 

for enterprises in the chemical industry. 

1. Before the implementation of the balanced sco-

recard, a rigorous and careful analysis of the 

feasibility should be performed, and a research 

proposal should be prepared to provide criteria 

for the implementation of the plan by the execu-

tive team. Therefore, the research proposal 

should clarify the corporate objectives, visions, 

and strategies. 

2. When implementing a new information system 

in an organization, there will be some resistance 

and obstacles. Therefore, corporate managers 

must have the ability to thoroughly understand 

the performance evaluation system. In addition, 
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they must affirm and support the implementa-

tion of the new performance evaluation system 

and oversee that the system increases efficiency. 

Recommendation for future researchers. Although 

many documents were collected for the present 

study and we have a certain degree of understanding 

of the current status of the chemical industry devel-

opment within the whole market environment, some 

questions were not discussed in depth because of 
 

limitations in cost, time, and data acquisition. In 

addition, future studies should focus on the follow-

ing recommendations. 

1. The sample size of interviews can be expanded to 

make the data more comprehensive. 

2. Although we focused on the chemical industry, 

future studies could examine the key elements 

and factors in the establishment of performance 

evaluations systems in other industries. 
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