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Abstract: Innovation is one of the most important factors for economic growth in every company. Previous studies have shown that 

innovation is highly dependent to the knowledge. On the other hand knowledge sharing is an influential factor can create knowledge. 

Therefore, knowledge sharing can be applied to increase innovation (product/service, process, marketing, and organizational 

innovation). Training, staffing, reward system, performance appraisal, and participation are the most applicable HRM practices that 

have potential to affect knowledge sharing and thereby innovation.  This paper attempts to justify the relationship between HRM 

practices, knowledge sharing, and innovation. At the end, this study proposes a framework which any linkage of it is being supported 

by extant research. 
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1. INTRODUCTION 

Innovation is one of the most important factors 

in any industry. Innovation is important since 

it results in economic growth (Manafi and 

Subramaniam, 2015). Moreover, relationship 

between innovation and economic growth is 

supported by endogenous theory (Howitt, 

2010). 

Innovation can be defined as transforming 

process of an idea into a thing which can 

achieve value in businesses (Howitt, 2010; 

Manafi and Subramaniam (2015). Different 

studies attempted to highlight influential 

factors on innovation including role of firm  

 

network structure (Capaldo, 2007; Chulun et 

al., 2017), knowledge management/sharing 

(Chen and Huang, 2009; Wang and Wang, 

2012; Manafi and Subramaniam, 2015), 

quality management (Golmohammadi et al., 

2014; Bon and Mustafa, 2013), leadership 

style (Manafi and Subramaniam, 2015; Barsh 

et al., 2008), organizational learning (Chiva et 

al., 2014; Stata and Almond, 1989). However, 

one of the most important factors is 

knowledge management and knowledge 

sharing. It is clear that transforming an idea 

requires knowledge, thus maybe we can 

consider knowledge has a key role in increase 
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of innovation. Knowledge sharing is one of 

the critical factors that can result in knowledge 

creation (Nonaka and Takeuchi, 1995). 

Therefore, increase in knowledge sharing can 

improve innovation. By narrowing this issue 

to human resource management (HRM), it 

would be important that through which tools 

in HRM we can increase knowledge sharing 

and finally innovation. The resource based 

view (RBV) theory (Barney, 1991), 

emphasizes on critical role of human resource 

to achieve competitive advantage that in fact 

supports relationship between HRM 

techniques and innovation. In addition, social 

capital theory (Nahapiet and Ghoshal, 1998) 

focuses on key role of knowledge sharing. 

Different HRM practices have been employed 

in various researches (Huselid, 1995; Chen 

and Huang, 2009, Fong et al., 2011; Manafi 

and Subramaniam, 2015) including training, 

staffing, performance appraisal and reward 

and compensation. Hence current research 

attempts to define the relationship between 

innovation, knowledge sharing and HRM 

practices. 

2. LITERATURE REVIEW 

2.1. Innovation and its impact on Firm 

Performance 

There are many different categories of 

innovation and the one which is highly 

accepted is OECD (2005) in Oslo Manual that 

describes four kinds of innovation: process 

innovation, product innovation, marketing 

innovation, organizational innovation. 

Technological innovation covers process and 

product innovation and also non-technological 

innovation covers marketing and 

organizational innovation. According to 

Schumpeter (1934) and many other well-

known scholars in field of innovation for 

example Damanpour (1991) and Edquist, 

Hommen and McKelvey (2001), innovation 

have been classified in different ways. With 

no detraction from such classifications, the 

Oslo Manual classification homogenizes and 

synthesizes all of the previous critical 

innovation classifications. The presented 

theoretical framework by resource based view 

(RBV) can facilitate clarified innovation 

analysis and its relationship with performance 

(Manafi and Subramaniam, 2015). The RBV 

theory employs internal characteristics of 

organizations to describe their heterogeneity in 

both performance and strategy. 

Based on core assumption of this theory, only 

those organizations with specific capabilities 

and resources and also certain characteristics 

can obtain competitive advantage and thus 

gain improved performance. A factor’s 

distinctiveness is based on its value, rarity, 

inimitability, durability and non-

substitutability (Barney, 1991). So, sustainable 

competitive advantage demonstrates the 

organizational capability to reconfigure and 

continuously renews its supply of 

idiosyncratic and valuable capabilities and 

resources to generate innovation (Camison and 

Villar-Lopez, 2014). According to theoretical 
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point of view, the diversity of research 

findings put other projects in danger within 

academic field in order to have a better 

knowledge of causes and effects of 

organizational innovation.  

The variables’ heterogeneity and also 

difficulties to identify their relationships and 

in making difference between ambiguities 

caused challenges for investigating in this 

field (Camison and Villar-Lopez, 2014). 

Based on country-level point of view, 

employing macroeconomic data, many 

researches to describe economic context which 

provides a favorable environment for 

innovation (Santos et al., 2014). Regardless of 

having remarkable attention in industrial 

economics, the innovation theory provides a 

particular field of study which leverages 

contributions from various knowledge areas, 

specifically those initiating from economic 

and organizational studies, so generating a 

albeit and solid and new developed theoretical 

body. Various scholars employing qualitative 

and quantitative methodologies under multiple 

methods have investigated the relationship 

between business performance and innovation. 

2.2. Knowledge sharing and Innovation 

According to (Nahapiet and Ghoshal, 1998), 

the social capital theory can be defined as 

sharing of knowledge that is done 

purposefully. This theory describes that social 

basis interactions could be particularly 

effective to create knowledge while society is 

closely knit and has formed intricately the 

social structures (Helmstadter, 2003). Hence, 

it would be helpful specifically to encourage 

social interactions in order to improve 

knowledge sharing (Reychav and Teeni, 

2009).  

Social capital was introduced by Nahapiet and 

Ghoshal as one integrated outline in order to 

comprehend knowledge sharing and 

knowledge creation via internal social 

interaction in an organization. They explained 

that social capital possibly will be easier to 

grow among the communities in which there 

exist frequent interactions, shared history and 

also closed structure socially (Reychav and 

Teeni, 2009). 

Moreover, according to Nahapiet and Ghoshal, 

relational, structural and cognitive aspects are 

three main dimensions of social capital. This 

framework of three dimensions has been 

formed in order to investigate relationship 

between intra-organizational fact and social 

capital for instance generating intellectual 

property (Nahapiet and Ghoshal, 1998), inter-

unit resource exchange (Tsai and Ghoshal, 

1998) and organizational citizenship behavior 

(Bolino and et al., 2002).  

Knowledge sharing means behavioral routines 

or collective beliefs relevant to spread of 

learning between employees or units across a 

firm (Manafi and Subramaniam, 2015). 
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Previous studies have shown that knowledge 

sharing could result in improved 

organizational innovativeness (Chen and 

Huang, 2009; Manafi and Subramaniam, 

2015). Specifically, experts have discussed 

before that knowledge sharing provides new 

knowledge combination or new products 

(Schumpeter, 1934; Chen and Huang, 2009; 

Manafi and Subramaniam, 2015). Due to 

knowledge is available in different people and 

various organizational levels so organizational 

employees have to share it for setting up new 

mental models and routines (Nonaka and 

Takeunchi, 1995). Moreover, while members 

prefer to exchange and share knowledge, so 

they are able to create collective learning as 

well as synergistic advantages from progress 

of knowledge and resource exchange (Nonaka 

and Takeuchi, 1995). Innovations occur while 

organizational employees share their own 

expertise and then convert it to explicit types 

of services and products (Chen and Huang, 

2009). Therefore, organizations that can share 

knowledge effectively among their employees 

are possibly more innovative. 

Clearly, we can assume knowledge as an 

effective variable on innovation. The SECI 

model has been defined by Nonaka and 

Takeuchi (1995) which includes socialization, 

externalization, combination and 

internalization as well as four kinds of 

knowledge conversation which are explicit to 

explicit, tacit to tacit, explicit to tacit and tacit 

to explicit. They have demonstrated that 

knowledge sharing results in knowledge 

creation. Hence, knowledge creation can 

contribute to improve innovation.  

Also, Wang et al., (2009) analyzed the 

knowledge sharing impact and also team 

communication on innovation in a team. The 

findings have shown that knowledge sharing 

has a remarkable influence on innovation. 

Relevant to Iran’s electronic industry, Zohoori 

et al., (2013) asserts that most critical factor to 

increase innovation is knowledge sharing. 

They studied effects of tacit knowledge 

sharing and also explicit knowledge sharing 

on speed of innovation and its quality and 

identified that all of the relationships are 

positive and significant. Based on mentioned 

studies, it could be concluded that innovation 

can be impacted by knowledge sharing in 

various industries.  

2.3. HRM practices and their impact on 

innovation 

The human resource management practices 

could be described as organizational activities 

which are about managing a human resources 

group and ensuring that such resources are 

effectively optimized to reach organizational 

goals (Manafi and Subramaniam, 2015).  

A lot of common HRM practices such as 

training, performance evaluation, staffing, 

participation, compensation and reward 

system are related to some dimensions such as 
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improving commitment, lowering turnover 

and also improving performance through their 

impact on motivation and development of 

staffs (Chun and Huang, 2009; Manafi and 

Subramaniam, 2015). 

Fong et al. (2011) identified a gap in previous 

investigations that is HRM practices including 

training, compensation, staffing, team work 

and performance appraisal are considered as 

effective factors on knowledge sharing. In 

addition, Manafi and Subramaniam (2015) 

studied effects of HRM practices on both 

innovation and knowledge sharing.  

If the firms aim to present new products and 

also initiate new management processes, they 

require the motivation and capability of the 

human capital to provide ideas which are 

creative, innovative methods and offering new 

opportunities which are novel (Scarbrough, 

2003). The HRM function can be modified 

and have an influence on attitudes, capabilities 

and behaviors of employees in order to 

achieve these goals (Chen and Huang, 2009; 

Manafi and Subramaniam, 2015). This is a 

critical aspects to provide proper context for 

encouraging and guiding staffs into generating 

innovative activities (Scarbrough, 2003; Chun 

and Huang, 2009). Organizations can use 

HRM practices such as performance appraisal, 

recruitment, rewards and training to motivate 

commitment from staffs and make them to 

participate creatively in innovating and 

thinking (Damanpour, 1991; Chen and Huang, 

2009). 

Those firms which use innovative features and 

also creative abilities in selection and 

recruitment, their employees would be drawn 

to generate diverse ideas and to be committed 

to more innovative acts (Chen and Huang, 

2009; Manafi and Subramaniam, 2015).  

Employing proper recruitment process, staffs 

can be considered as important sources of new 

ideas within the innovation process of an 

organization. Another aspect is training which 

can make the employees able to be exposed by 

various forms of knowledge and to become 

motivated to utilize new ideas (Chun and 

Huang, 2009; Manafi and Subramaniam, 

2015). Firms can suggest different broad 

programs of training to their staffs to foster 

new knowledge, new skills and critical 

innovative capabilities to effectively conduct 

their work (Chun and Huang, 2009). 

Firms need to place value and importance on 

innovation as a main priority within the 

organization and suggest appraisal tools which 

are formal in order to compute innovative 

outcomes and actions because innovation 

process is long usually, complex and includes 

different parties (Chun and Huang, 2009).  

The performance appraisal which provides 

positive pressure on staffs could generate 

feelings of challenge and achievement and 

also act as a useful motivator for employees 



International Journal of Science and Engineering Applications 

Volume 6 Issue 08, 2017, ISSN-2319-7560 (Online) 

www.ijcat.com  191 

(Chen and Huang, 2009). Performance 

appraisals can increase employees’ motivation 

to participate in innovative activities and help 

the firms to obtain their goals for their 

innovation process (Chen and Huang, 2009). 

Moreover, understanding individual and team 

achievements along rewards also will 

encourage more innovation. Extrinsic and 

intrinsic compensations both are necessary to 

encourage employees to contribute in 

challenging activities and suggest them 

benefits to create new ideas and develop new 

successful products (Chen and Huang, 2009). 

Those companies that generate innovative 

activities will have more uncertainty and 

variability levels comparatively in their 

innovation process. They need staffs who are 

creative and are motivated to be risk takers, 

flexible and can tolerate uncertainty and 

ambiguity (Chen and Huang, 2009). 

Moreover, the studies on factors which might 

increase hospitality innovation also 

demonstrated that hospitality executives 

consider different HRM practices (employee 

empowerment and training) and also employee 

attitudes (employee commitment) to be critical 

to success of developing new projects within 

hospitality firms (Ottenbacher and Gnoth, 

2005; Ottenbacher et al., 2006).  

The existed literature on innovation in 

hospitality industry has many limitations. 

First, still it did not mention empirical and 

conceptual differences among two kinds of 

innovation (radical and incremental 

innovation), second, even though there is 

support for critical role of HRM practices to 

promote hospitality innovation, as noted 

earlier, yet there is lack of systematic and 

rigorous studies. 

3. PROPOSED FRAMEWORK 

By above discussion, there is a logical 

relationship between HRM practices and 

knowledge sharing and innovation. Besides, 

extant research have shown that innovation is 

highly dependent to knowledge.  

 

Figure1: Proposed framework of this study 

Figure 1 shows the proposed framework of 

this study based on the RBV and social capital 

theories. It should be noticed that each linkage 

is supported by previous study as discussed in 

literature review section. Since knowledge 

sharing can be related to the human behavior, 

in this framework knowledge sharing has 

concentrated on two components including 

knowledge donating and collecting. 
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4. CONCLUSION 

Innovation is one of the most important factors 

for economic growth in every company. 

Previous studies have shown that innovation is 

highly dependent to the knowledge. On the 

other hand knowledge sharing is an influential 

factor can create knowledge. Therefore, 

knowledge sharing can be applied to increase 

innovation (product/service, process, 

marketing, and organizational innovation). 

Training, staffing, reward system, 

performance appraisal, and participation are 

the most applicable HRM practices that have 

potential to affect knowledge sharing and 

thereby innovation. This effect can be 

supported by RBV and social capital theories. 

Future study can test the proposed framework 

of this study in different industries such as 

ICT and manufacturing. 
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1. INTRODUCTION 

The role of innovation to improve economic 

growth is one of the important topics which 

has been discussed in various researches. 

Different definitions have been suggested for 

innovation which are at some point consistent 

among experts: innovation is considered as a 

process of translation regarding an idea or 

invention toward a product or service that 

creates value that customers will to pay for it. 

Moreover, the suggested categories for 

innovation always have been the topic of 

various investigations. Different 

classifications are critical due to they result in 

recognizing the important factors. It appears 

that 10 suggested categories by Keeley et al 

(2013) have studies innovation more 

particularly which contributes to better 

understanding of innovation enablers and also 

existed methods in management science.  

Transformational leadership is one of the main 

tools in the human resource management. 

Previous research have shown that 

transformational leadership can affect 

innovation and organization performance. 

Followed by extant research, current research 

attempts to find how different components of 

transformational leadership affect various 

innovation’s components.   

The scope of this study is government 

organizations of Iran located in 4 largest cities 

of Iran. Focusing on this type or organization 

is very important because of the importance of 

Iranian organizations which are linked to the 

government. In other words, any improvement 

in innovation can affect economic growth of 

country significantly. Besides, the customer of 

this type of organizations could be very citizen 

of Iran. 
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2. LITERATURE REVIEW 

2.1. Innovation 

Among many different categorizations of 

different kinds of innovation, the OECD 

(2005) in Oslo Manual is one of the most 

recent accepted classifications that introduces 

four main types of innovation including 

process innovation, product innovation, 

marketing innovation and also organizational 

innovation (OI). Technological innovation 

covers process and product innovations. On 

the other hand, non-technological innovation 

includes organizational and marketing 

innovations. According to Schumpeter (1934) 

and other famous innovation scholars for 

example Damanpour (1991) and Edquist, 

Hommen and McKelvey (2001) different 

types of innovation have been classified in 

many ways. The Resource Based View (RBV) 

employs internal characteristics of 

organizations to discuss their heterogeneity in 

performance and strategy. Based on main 

focus of RBV, only those organizations with 

specific resources and abilities and certain 

characteristics can reach competitive 

advantage and so will gain improved 

performance. The degree of distinctiveness of 

factors depend on their durability, values, 

rarity and non-substitutability, appropriateness 

and inimitability of created rents (Zohoori et 

al., 2013; Barney, 1991). 

Moreover, Keeley et al (2013) have 

categorized innovation according to three 

components which are experience, offering 

and configuration (See Table 1). 

Table1: Different categories of innovation 

according to Keeley et al. (20013) 

 

2.2. Transformational leadership and 

innovation 

In a study conducted by Burn (1978), first he 

introduced transformational leadership theory. 

Later the scholars, Avolio and Bass(1995) 

expanded this theory. They noted that 

transformational leadership is categorized as 

four main areas including charismatic role 

modeling, individualized consideration, 

inspirational motivation and intellectual 

stimulation.  

In 2004, Rafferty and Griffin (cited in Shao et 

al. (2012), again studied model of theory as 

presented by Bass and categorized 

transformational leadership as five sub-

dimensions including vision, inspirational 

communication, personal recognition, 

intellectual stimulation and supportive 

leadership. In addition, confirmatory factor 

analysis was employed to demonstrate proof 

of supporting the five sub-dimensions’ 
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structure of the transformational leadership. 

Table 7 below shows these five sub-

dimensions. 

Table 7: Five sub-dimensions of 

Transformational Leadership 

 

Transformational leaders generated innovation 

level in the organization with the 

consideration that the organization is 

innovative. It is important that leaders use 

inspirational motivation and intellectual 

stimulation for innovation in organization 

(Elkins and Keller, 2003; Gumusluoglu and 

Ilsev, 2009; Shao et al., 2012; Manafi and 

Subramaniam, 2015). 

As noted by Howell and Higgins (1990), the 

transformational leadership fosters ideas 

which are creative inside their companies; 

such act reveals “championing role” of 

transformational leadership. Such type of 

leadership suggests a vision which can inspire 

employees, increases their desire to perform 

outstanding activities and encourages them to 

use innovative techniques in their own job 

functions. The result of such high level 

motivation then improves organizational 

innovation (Mumford et al., 2002). Many 

empirical studies concluded that such leaders 

have positive impact on level of innovation 

(Waldman and Awater, 1994). These scholars 

studied the relationship between innovation 

and transformational leadership within R&D 

departments as well as project management 

offices. Usually, effects of transformational 

leadership on innovation in organizations has 

been a subject of interest between scholars. In 

a research conducted by Jung et al. (2003), in 

Taiwan on 32 firms, it was understood that 

transformational leadership has significant and 

positive impact on organizational innovation 

which was calculated according to R&D 

expenses and number of received patents 

during past 3 years. 

Besides, transformational leadership has 

positive impact on innovation success in 

market. Those leaders who develop innovative 

vision and demonstrate power and confidence 

will aim to understand innovation success 

within a market. Such leaders utilize their 

employees to improve innovation success 

(Gumusluoglu and Ilsev, 2009; Manafi and 

Subramaniam, 2015). Also Keller in (1992) 

asserted that offering leadership to 

professional staffs might take more compared 



International Journal of Science and Engineering Applications 

Volume 6 Issue 08, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  197 

 

to leadership method, specifically in R&D in 

which quality has the main importance. 

In addition to internal roles, transformational 

leaders might be successful to carry out 

external roles, for instance through 

championing/entrepreneurship and also 

boundary spanning (Howell and Higgins, 

1990: Gumusluoglu and Ilsev; 2009). It is 

necessary for an influential innovative 

marketing and also for realizing the market 

behavior. 

3. METHOD AND RESULTS 

This study applied quantitative method to 

examine the relationship between 

transformational leadership and innovation. 

Firstly, 15 hypotheses were developed (See 

Table 3). Figure1 demonstrates the proposed 

framework of this study. 

 

278 data was gathered from 15 government 

organizations located in four largest cities of 

Iran. The survey questionnaire was adapted 

from previous researches which are mentioned 

in literature review. Based on the research 

conducted by Manafi and Subramaniam 

(2015) and Keeley et al. (2013), the 

questionnaire was designed. The process of 

data gathering and analysis was done during 

Jan to May of 2017. The respondents of this 

study were supervisors, managers, and top 

managers. They were chosen randomly. 

The main statistical method was multiple 

regression analysis. The main software was 

SPSS 22. The results of multiple regression 

analysis can be seen in Table 2 and Table 3. 

 

According to the results of regression 

analysis, except 4 hypotheses other 

hypotheses were accepted by this 

study (As shown in Table3). 

Table 3: Multiple regression analysis’s results 
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Impacts  Hypotheses B 

coefficient  

Std. 

Error 

T p-value VIF Supported 

Vision-

Con 

H1: Vision has a significant 

and positive effect on 

configuration 

.222 .067 3.313 .002 

 

1.11 

 

Yes 

InC-Con H2:Inspirational 

communication has a 

significant and positive 

effect on configuration 

.188 .077 2.44 .041 

 

 

3.409 

 

 

Yes 

InS-Con H3: Intellectual stimulation 

has a significant and 

positive effect on 

configuration 

.235 .052 4.519 .001 

 

2.25 

 

Yes 

SL-Con H4: Supportive leadership 

has a significant and 

positive effect on 

configuration 

.065 .088 .738 .22 

 

2.12 

 

No 

 

PR-Con H5:Personal recognition has 

a significant and positive 

effect on configuration 

.191 .029 6.58 .003 

 

2.78 

 

Yes 

R square: .85 

Constant:2.33 

Regression Equation: Conf= 2.33+ .222 (Vision)+ .188 (InC)+.235(InS)+.065(SL)+ .191(PR) 

Vision-

Offe 

H6: Vision has a significant 

and positive effect on 

offering 

.212 .065 3.26 .004 

 

2.01 

 

Yes 

InC-Offe H7:Inspirational 

communication has a 

significant and positive 

effect on offering 

.301 .088 3.42 0.00 

 

1.68 

 

Yes 

 

InS-Offe H8: Intellectual stimulation 

has a significant and 

positive effect on offering 

.444 .151 2.94 .002 

 

1.68 

 

Yes 

SL-Offe H9:Supportive leadership 

has a significant and 

positive effect on offering 

.066 .122 .54 .78 

 

2.13 

 

No 

 

PR-Offe H10: Personal recognition 

has a significant and 

positive effect on offering 

.188 .077 2.44 .041 

 

3.409 

 

Yes 

R square: .91 

Constant:4.47 

Regression Equation: Offe= 4.47+ .212 (Vision)+ .301 (InC)+.444(InS)+.066(SL)+ .188(PR) 

Vision-

Exp 

H11:Vision has a significant 

and positive effect on 

experience 

.098 .43 .227 .075 

 

2.57 

 

No 

InC-Exp H12:Inspirational 

communication has a 

significant and positive 

effect on experience 

.067 .12 .54 .066 

 

3.13 

 

No 

 

InS-Exp H13:Intellectual stimulation 

has a significant and 

positive effect on experience 

.193 .73 2.64 .022 

 

2.22 

 

Yes 

SL-Exp H14:Supportive leadership 

has a significant and 

positive effect on experience 

.226 .047 4.80 0.00 

3.01  

Yes 

PR-Exp H15:Personal recognition 

has a significant and 

positive effect on experience 

.311 .065 4.78 0.00 

2.22 Yes 

R square: .79 

Constant:-1.47 

Regression Equation: Exp= -1.47+ .067 (Vision)+ .193(InC)+.444(InS)+.226(SL)+ .311(PR) 
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As shown in Table 3, except supportive 

leadership all components of transformational 

leadership have significant and positive 

impacts on configuration. The highest impact 

refers to intellectual stimulation while the 

lowest impact refers to supportive leadership. 

As shown in Table 3, except supportive 

leadership all components of transformational 

leadership have significant and positive 

impacts on offering. The highest impact refers 

to inspirational communication while the 

lowest impact refers to supportive leadership. 

As shown in Table 3, except vision and 

inspirational communication all components 

of transformational leadership have significant 

and positive impacts on offering. The highest 

impact refers to intellectual stimulation while 

the lowest impact refers to vision. 

4. CONCLUSION 

Extant research have shown that 

transformational leadership can affect 

organizational performance and 

particularly innovation. Keeley et al. 

(2013) have classified different type of 

innovation in to three categories 

including, configuration, offering, and 

experience. This study examined the 

relationship between transformational 

leadership’s components and innovation’s 

components based on the Keeley’s 

classification. The furfure research can 

test the proposed framework of this study 

for other industries and scopes. 
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ABSTRACT 
Soil degradation takes place due to mining and industrial activities. The natural properties of 

soils which are capable of sustaining plants are altered due to such anthropogenic activities. 

Assessment of soil properties is necessary in these areas. Bolani and its adjoining areas are well 

known for iron ore mining and mineral based industries. Soil samples were collected from these 

areas to determine their physic-chemical properties. Analysis of soil samples was carried out 

following standard procedures. It is observed that majority of the soil samples of the study area 

show silt-loam texture, poor sorting, negative skewness and platykurtic nature.The bulk and 

particle densities of the soils vary from 1.1 to 2.5 g/cm3 and 2.267 to 4.578 g/cm3 respectively 

with variable porosities of 32.1 to 62.1%.The organic matter content and cation exchange 

capacity(CEC) of soils are low varying from 0.03 to 2.86% and 2.6 to 7.8 meq/100g 

respectively. Observations reveal mixing of wash outs from mining and mineral processing 

units affecting soil properties. 

 

 
Key words:Soil texture, soil  size, particle density, cation exchange capacity, Iron ore belt, 

Bolani. 

 

 

 

1.INTRODUCTION 

Soil  is a vital link in the hydrological cycle. 

Soil holds the nutrient for plants. The size 

of the particles influences the 

characteristics of the soil. Organic matter 

makes the soil spongy so that the roots of 

plants are able to hold the required water 

and nutrients.Soil is formed by the 

weathering of rocks. The first layer of the 

soil known as top soil is a mixture of 

organic material and minerals (Korte et 

al,1976). The formation of top soil is a slow 

process and may take about 1000 years. 

Mining and processing minerals are the 

most environmentally damaging of all 

human activities (Miller, 1994).Bolani and 

Barbil are well known for mining and 

industrial activities. Mining, generally 

involves excavation, drilling, blasting, 

loading and transport of ores. Also, 

beneficiation of ores are carried out at 

mining site to meet the demand for specific 

metallurgical plants. mining and industrial 

activity in a region can greatly obliterate 

this natural balance by accelerated 
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accumulation of undesirable trace metals 

and major cations in soils, rendering it 

unsuitable for plant growth ((Melegy, 

2005). Several investigations carried out on 

soils (Ansari et al. 2000; Hren et al., 2001; 

McGregor et al., 1998; Lin and Herbert, 

1997; Bullock and Bell, 1997; Clark et al., 

2001; and Gabler and Schneider, 2000) 

reveal that the soils and the sediments of the 

nearby mining area are severely 

contaminated by mine wastes in most part 

of the world. Studies carried out by Harber 

and Froth(2001) and Mahapatra (2000) 

reveal that sites where iron and steel were 

manufactured or processed are likely to 

contaminate surrounding soils. Studies 

carried out by Juwarkar and Malhotra 

(1994) correlate poor nutrient holding 

capacity with manganese mine spoil dumps 

Maharastra. Hence, determination and 

monitoring of physico-chemical 

characteristics of soils of mining and 

industrial area are necessary to know the 

changes in the soil properties. 

2.Geological Setting 

The present study area (Fig.1) 

lies in Bolani and Barbil of Keonjhar 

district, Orissa. between 22o 3’N to 22o 

8’N latitude and 85o 18’E to 85o 25’E 

longitudes falling in the Survey of India 

toposheet No.73F/8. The climate of the 

district is tropical to sub-tropical with 

hot summer, high and well distributed 

rainfall during the monsoon. The areas 

are known for their iron and manganese 

ore deposits. Rocks of the area belong to 

Iron Ore Group (IOG) comprising 

mainly Banded Iron Formation (BIF) 

and associated volcano-sedimentary 

rocks (Acharya,1984). The Banded Iron 

Formation more or less circumscribes 

the Singhbhum granite batholith. BIF 

occurrences in Joda-Barbil-Noamundi, 

Gorumahisani, Daitari are rich in iron 

ore deposits. The BIF occurs in the form 

of iron minerals and silica bands. The 

iron-rich bands mainly comprise 

hematite, martite, magnetite, specularite 

and goethite, where as silica-rich bands 

consist of quartz or jasper (Chakraborty 

and Majumdar, 1986 and 2002). The 

other rock types of the area include shale 

(with / without Mn-ores), phyllite, tuff, 

dolomite, mafic lavas. Manganese 

deposits comprise secondary 

manganese minerals such as 

cryptomelane, pyrolusite, lithiophorite 

and manganite (Mohapatra et al., 2002). 

The dolomites of the area are associated 

with shales. 

3.MATERIALS AND 

METHODS 

For soil samples, 1kg representative 

samples were taken in clean 

polyethylene bags. With proper 

numbering the sample packets were 

sealed. The samples were taken from 

different areas both near and away from 
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mining sites. The samples were 

collected during  2012-2014. 

 

For determining bulk density  about 

100g of soil sample (<200mesh) was 

dried in an oven at 105oC until a 

constant weight is attained. The sample 

was transferred to a measuring cylinder 

and its volume was recorded. The 

weight of the sample was then 

determined. The bulk density was 

calculated from weight of the soil and 

volume of the soil. Specific gravity was 

determined by a specific gravity bottle. 

Porosity of soil is the fraction of soil space 

not occupied by soil particles. It is 

calculated from the values of bulk density 

and specific gravity. 

 Organic carbon of soil was found 

out by oxidizing the samples in K2Cr2O7 

solution in acidic medium. Then the 

sample was filtered and the solution was 

titrated against standard ferrous 

ammonium sulphate with 

diphenylamine indicator to a brilliant 

green end point. Organic matter was 

calculated from organic carbon. For 

determination of soil moisture a

 known weight of a sample of 

moist soil is dried in an oven at a 

temperature of 100o to 110oC and 

weighed again. The moisture lost by 

heating represents the soil moisture 

content of the sample. 

 

 

For soil texture soil samples were air-

dried at room temperature. A known 

amount of representative sample was 

mixed in sodium hexametaphosphate 

solution (0.25N) and kept overnight 

with intermittent stirring in order to 

disaggregate the flocculated clay 

particles. Soluble salts were removed by 

washing with distilled water. The finer 

fraction (<0.063mm) was separated by 

wet sieving using standard sieves. The 

materials coarser then 0.063mm 

(63µm), which retained on the sieve was 

dried in an air oven at 100oC, cooled and 

weighed. This corresponds to the weight 

fraction of the soil. The suspension thus 

separated out was allowed to stand for a 

few hours, decanted and dried at 100oC. 

The weight of the fraction size below 63 

microns thus obtained represents the 

percentage of silt and clay present in the 

sample. The size analysis below 63-

micron particles was carried out by 

using a Malvern Particle Size Analyser 

(Model 3600). The size data was then 
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plotted in a standard triangular diagram, 

which gives the soil texture of the area. 

 

 Statistical parameters of size 

data was obtained by plotting the size 

data in a probability graph paper and 

converting the size data in mm into  

scale. The cation-exchange capacity 

(CEC) was determined by measuring 

the milliequivalents of sodium 

adsorbed per 100g of soil upon 

treating a sample with an excess of 

normal sodium acetate solution of pH 

8.2. 

4.RESULTS AND 

DISCUSSION 

 

4.1.Soil texture and structure 

Soil texture play an important role in the 

moisture content of soil over which 

growth of vegetation depends. In mine 

spoil dumps generally oversize (>2mm) 

materials are present (60-68%). Thus, 

mine spoil dumps are dominated by 

gravels and sand fraction whereas 

natural soils are dominated by silt and 

clay. Soil contamination due to washout 

materials from overburden dumps alters 

the natural proportion of sand, silt and 

clay by which the moisture content is 

highly reduced and this affects the 

growth of vegetation. 

  

 

The soil textures found in Bolani and 

Barbil area are silt-loam, loam, sandy-

clay-loam, sandy-loam, loamy-sand and 

silt-clay-loam. The textures of different 

locations are shown in Fig.3 . A large 

number of samples (9 numbers) fall in 

the silt-loam field of triangular diagram 

indicating the silt-loam texture is the 

major texture of the study area. 

 The silt percentage of soils of 

Bolani varies from 14.7 to 67.5%. The 

sand percentage of soils varies from 7.2 

to 74.9%. Clay percentage of soils 

varies from 3.6 to 27.6%. In soils of 

Barbil area sand percentage varies from 

8.9 to 72.8%, silt percentage varies from 

15.6 to 62.8% and clay percentage 

varies from 11.6 to 31.6%. The details 

of size analysis are given in Table-

5.1.A. 

There is not much variation in the 

textures of both Bolani and Barbil area. 

Samples near to mine area are 

dominated by sand and silt fractions 

compared to samples away from mine 

area. This may be due to overburden 



International Journal of Science and Engineering Applications 

Volume 6 Issue 08, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  205 
 

mixing of mine wastes with soils of the 

area. 

 Soil structure refers to 

organization and clumping of soil 

particles. For growth of plants good 

development of soil structure or soil 

aggregates are necessary. It has been 

observed that the soils near to mine area 

do not show significant development of 

soil structure and are usually loose 

mixture of sand, silt and clay dominated 

by sand and silt fractions. 

Study of size distribution and their 

interpretation is done following the 

interpretation table of Prothero and 

Schwab (1996). 

21 samples of both Bolani and Barbil 

from different locations are subjected to 

size analysis through standard sieves 

and particle analyzer, and the size data 

are plotted in a probability paper after 

converting the size data in millimeter to 

Ø values. Majority of samples of study 

area are very poorly sorted, show 

negative skewness and platykurtic. 

4.2.Bulk Density, Particle Density and 

Porosity 

The bulk density is an important 

parameter for determining the fertility 

status of soils. It has been reported that 

plant roots were unable to penetrate a 

loamy soil when the bulk density 

exceeds the value of 1.8 g/cm3 and 

drainage difficulties can be anticipated 

if bulk density exceeds 1.7 g/cm3 

(Agriculture Handbook 60, 1960). The 

bulk density of soils of Bolani and 

Barbil area varies from 1.1 to 2.5 g/cm3. 

Particle density depends on the chemical 

composition and crystal structure of the 

mineral particles. The particle density of 

soils of Bolani and Barbil varies from 

2.267 to 4.578 g/cm3. 

Porosity influences the infiltration and 

percolation of water and is useful in 

designing the irrigation and drainage 

management system. The porosity of 

soils of study area varies from 32.1 to 

62.1%. 

4.3.Soil moisture 

Mixing of mine spoils in the 

surrounding soils reduces the moisture 

content of soil. Adequate moisture 

content is a pre-requisite for sustenance 

of vegetation on soils. Minimum 

moisture content 8% is required for 

growth of vegetation on soils. The 

moisture content of Bolani and Barbil area 

are low and their values range from 1.8 to 

13.33%. It is generally observed that 

oversize materials (>2mm) are plenty 
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(60-68%) in overburden dumps. Hence, 

due to predominant gravel fraction 

(>2mm) the moisture retention capacity 

of mine spoils are observed to be grossly 

inadequate. Hence, mixing of mine 

spoils with the surrounding area is likely 

to affect the moisture retention capacity 

of the soils, thereby, hindering growth 

of vegetation (Maiti et al., 2001). 

Vegetation on soils with insufficient 

moisture contents suffers severe 

moisture stress in dry season. 

4.4.Organic matter 

Organic matter controls the nutrient 

availability to plants. The organic matter 

content of soils of Bolani and Barbil are 

low and varies from 0.03% to 2.86%. 

The low organic matter content is also 

reflected in their characteristic reddish 

yellow colour. 

4.5.Cation Exchange Capacity (CEC) 

The cation exchange capacity (CEC) is 

a measure of the number of ions that can 

be adsorbed in an exchangeable fashion 

on the negative charge sites of the soil. 

The amount of clay in relation to amount 

of sand and silt influences the CEC of 

the soil. In general, higher the clay 

content higher the CEC and lower the 

mobility of these elements. The CEC of 

soils of Bolani and Barbil varies from 

2.6 meq/100g to 7.8 meq/100g. Hence, 

the CEC values are low indicating that 

the soils are rich in kaolinites and may 

be contaminated by mine wastes. 

5.CONCLUSION 

Analysis of soil samples for size, 

texture, bulk density, particle density, 

porosity,  soil moisture, organic matter, 

cation exchange capacity revealed the 

alteration of properties of surface soils 

due to mixing of  over burden materials 

from mine dumps and mineral 

processing industries into the soil aided 

by fluvial geomorphic processes during 

monsoon. Hence, appropriate remedial 

steps may be taken to prevent 

contamination of the soils from mining 

and industrial activities in the region. 
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Fig.2.Graph of Cumulative % for Soil 
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Fig.3.Clay,Silt,Sand % Diagram 
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Table.1.Soil Analysis of Study Area in Bolani and Barbil 

Sl. No. Location Organic CEC Sand Silt Clay Texture

matter (%) meq/100g (%) (%) (%)

BOLANI

1 Foot hill of D-area 2.13 7.8 7.2 79.2 13.6 Silt loam

2 Balgoda Village 1.47 5.7 31.1 52.2 16.7 Silt loam

3 Between Bolani and Patcheri Village 2.11 5.4 46.4 40 13.6 Loam

4 Front of Panposh quarry 0.03 6.4 14.6 62.6 22.8 Silt loam

5 Near Bolani basti 2.86 8.5 39.2 50.1 10.7 Silt loam

6 Patcheri Village 2.34 7.5 49.5 22.9 27.6 Sandy clay loam

7 Near mine campus 1.11 4.8 74.9 20.2 4.9 Sandy loam

8 Tatiba Village 1.82 6.3 22.6 64 13.4 Silt loam

9 Near F-Area 0.44 3.8 80.9 15.5 3.6 Loamy sand

10 Near F-Area 0.38 2.6 73.9 14.7 11.4 Sandy loam

11 Railway over bridge 2.2 6.7 8.8 67.5 23.7 Silt loam

12 F-Area 0.54 5.8 41.8 49.8 8.4 Loam

13 Near Intake pump house 1.87 5.6 38.3 48 13.7 Loam

BARBIL

14 Near Barpada quarry 0.66 6.3 26.6 48.6 24.8 Silt loam

15 Near Barpada quarry 0.78 6.6 23.3 45.1 31.6 Clay loam

16 Near Kashia school 2.12 7.2 18.7 59.7 21.6 Silt loam

17 Near Fagua Mn dump 0.86 5.4 44 41.8 14.2 Loam

18 Near Bhadrasahi 2.43 7.4 8.9 62.8 28.3 Silt clay loam

19 Near Sading Village 1.77 6.3 72.8 15.6 11.6 Sandy loam

20 Near  Kalinga tail water pond 0.64 6.8 36 39.4 24.6 Loam

21 Near Champuasahi 0.44 5.6 32.8 51.9 15.3 Silt loam
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Abstract: Hospital management teams receive voluminous data from variety of sources; these teams are unable to extract these data 

into the essential information for strategic decisions. It is as a result of this that this study is using a framework called the Balanced 

Scorecard (BSC), the development of an iterative prototyping system, user survey and focus group methods based on BSC to improve 

the use of information systems for Hospital management at Suntreso Government hospital. The study described in this paper has 

analyzed performance management tools like the Baldrige, the lean and balanced scorecard. The main focus is on the balanced 

scorecard management tool as a result of the numerous advantages it has over the others. The study used Balanced Scorecard (BSC) as 

part of a management control system for implementing strategies in Suntreso Government Hospital. A case study was conducted using 

the maternity and children’s ward unit to measure innovations. Data was collected from DHMIS at the hospital before and after the end 

of the study, the information prototyping software developed, displays graphical relationships between key indicators like the length of 

stay, the average waiting time which shows progress in the PSUs. The results of the study is that SGH has adopted the concept, PSUs 

now formulate their plans using BSC, focus groups are satisfied with ease of access and the format of the information prototyping 

system. The study identified problems for the two patients units, then solutions were proposed to the management unit. That is using 

the balanced scorecard framework, a proposed information prototype system to check the average length of stay, the average waiting 

time, complication rate among others was provided. 

 

Keywords: Balanced Scorecard, Hospital, information, Suntreso, Patience, Critical Success factors   

 

1.1 INTRODUCTION 

The Balanced Scorecard (BSC) is a concept that has been 

widely accepted in organizations around the world. The 

environment of commercial restraint has forced healthcare 

organizations to consider all possible means for delivering 

services more effectively and efficiently. One such means has 

been the reorganization of hospitals along program 

management lines (Kaplan & Norton, 1992). 

According to the medical superintendent of the Suntreso 

Government hospital (SGH), the hospital now faces 

substantial annual funding reductions with an expectation of 

declines and potential restructuring of the entire healthcare 

delivery system by the government. Hospital resources and 

personnel are organized around patients rather than around a 

multitude of specialized departments. Unit managers assume 

greater strategic decentralized responsibility for their business 

units. 

Patient service units (PSUs) manage and coordinate the 

activities of several professionals and multi skilled staff all 

acting in performance to achieve the goals of their work unit. 

In general these unit leaders have far greater strategic, 

managerial responsibilities than they had under traditional 

centralized structures. This research will use the balanced 

scorecard framework to improve the use of information 

systems as a management strategy, modeled as a set of tasks 

for strategy formulation and implementation.  

1.2 PROBLEM STATEMENT 

At Suntreso Government Hospital, Average waiting time of 

patients is too long; this can lead to serious complications at 

the hospital and reduce productivity. It is against this 

background that the present study is looking at how to:  

Transform unrelated cooperate data into information, and be 

able to communicate to other units 

Front line staffs are called upon to take decisions that used to 

be the sole prerogative of upper management. In order to do 

this, they need ready access to information that can help them 

make decisions and provide information that is accurate and 

relevant to their tasks that traditional financial measures do 

not meet. 

• The hospital Management needs information to deal with 

these challenges. The changing business environment has also 

brought about dissatisfaction with using solely traditional 

financial measures for performance measurement (Ittner et al., 

1998). Traditional financial measures of performance are most 

useful in areas of relative certainty and low complexity, a 

condition that is typical for many of today’s organizations 

(Malina & Selto, 2001). Models such as the “integrated 

performance measurement system” (Nanni et al., 1992), and 

performance prism (Neely et al., 2002) have been developed 

in response to the call for a more broad-based performance 

measurement system but less its reflection in information 

systems as a tool for providing managers with information 

like the average waiting time, length of stay and complication 

rate of patients in PSUs. This research work will focus on the 

Balanced Scorecard by (Kaplan and Norton, 2013) as a tool 

for providing managers with the right information. 

1.3 PURPOSE OF THE STUDY 

The study seeks to have a critical look at problems outlined in 

section 1.2 and to offer ways of improving information 

systems on Suntreso Government Hospital management 

systems. According to the business dictionary, Information 

System is the combination of hardware, software 

trained personnel and infrastructural organized to facilitate 
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planning, control, decision making and coordination in 

an organization. It is also an integrated set of components for 

collecting, processing and storing data for 

delivering information, knowledge, and digital products. But 

Suntreso Government Hospital is one establishment lacking 

these systems. Rockart (1986) has outlined four 

methodologies that are used to determine management 

information needs.  

The research is focusing on another methodology called the 

BALANCED SCORECARD to help improve information 

system on hospital management at Suntreso Government 

Hospital. The first four methods supply an abundance of data, 

but do not provide a methodology for relating strategy to 

information. Managers are able to focus on the strategic vision 

and identify the handful of most critical indicators when a few 

measures are allowed in each perspective. The Balanced 

Scorecard provides vision into dynamically complex 

situations and allows managers to assess whether 

improvements in one area may have been achieved at the 

expense of another by graphically displaying information 

trends in time from four different perspectives. The objective 

of this study is to: 

• Investigate a methodology based on the Balanced 

Scorecard, which helps hospital managers to define 
and make use of important information. 

• Develop an information prototype system that 

makes information accessible and provides a 

context for decision making 

• Investigate the impacts of the information prototype 

system on access to information at the Patients 
service unit. 

These balanced set of measures reveals both the balances that 

managers have already made among performance measures 

and encourages them to achieve their goals in the future 

without compromising key success factors. Using Information 

Technology for delivering information to managers has 

advanced tremendously in recent times. The decision support 

system label covers a wide variety of information systems. 

Some are based on individual decision processes. Some 

provide analytical models that replace decision making and 

others also aim to support simple managerial tasks such as 

convenient data retrieval or selection of a single variable. 

These systems are often applied to the delivery of data.  

2.1 RELATED WORK 

This chapter reviews available literature related to the study. 

This will serve as useful guidelines to the current study. 

Balanced Scorecard (BSC) by Kaplan and Norton in 1992 has 

become very popular among academicians and practitioners. 

According to Chan & Ho (2000), Hoque & James (2000), 

Ittner & Larcker (2003), several organizations in private and 

public sectors have embraced the concept and implemented it 

in an attempt to improve performance. 

The term balanced scorecard is subject to different 

interpretations. For instance, CMA Canada (1999) published a 

document saying, “if a performance measurement system 

includes financial and non-financial measures then it is a 

balanced scorecard” whereas Kaplan &Norton claim balanced 

Scorecard (BSC) is much more than just a collection of 

performance measures. 

Chan & Ho, (2000) also stated in their limitations section that 

“The respondents may have mistaken their organization’s 

performance measurement system to that of a true BSC,” It is 

also possible that a company’s performance measurement 

system has all of the attributes of a balanced scorecard but 

they do not consider it to be one.  

Hoque & James, (2000) determined the use of a Balanced 

Scorecard (BSC) using a 20-item scale. They noted that their 

BSC measure might not pick up the strategic linkages of a real 

SC. As a result of that, companies in their study possibly had 

varying levels of BSC implementation which affected their 

results, especially considering the fact that BSC usage was the 

dependent variable in their regression model. According to 

(Chan et al., 2003), there are numerous studies on the 

balanced scorecard but only one study attempted to develop a 

conceptual model of the scorecard and used it to examine the 

extent of its adoption. Other performance management tool 

apart from the balanced scorecard includes Baldrige 

Excellence framework and the Lean. 

According to M. Eastward 2012, Baldrige empowers an 

organization to reach its goals, improve results, and become 

more competitive. It helps to manage all the components of an 

organization as a unified whole, so that plans, processes, 

measures, and actions are consistent. The system's building 

blocks are the Criteria for Performance Excellence, the core 

values and concepts, and the scoring guidelines. The purpose 

of the Baldrige framework is to help an organization to 

improve and achieve excellence. The questions in the Criteria 

help you explore how you are accomplishing your 

organization's mission and key objectives in seven critical 
areas: 

1. Leadership 

2. Strategy 

3. Customers 

4. Measurement, analysis, and knowledge 

management 

5. Workforce 

6. Operations 
7. Results 

Beside all these great criteria’s in the managerial processes, 

the Baldrige Framework do not prescribe how healthcare 

organizations should structure its operations. The lean is 

another performance management tool which is used to help 

in structuring business aims and objectives. Lean is systematic 

approach to identifying and eliminating waste through 

continuous improvement by flowing the product at the 

demand of the customer in the pursuit of perfection. 

According to C. M and, the lean has five (5) principles. 

 Identify value from the standpoint of the customer.  

 Identify the value stream through the steps required 

to create each product /service ‐  from concept to 

launch and order to delivery ‐  and remove the 

wasted steps. 

 Make the process of value creation flow smoothly 

and quickly to the customer  

 Demand (pull) comes from the customer.  

 Pursue perfection by constantly improving the 

product or service and the value stream 

But despite all the success of these principles, Lean is more of 

a culture than a method, and there is no standard lean 
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production model. Lean lacks strategic focus and human 

factors. One overreaching problem is that many healthcare 

organizations adopting lean focus on tactics rather than on 

strategy. In doing so they lose sight of the big picture. The 

result is that the healthcare flounders, (Jonathan Davies, 2015) 

“disadvantages of the lean manufacturing”. 

The relationship between these managerial tools is that: 

1. Each performance management tool provides 

healthcare leaders with a tool to translate 

organizations mission and vision together with 

strategies. 

2. They communicate strategy directions of the 

organizations to the staff 

3. These tools are designed to help leaders to create 

and sustain organizations culture of continuous 

improvement and performance execution  

However, upon considering at all these studies together with 

their drawbacks, and attempts to use the balanced scorecard 

theoretically, it is only (Kaplan & Norton, 2013) again, who 

used this same framework (balanced Scorecard) at Germany 

but was just a strategic management tool. This suggests the 

need for more research to help improve the use of information 

system for hospital management but this time as a managerial 

process. That is what led to this study with the topic 

“Improving the Use of Information Systems for Hospital 

Management Using a Balanced Scorecard Framework “  

This study also considered: 

i. The edge towards the patient focused hospital and 

program management 

ii. Management roles 

iii. Strategic management 

iv. Providing managers with the right information 

a. Critical Success Factors 

b. The Balanced Scorecard 

 

2.2 THE EDGE TOWARDS THE PATIENT AND 

PROGRAM MANAGEMENT 

Galbraith (1973), has conceptualized organizations as 

information processing systems. His model considers the 

transmission of information as the central function of 

organizational structure. The volume of information needed to 

perform task is a function of inputs and outputs means. When 

making decisions, the following must be considered: 

a. The input resources 

b. Diversity of output resources 

c. Level of difficulties 

d. The tasks 

e. The greater the number of factors  

f. Interactions must be considered simultaneously  

 The above decisions signify the greater information required. 

Program structures decrease the diversity of the outputs by 

grouping like patients together.  

The organizational design captures interconnections within 

the boundaries of a single work group (Chams & Smith, 1993) 

and decreases the amount of coordination that is required 

between different work units and the degree to which tasks 

performed by different work units are interdependent.  

2.3 CRITICAL SUCCESS FACTORS 

Critical Success Factors (CSFs) were introduced as a 

methodology for helping managers to determine precisely 

what information they need (Rockart, 1986). CSFs are defined 

as the limited number of areas in which satisfactory results 

will ensure successful competitive performance for the 

individual, department or organization. The technique helps 

managers make explicit and focus their limited attention on 

the few truly important areas in which favorable results are 

absolutely necessary. Critical success factors are not limited 

to accounting information and they are tailored to the 

particular management need. 

 

The methodology of developing CSFs is to understand 

industry CSFs, economic and political environmental factors 

and the temporal circumstances. These provide input into the 

corporate CSFs for the organization. In turn, corporate CSFs 

become inputs into a similar CSF determination process for 

each subsystem of the organization. This top down influence 

pattern can be continued down through the organizational 

hierarchy to the individual manager level (Rockart, 1986). 

The CSF approach does not attempt to deal with strategic 

planning. It centers on information needs for management 

control where the data needed to monitor and improve 

existing areas can be more readily defined. The CSF method 

results in some useful sets of reports to monitor ongoing 

operations at the executive level. The method can also be used 

to prioritize the development of information systems, based 

on the gaps identified during the CSF development process. 

 

But Rockart again failed to solve the problem which it was 

designed since there was no focus on the interaction between 

the factors. The study aims to use another performance 

management tool called the balanced scorecard to help PSUs 

to achieve their objectives. 

 

2.4 THE BALANCED SCORECARD 

The Balanced Scorecard is a framework for translating 

strategic objectives into a limited, coherent set of performance 

measures (Kaplan & Norton, 1992; Kaplan & Norton, 1993; 

Kaplan & Norton, 1996).  

The scorecard presents managers with four different 

perspectives. 

a.  Customer satisfaction 

b. financial measures; 

c. internal process metrics and; 

d. Organizational innovation and improvement 

measures. 

The Figure below gives a vivid description of the balanced 

scorecard framework. 
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Fig 1: The four perspectives of the Balanced Scorecard.  

Source Kaplan & Norton 1996, 1992-2013. 

 

2.4.1 Vivid Description of the Balanced Scorecard 

Framework. 

Balanced Scorecard methodology can be drawn to the 

interconnected managerial roles described in Figure 1. The 

technique helps the conceiving role by helping managers 

sharpen their structure; it also helps the communicating role 

by a shared understanding of the structure. The methodology 

identifies the central elements of the scheduling role; it helps 

managers in their linking role by providing a model to 

communicate with; the measures form the major part of the 

controlling system; developing a BSC is part of the manager's 

doing role. Selecting and agreeing on measures in each 

quadrant forces a management team to define what is 

strategically important to its organization. Limiting the 

number of allowable measures in each perspective obliges 

managers to focus their strategic vision and identify the 

handful of most critical indicators. 

 

By graphically displaying information trends in time from 

four different perspectives, the balanced scorecard provides 

insight into dynamically complex situations and allows 

managers to assess whether improvements in one area may 

have been achieved at the expense of another. This balanced 

set of measures both reveals the tradeoffs that managers have 

already made among performance measures and encourages 

them to achieve their goals in the future without 

compromising key success factors. Understanding trends and 

the interrelationships between variables is particularly 

important when an action has one set of consequences locally 

and a very different set of consequences in another part of the 

system or when obvious interventions produce non obvious 

outcomes (Senge, 1990). In this way, the Balanced Scorecard 

helps managers develop their mental models. The healthcare 

industry has started to adopt a similar concept referred to as 

an instrument panel (Nelson et al., 1995), (Nugent et al., 

1994). Another variation in healthcare is the report card - a 

comparative reporting system that allows healthcare 

purchasers and consumers to rank institutions. (Corrigan & 

Nielson, 1993). 

The Balanced Scorecard has also been suggested as a 

framework for evaluating the performance of an integrated 

health delivery system (Leggat & Leati, 1997). Balanced 

Scorecards have been tried in a number of different healthcare 

settings - a community hospital (Nelson & Krywonis, 1997) 

and a regional healthcare system (Nelson 1997). No evidence 

has been presented in the literature evaluating these projects. 

 

3.1 THE PROPOSED SYSTEM 

Suntreso Government Hospital was built and commissioned 

as Suntreso Urban Health Centre on the 22nd November, 

1963 by Mr. L R Abavana commissioner for Health. Later 

Maternity unit was added in 1973 and in 1985 it migrated to 

Polytechnic status and also in 2000 it got to District Hospital 

Status. The hospital has no affiliation and has 352 employees, 

with 130 Nurses and 15 Doctors. The hospital has over 2575 

admissions annually. 

3.2 METHODOLOGY DEVELOPMENT- THE 

BALANCED SCORECARD SYSTEM 
It has been the first objective of this work to investigate a 

methodology, based on the Balanced Scorecard, which helps 

hospital managers define and use important management 

information. The methodology for this study is using an 

iterative prototyping system, user survey and focus group. The 

methodology is graphically shown below: 

 

 

Fig 2: The Balanced Scorecard Development Methodology 

(Daniel B. Gordon 1998) 

Below are the steps used in the development of the 

methodology of the study based on BSC. 

3.3  FIRST STEP: SELECT THE PATIENTS SERVICE 

UNIT 

Programs and patients Service were in their determinative 

stages at the start of the Balanced Scorecard Project. Program 

management had just been instituted in Suntreso Government 

Hospital.  Measures for selecting the first PSU site were: 

1. The researcher together with an effective 

management team (In-Charges) with power to make 

PSU comprehensive decisions. 

2. An obligation  of Data Driven Management  

decision  making 

3. A harmony, participative style of management  

4. The willing to use an enabling technology for 

management purposes 

5. Senior corporate and IS leadership approval 

The table below demonstrates the composition of the various 

PSUs at the research setting and it shows the various team 

leaders of the unit. 

Team composition of the balanced Scorecard 

Table 1: The team composition of the Balanced Scorecard 

study. 

Maternity Children unit Females 

ward 

Male ward  

(lying in) 

The In-Charge 

Midwives 

Staff nurses 

Clinical 

educators 

Medical 

doctor 

In-Charge  

Staff nurses  

Medical 

doctor 

In-Charge 

Staff nurses 

 

Medical doctors 

In-Charge   

Staff nurses 

The study considered Maternity ward and the children ward 

units for the development of the Balanced Scorecard. The 

study selected the Maternity PSU as the first site for 

developing the Balanced Scorecard since this unit at Suntreso 

Government Hospital meets the criteria described for the 
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study. The Maternity unit treats both surgical and medical 

patience. This unit takes care of patients at Labor, Lying In, 

Surgical, Scan, Antenatal and Postnatal care. This unit has a 

very large outpatient diagnostic practice too. All medicines 

given at the Maternity Unit are quantitative. The various 

Patience Service Units have many data sources. The In-

charges (managers) are very comfortable with the idea of 

management with information. 

3.4 INITIATE THE PROJECT IN THE PATIENTS 

SERVICE UNIT (PSU) 

The following steps were considered in initiating the PSU 

(Patients Service Unit) project 

1. The researcher together with the  selected PSU 

leaders meeting and setting up the Balanced 

Scorecard development Team 

2. Sensitizing the management team to the Balanced  

Scorecard Framework and its concepts 

3. Ascertaining approval to continue. 

 

3.4.1 SETTING UP THE BALANCED SCORECARD 

DEVELOPMENT TEAM 
Getting the approval of the heads of the Patient Service Unit 

was a critical step. If the Principal Superintendent had not 

agreed to support the project, this research would not have 

received resources or support from within the Patient Service 

Units. In all cases the Medical Superintendent and In-charges 

found the framework very comfortable together with the 

project proceedings.  

Getting the Balanced Scorecard development team was not 

easy. The Maternity PSU had two management teams:  

a. A Design team which dealt with PSU management 

concepts and 

b. An Operations team which managed the ongoing 

operations of the PSU.  

The researcher chose to define the Maternity PSU Balanced 

Scorecard with the Design team. In perception, this approach 

was flawed. It meant that the developers of the Balanced 

Scorecard were not the ultimate end users. The researcher 

therefore did not transfer the Balanced Scorecard system to 

the Operations team effectively. 

The Children ward PSU had only one management team (In-

Charge) with a number of subcommittees and task groups. 

The In-Charge decided that all its members should be 

involved in developing the indicator. Specific detail tasks, 

such as the detailed data definitions could be done at the 

subcommittee or task group level. 

 

3.5 INTRODUCTING THE BALANCED SCORECARD 

FRAMEWORK AND ITS CONCEPTS 
 

This step was aimed for the researcher to learn about the PSU 

and its management team (In-Charges) dynamics. Each PSU 

is basically different. For example, the Maternity PSU is a 

high profile unit in the organization, whose success is 

measured by the volume of cases that go through it. Many 

procedures and lengths of patient stay are predictable. 

Conversely, the Children ward PSU cares for patients until 

they are discharged. Length of stay and lots of cases has no 

meaning in this context. 

 

The researcher found information about the PSU in her 

strategic plans; other documents; one on one meetings with 

team members; attending various team meetings; and by 

investigating PSU databases, reports and other data sources. A 

persistent theme throughout this project was to “determine 

whether currently supplied corporate data sources met the 

PSU needs”. It soon became clear that each PSU was, in fact, 

a “unit ward”' with varying goals, and strategies. This 

translated into different measures and information 

requirements.  

 

The mutual data which were standardized for all PSUs did not 

meet the researcher’s requirements. A byproduct of this step 

was that the information seeker (researcher) became 

integrated into the PSU management team and gained their 

trust. 

 

3.6 ASCERTAINING APPROVAL TO CONTINUE 

 

The last step in project initiation was for the researcher to 

make a formal presentation the PSU management team (In-

charges). The staging brought together a summary of findings, 

a list of potential data sources, some thoughts on potential 

indicators and a review of PSU objectives. 

At the end of the presentation, approval was given to develop 

the first Balanced Scorecard. 

 

3.6.1 DEVELOPMENT OF A VERSION OF THE 

BALANCEDSCORECARD 
 

The researcher then developed a first version of the balanced 

scorecard. The objective of this step was to try and describe 

the strategically important goals using a limited number of 

measures. The important complexities to avoid at this stage of 

the project were: 

1. The inclination to define each indicator in detail and 

2. The tendency of teams and the researcher to limit 

the definition of needs based on current information 

sources only. 

Depending on the researcher makeup, a number of dynamic 

issues arose together with the In-charges. 

 Core challenge between the researcher and the team 

members or disciplines surfaced based on the 

indicator descriptions.  

 The In-Charges who were not comfortable with 

management by measurement objected to the use of 

indicators, they taught they were misleading of 

actual goals.  

 In-charges in some PSUs feared that the indicators 

would be misinterpreted and used against them and 

were unwilling to discuss indicators openly or to 

disclose data. It was necessary to discuss team 

mechanisms for interpreting and using the data on 

an ongoing basis. This was a confidence building 

exercise for the researcher and the team members. 

 

Diverse management teams used various processes and 

degrees of procedure to get agreement on the indicators for 

their prospective scorecards. Because the intention was to 

develop the prototype system iteratively over time it did not 

require the management teams to commit to a final Balanced 

Scorecard at this point.  Table 2 shows a sample Balanced 

Scorecard for the Maternity ward patient service unit. 
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Maternity Ward PSU Balanced Scorecard 

Table 2:  The Maternity Ward PSU Balanced Scorecard 

CUSTOMER 

The satisfaction of the 

patients in the MW 

Their Average Waiting Time, 

Annulment 

INTERNAL 

The average length of stay, 

Turnaround time 

Complication Rate, Time to 

treatment  

INNOVATIONS 

The various patients in the 

clinical studies 

The procedure in the day of 

admission 

Patient focused care 

objectives 

FINANCIAL 

The average cost per case  

Productivity  

Profit per case  

 

3.7 DEVELOP PROTOTYPE USING AN ITERATING 

PROTOTYPING BASED ONTHE SPIRAL 

DEVELOPMENTALCYCLE 

 

The spiral developmental cycle is a risk-driven process model 

generator for software projects. With the unique risk patterns 

of a given project, the spiral model guides a team to adopt 

elements of one or more process models; an example is in 

waterfall, incremental or evolutionary prototyping.  

 

According to Watson et al., 1991, an Iterative prototyping is 

commonly used to develop decision support applications.  

Each prototype was developed based on an evolutionary 

prototyping spiral development cycle (Boehm, 1988). These 

prototypes loop through a spiral development moves through 

four (4) phases, these include: 

1. Planning the prototype 

2. Evaluating alternatives 

3. Developing best solution with sample framework 

4. Getting customer feedback. 

 

Based on each iterations of the spiral model increasingly, 

more complete versions of the system are built. 

 

3.7.1 PHASE 1:  PLANNING THE PROTOTYPE 
 

Planning involves determining objectives, alternatives and 

constraints. Initially this consists of requirements gathering 

and project planning. It was important for the researcher to 

understand underlying group issues around data. When the 

group (in-charges) proposed an indicator, it forced the 

researcher to agree on a strategic direction and PSU priorities. 

The process revealed underlying assumptions on the relative 

importance of different staff friction, programs and 

oppositions.  

 

In a few cases, a Balanced Scorecard indicator became the 

focal point for discussions about the importance of one 

discipline versus another in the new program structure. The 

cost conscious environment combined with the move to multi 

skilled staff made all disciplines insecure about their futures. 

Any attempts to define an indicator that implicitly recognized 

one discipline as being more important than any other was 

met with resistance.  

 

Conversely, defining a discipline specific indicator was read 

as a control because of poor performance. Managing the 

various In-charges dynamics with sensitivity during this 

exercise was a key analyst function. The outcome of this step 

was a detailed set of indicators that could potentially be 

developed at this point. 

 

3.7.2 PHASE 2:   EVALUATING ALTERNATIVES 

 

The second Phase analyzed on alternative development 

possibilities and allowed the researcher together with the team 

to balance the possible value of an indicator with the 

development difficulties of that indicator. This analysis 

included technical or data acquisition feasibility, data 

definition difficulty, economic factors and data sensitivity 

issues.  

 

It was significant during this stage to determine approximately 

where the data would come from and how much effort it 

would take to implement the indicator. For example choosing 

an indicator that required a great deal of extra data entry work 

for staff with little information value was more dangerous 

than choosing in indicator that required little staff work, but 

had high value. Indicators that used well defined corporate 

data sources and established data definitions were lower risk 

than local data stores. The outcome of the assessment was a 

scope statement that identified what would be engineered in 

this prototype.  Appendix 1 shows example statements for two 

Patient Service Units. 

 

3.7.3 PHASE 3: DEVELOPING BEST SOLUTION 

WITH ITS SAMPLE FRAMEWORK 
This phase consisted not only of developing definitions and 

data sources for each indicator, but also of developing 

software to extract and display each indicator. It was very 

important to clearly articulate operational definitions of 

indicators (Deming, 1982). Different ideas about the measures 

often were from differing concepts of the key success factors 

and which were most important. In addition, prototype generic 

software was developed across PSUs. A sample framework is 

depicted in Appendix 3.  Figure 3 shows a sample indicator 

definition, 

 

Indicator Statement: Average LOS for maternity ward  

Definition of terms 

 

ALOS means Average Length of Stay. ALOS is the 

arithmetic 'AVERAGE' length of stay on all patients who 

were discharged during that period (i.e.: Total days stay/ total 

discharges);  

 

Rationale 

Average LOS is an indicator of the efficiency of care. 

 

3.7.3.1 DESCRIPTION OF INDICATOR POPULATION 

 

Numerator - Total days stayed; 

 

Denominator - total discharges 
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SAMPLE INDICATOR 

Display Average length of stay by financial period 

 

 

 
 

 

 

 

 
 

Fig 3: Sample indicator: maternity PSU average length of stay 

3.7.4 PHASE 4:  GETTING CUSTOMER FEEDBACK 

 

The researcher on getting Feedback on the prototype from the 

management team guided the planning for subsequent stages 

of development. Iterative prototyping with frequent, ongoing 

contact with the PSU team and feedback ensured that the final 

system met the strategic needs of the PSU management team. 

Case Study 1 illustrates the indicator development 

methodology. 

 

3.8 SOFTWARE DEVELOPMENT FOR THE 

BALANCED SCORECARD PROJECT 

 

The study defines the information system broadly to include 

data manipulation and display software, indicator data and 

simple data acquisition tools using an information Prototyping 

system. This was because it had been the other objective of 

this study to develop an information prototyping system that 

makes Balanced Scorecard information accessible and which 

provides a context for decision making. 

 

The study limited the scope of functionality to the 

presentation of aggregate data for each   indicator. The scope 

of this research prototype did not include the implementation 

of robust production routines for regular monthly data 

updates. Since there are no designs for Balanced Scorecards 

reported in the literature, a model for implementing the 

Balanced Scorecards in software was developed. Each patient 

population had a variety of indicators associated with it. 

Functionally, users selected an indicator which brought up a 

context sensitive list of user populations to choose from. 

Users then selected an appropriate patient population using 

the interface shown in Figure 4. 

 

User Interface of the Balanced Scorecard 

 

 
 

 

Fig 4: A Prototype User Interface of The Balanced Scorecard 

 

Users viewed the indicator data as a trend comparing current 

and historical data or as a table. The below is a graphical 

representation of data collected for January to December 

2015, January to December 2016, then variations from these 

representation. With the aim of testing to see whether the 

objective of the study has been achieved.  

 

 

Fig 5. Graphical representation of data collected from 

DHMIS from January to December, 2015. 

 

The various indicators could be displayed concurrently, 

facilitating the understanding of data patterns and their 

interrelationships. The researcher chose a microcomputer 

database product as our prototyping environment because it 

was simple to use, flexible and allowed for rapid prototyping. 

A major design principle was to develop generic software that 

could be customized for multiple PSUs.  

 

3.9 PROGRESS IN BALANCED SCORECARD 

PROTOTYPE DEVELOPMENT 

As of July 2015, the project was in its seventh month of 

development. There were two PSU Balanced Scorecards at 

various levels of complexity, and complete as information 

management systems and small departmental databases. The 

indicators requested by the management teams (in-charges), 
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had not been fully implemented as of July 2015. Patient 

satisfaction measures were also included. All Patients Service 

Units wanted to clearly measure patient satisfaction. In later 

part of July 2015, Suntreso Government Hospital began to 

perform a monthly patient satisfaction survey, a thirty-five 

(35) item questionnaire that measures hospital quality as 

judged by the nurses and the In-Charges. As at the later part 

of August 2015, SGH had only completed and received two 

waves of patient satisfaction results. SGH also developed and 

administered a resident and family satisfaction survey.  

 

The PSU management teams felt that four data points was still 

insufficient data to show as a development. In addition, most 

PSU management teams did not feel that monthly data would 

be significant on a Balanced Scorecard that displayed weekly 

data. Some PSUs did implement various types of patient 

satisfaction surveys, non-accurate surveys providing a 

snapshot of data. Several PSUs measured alternatives for 

patient satisfaction, such as waiting times or cancellations. 

Nevertheless, inadequate mechanisms for collecting and 

evaluating ongoing patient satisfaction data were a serious 

insufficiency when trying to understand the balance in 

management objectives. 

 

4.1 EVALUATION OF THE BALANCED SCORECARD 

PROJECT, ANALYSIS AND DISCUSSION 

The Balanced Scorecard project was intended at management 

groups rather than individual managers. The PSU 

management team was the most suitable unit of analysis for 

the Balanced Scorecard project assessment. The center of the 

evaluation was on common teams that unites the test PSU 

management in their adoption of the Balanced Scorecard 

project as well as variations between PSU management 

groups rather than on individual differences within a PSU 

management group. 

The tools comprised:  

1. A user survey   

2. Focus group   

3. Help from in charges  

 

The study combined the results of all three (3) tools to provide 

a detailed view of the Balanced Scorecard concept, 

methodology and software. From this data, she developed a 

generalized theory related to Balanced Scorecard projects. 

 

4.1.1 USER SURVEY 

This survey was intended to establish how satisfied Balanced 

Scorecard users have been with the Balanced Scorecard 

project. The evaluation team comprising of the researcher, the 

In-charges at Reproductive Child Health (RCH unit) all are 

Information Services representatives and PSU representatives 

who assembled the user survey tool.  

 

The survey instrument composed of four parts. The first part 

consists of Socio-Demographic Data. It comprises a set of 

four (4) questions. The second section in part one was also 

designed for the various patience service units. It also 

consisted of seventeen (17) questions. Aside this there was an 

inclusion of The Balanced Score card concept and process 

questions which forms the basis of the project and 

consisted of thirty-five (35) questions 

The five points from Likert scaled answers, measured the 

overall attitudes toward the implementation of the Balanced 

Scorecard implementation as well as the specific factors 

shown in table 3. 

 

Factors for Measuring Satisfaction with The BSC Project. 

 

Table 3: Factors used For Measuring Satisfaction with The 

Balanced Scorecard Project. 

Factor Description No.of 

questions 

1 Effect of the project on manager's 

ability to understand PSU goals 

9 

2 Effects of the project on manager's 

job performance 

11 

3 Support the project has from senior 

leaders 

12 

4 Relationship between the developers 

and the management team 

3 

5 Importance of the project to the 

PSU management team 

12 

 

The second part of the questionnaire includes five reliant 

variables which measure the respondents possibility of using 

the system and their evaluation of its worth (Schultz & Slevin, 

1975). The third part of the instrument measures end user 

satisfaction with the Balanced Scorecard software. This 

instrument was developed by Doll and Torkzadeh, (1988) and 

has well established reliability and validity.  

 

End user satisfaction with the balanced scorecard 

software. 

 

 

Fig 6.  The graph representative of the Factors used for 

measuring end user satisfaction with the balanced scorecard 

software 

 

The fourth part of the survey was developed by the authors. 

These include open ended questions which assess changes 

caused by the Balanced Scorecard system and bring out 

suggestions for improving the system. These questions were 

anticipated to serve two purposes. The first reason was to 

ensure that important items were addressed. The second 

reason was also to elicit for information about impacts and for 

which measures are difficult to develop.  

 

The surveys were unidentified and categorized the respondent 

only as a manager or non-manager. The questionnaire was 

initially administered to a test individual and refined to 

eliminate inconsistent, uncertain or unclear questions. The 
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study was approved by the Suntreso Government Hospital 

Ethics. 

 

4.2 SURVEY PARTICIPANTS 

 

Five (5) potential PSUs could have responded to the user 

survey. Purposeful sampling identified two management 

teams who had been involved in the BSC project for a period 

of months. This group was not a statistically representative 

sample of all PSU managers and therefore did not allow the 

evaluation team to generalize on a statistical basis.  

 

However, the group did include the senior PSU managers as 

well as the most active front-line managers and represented 

the most significant users of the Balanced Scorecard. It thus 

constitutes a purposeful, information rich, adequate sample 

(Aydin, 1995). The researcher distributed 30 surveys to the 

maternity PSU and Children’s ward PSU management groups, 

including a few ex-managers who had been involved in the 

project. Each survey was accompanied by an explanatory 

letter. The researcher explained the study during monthly 

management meetings when the questionnaires were 

distributed. The units used as a study were given three weeks 

to return the survey. 

Twenty two people returned the study. Participants included 

fourteen (14) In-Charges and 16 Nurses at PSU. All 

participants had been exposed to the Scorecard for within the 

period of stay.  

 

4.3 SCORING THE EVALUATION STUDY: 

 

The five point Likert scale was converted to a numerical scale 

as shown in Table 4. 

 

Scale Conversion of likert 

 

Table 4: Scale Conversion of likert 

 
STRONGL

Y AGREE 

DISAGRE

E 

AGRE

E 

UNCERTA

IN 

STRONGL

Y 
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E  

+ 2 -1 +1 0 -2 

 

Scale Conversion  

 

Fig 7: Scale Conversion of likert.  

Note: Each section was scored separately 

 

In section 1, the Likert factor score is computed by adding the 

scores for each questionnaire item which Schuitz and Slevin 

found weighted significantly on that factor. For example 12 

items (questions 1,2,6,10,12,18,22,23,24,35,40,43) contribute 

significantly to Factor I - Effects on performance and so forth. 

Appendix D gives details of each question and the factor on 

which it loads. Each individual respondent then had a Likert 

factor score for each of the seven factors computed in this 

way. In addition, the team calculated a global Likert score for 

each individual by summing across all questions. This total 

score is an overall measure of the respondent's attitude 

towards the Balanced Scorecard project.  

 

Table 3 depicts the mean score on each factor for each group 

along with the minimum and maximum values. The 

percentage of respondents who were positive for a factor 

(factor score >0) has been calculated as well as a 90% 

confidence interval. The self-assurance interval represents the 

minimum percentage of the management team who would 

have answered positively, had the entire management team 

returned their surveys. 

 

 For example: 16 out of 22 respondents returned their  

surveys: In one case 13 out of 16 or 8 1 % were positive; Had 

all respondents returned their surveys, we could say, with 

90% confidence that at least 69% or 15 out of 22 would have 

been positive. 

 

4.4 DISCUSSION 

 

According to Yin (1984), “The primary means for 

generalization of qualitative studies is not by arithmetical 

assumption to some defined population in space or time, but 

through the development of a theory that has an application 

beyond the setting studied.”  The researcher generalized from 

her experience at Suntreso Government Hospital and 

evaluation results and has developed a 

 

a. Model of the Balanced Scorecard impact on the 

management process 

b. Theory of project success factors 

c. Influence of organizational structure on a Balanced 

Scorecard project 

d. Balanced Scorecard in relation to other similar 

healthcare performance management techniques 

including the Serial 'V' methodology and the clinical 

value compass 

e. Reviewed management decision support 

f. Related Balanced Scorecard theory to other 

management concepts such as core skills, 

capabilities, organizational learning, systems 

thinking and core competencies. 

The management group pictures a frame reference by 

deciding 

1.  Purpose and objectives of the system being 

managed. This consists of a large number of ill 

defined, interrelated subsystems. The Balanced 

Scorecard project firstly helps identify these 

subsystems and catalyze discussion about 

objectives, measures and targets. The project helps 

identify the correct 'listening channels', the process 

and outcome indicators that measure whether the 

system is achieving the desired objectives. 

2.  The feedback system integrates feedback from a 

variety of sources, the Balanced Scorecard being 

just one of those.  

3. Analysis of indicator data and trends leads the 

management group to identify gaps between 

expectations and targets and identify opportunities 

for improvement. 
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4. This discussion leads the group to formulate 

decisions and plans for corrective actions 

5. These plans must be implemented either internally 

or external to the unit and these lead to changes in 

the system. 

 

4.5 SUCCESS FACTORS OF A BALANCED 

SCORECARD PROJECT 
 

The successfulness of every Balanced Scorecard project is 

based on a number of factors including: 

1. The development of interrelated objectives and strategies 

objectives. In this context, Suntreso Government Hospital 

organizational structure and decentralized accountability were 

critical success factors of the Balanced Scorecard project as it 

was questioned by the researcher. Program management 

captures work interconnections and complete processes within 

a work unit. Decentralized accountability forces managers at 

less senior levels to think and act strategically. 

 

By comparison, in a traditional functional structure, the 

management team does not have authority over as wide a 

range of resources nor over whole processes. They may also 

not be accountable for thinking strategically. But they will 

still need to measure their performance in each of the four 

perspectives.  

 

The researcher therefore concludes that the Balanced 

Scorecard methodology could be applied in a traditional 

functional structure. However its impact on overall 

organizational success may be limited, depending on the 

management group's strategic accountability and span of 

control. 

2. Recognizing the concept as a value and  readiness among 

senior managers of the units to do such a project and commit 

the essential resources to the development of a Balanced 

Scorecard. Defining the scorecard, the data definitions and 

verifying the indicator data requires significant managerial 

effort. Key decision makers must support the concept of the 

balanced scorecard. In all cases, the PSU In-Charges strongly 

supported the balanced scorecard projects in their PSUs.  

This translated into time at meetings, and support for the time 

intensive data definitions and data gathering activities that 

took place. These local line leaders (Senge, 1990) sanctioned 

significant practical experiments and designed and 

implemented new learning processes. 

3. Current value: Value is measured in terms of the 

relevancy to their changing agenda. Among the means for 

ensuring sustained support is for the project to provide 

incremental value to the management team. This is not a 

critical success factor at the start of the project, but becomes 

much more significant as the project progresses. In this 

regard, the researcher’s inability to provide fresh data was 

reflected in end user dissatisfaction. This also relates to the 

development methodology, in particular the "assess 

alternatives" step. Managerial abilities. Two models are 

important to consider: core skills (Irvin & Michaels, 1989) 

and core capabilities (Stalk,et al., 1992). Core skills are those 

skills that offer a business unit the most leverage in achieving 

their objectives. If core skills are promoted enough in pursuit 

of a particular strategy, the skills themselves, even more than 

the strategies become the basis for continued success. A 

second related model is that of center capabilities. Key 

processes are identified, invested in heavily and viewed as a 

primary object of strategic value. These processes are woven 

together to create a set of organizational capabilities. The 

longer and more complex the string of processes, the more 

difficult it is to transform them into a capability - but the 

greater them value of that capability once built. 

 

In all, the Balanced Scorecard concept, its methodology and 

software is relevant to any management group. A Balanced 

Scorecard project will only be successful if senior managers 

recognize the value of the concept and are ready to do a 

project.  

 

The project must provide ongoing value to the management 

group and must have sufficient development resources applied 

to it. Balanced Scorecard project requires the development of 

some core capabilities for strategy formulations, 

implementations, and continuous quality improvements and 

information deliveries. 

 

5. 1 CONCLUSION AND RECOMMENDATION 

The study concludes that, the program management 

organizational structure requires managers to be much more 

responsible and accountable than they have traditionally been 

in the past. Managers perform many roles which require the 

right information. They have a great strategic involvement in 

the unit. Management information is produced as a byproduct 

of the operational processes.  

 

Technology has advanced faster than the capability for 

understanding and how to apply it well. The study has: 

1. Hypothesized that the Balanced Scorecard 

methodology has now been identified by end users 

as an effective tool for information management at 

SGH. 

2. Helped hospital managers define and make use 

important information.   

3. Developed a prototype information system (attached 

to the study) which has made this information 

accessible and which has provided a context for 

integrated decision making. The information system 

was functionally acceptable, but the indicator data 

was not timely enough or sufficiently detailed; 

There has also being an investigation on the impacts of the 

prototype system on the organization. 

Part one of the hypothesis is correct. The Balanced Scorecard 

methodology has provided an effective tool for healthcare 

business units to formulate their strategic information needs. 

Part two of the hypothesis is also correct, but with 

qualifications. The Balanced Scorecard project has helped the 

management teams: 

a.  Managed strategy implementation by providing 

information to track strategies 

b. Provided accountability mechanism  

c. Used instruments for providing additional work 

associated with their strategies.  

The iterative prototyping development methodology keeps 

managers occupied in the process and then provides them 

with an ongoing value.  

 

Balanced Scorecard project promotes significant 

organizational commitment in the form of time management 

and developmental resources. It requires organizational 

learning about critical processes, skills and capabilities 

required by business units for success. The primary phases of 

the concept are the focusing effects and the systems approach 

to balancing strategically relevant objectives.  

 

Balanced Scorecard generates pervasive positive effects and 

catalyzes the developments of organizational capabilities for 
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strategy formulations, implementations, and process 

improvements and information delivery.  

 

As an outcome of this work, the Principal Superintendent has 

decided to transform the research Balanced Scorecards and 

associated information technologies into production systems 

for the organization. She has also endorsed the preliminary 

design of a corporate Balanced Scorecard. In these ways, the 

Balanced Scorecard concept has proved its value for hospital 

management.  

 

Future directions for this research pertain to the improvement 

of strategic capabilities, specifically, Balanced Scorecard 

development as a strategic management system and the 

development of information delivery systems. 

 

REFERENCES 

Ackoff, R. (1 970). A concept of corporate planning. New 

York: Wiley. Inter science, 1969. 158 p. 

Chan & Ho, (2000). Concept and implementation of 

performance improvement. 

Corrigan, J. & Nielson, D. (1993). Toward the development 

of uniform reporting standards for managed care 

organizations. The Health Plan Employer Data and 

Information Set. Joint Commission Journal on Quality 

Improvement, 19(12), 566-575. 

Deming, (1982) Articulating operational definitions of 

indicators 

Hoques& James, (2000). Linking Balanced Scorecard 

Measures to size Market Factors: Impact on Organizational 

Performance. 

Ittner & larcker, (1998), traditional performance 

measurement 

Jonathan Davies, 2015. Disadvantages of the lean 

manufacturing. 

Kaplan, R.& Norton, D. (1992). The balanced scorecard.  

Measures that drive performance. Harvard    business 

review, (January- February), 71-79 

Kaplan R. & Norton D., (1993). Putting the balanced 

scorecard to work. Harvard Business Review, (September-

October), 134-147. 

Kaplan, R. & Norton, D. (1996). Using the Balanced 

Scorecard as a strategic management system. Harvard 

Business Review, (January-February), 75 - 85. 

Kaplan, R. & Norton, D. (2013). Using the Balanced 

Scorecard as a strategic management system. 

M. Eastward, 2012. About the Baldrige excellence framework 

Nanni et al., 1992. Integrated performance measurement 

system 

Nelson et al., (1995). Report cards or instrument panels: Who 

needs what? Joint Commission Journal on Quality 

Improvement, 21(4), 155-166. 

Neely et al.,(2002). The performance prism and the Balanced 

Scorecard 

Nelson et al, (1996). Improving Health Care, Part 1: The 

Clinical Value Compass.  Joint Commission Journal on 

Quality Improvement, 22(4), 243-258. 

Nelson, E. (1997). Balanced Scorecards. Dartmouth 

Hitchcock Medical Center. Personal communication. 

Nugent et al., (1994). Designing an instrument panel to 

monitor and improve coronary artery bypass grafting. 

JCOM, 1(2), 57-64. 

Rockart, J. (1979). Chief Executives define their own business 

needs. Harvard Business Review (March- April), 81-89. 

Rockart, J. (1986). Critical  Success Factors. In J. Rockart& 

C. Bullen (Eds.), The rise of managerial computing (pp. 

Appendix 1). Homewood,   Ill: Dow Jones Irwin. 

Schultz et al., (1975). Implementation and organizational 

validity. An empirical Investigation. In R. Schultz & D. 

Slevin (Eds.), Implementing operations research in 

Management science. New York: American Elsevier 

Publishing. 

Senge, P.(1990).The fifth Discipline. The art and practice of 

the learning organization. New York: Double Day. 

Stalk et al., (1992). Competing on Capabilities: The new 

rules of corporate strategy.  Harvard Business Review 

(March-April),   57-69. 

Watson et al., (1991). Executive information systems: A 

framework for development and a survey of current practices. 

MIS Quarterly (March), 13-30. 

Yin, R. (1984). Case study research: Design and methods. 

Beverly Hills, CA: Sage. 



International Journal of Science and Engineering Applications 

Volume 6 Issue 08, 2017, ISSN-2319-7560 (Online) 

www.ijsea.com  223 

Image Segmentation Using an Improved Hybrid 

Modelling 

 

Charlotte Ama Mensah 

ICT Tutor 

Bibiani Senior High Tech. Sch. 

Ghana Education Service 

 C. Osei - Bonsu 

Computer Science Department 

Kwame Nkrumah University of 

Science &Tech 

Kumasi, Ghana 

Owusu Nyarko-Boateng 

Innerjoy Digital Systems 

Sunyani, Ghana 
 

 

Abstract: The research was conducted with the main purpose of developing a proposed algorithm; Charlotte Ama Mensah 

Segmentation Algorithm (CAMSEG) that combines K-Means and PSO clustering algorithms under the supervision of the Otsu 

Algorithm, which acts as the intelligent part of the algorithm to find the threshold value of an image and with respect to the threshold 

value, the CAMSEG algorithm selects one of the two algorithms to start the optimization process and will complete the process with 

the other algorithm (that is, either KM/PSO or PSO/KM).The study makes use of the JAVA programming language to implement the 

following five algorithms; K-Means, PSO, hybrid K-Means PSO, hybrid PSO K-Means and CAMSEG. The CAMSEG algorithm is 

suggested because the K-Means algorithm works best with images whose threshold values are less than or equal to 180 and so based 

on this the CAMSEG algorithm chooses to begin the segmentation process with K-Means for all images with threshold value less or 

equal to 180.This is done by using the Otsu’s algorithm to find the threshold value of the image, then based on the threshold value, the 

algorithm chooses which of the two algorithms to begin the segmentation with. After testing all algorithms with sample images, the 

general implication is that, it is possible to allow one hybrid algorithm to automatically decide which of the two algorithms K-Means 

or PSO to start the segmentation process with and end with the other algorithm. It has therefore been concluded that not all images can 

be conveniently segmented with either hybrid KM/PSO or PSO/KM to give effective results since images have different threshold 

values. 

Keywords: Clustering, Segmentation, K-Means, CAMSEG, Algorithm  

 

1. INTRODUCTION 

Vision is indisputably the most important of all the perceptual 

mechanisms that humans possess. The subconscious way that 

humans often look, interpret and eventually act upon what is 

seen, however, belies the intricacy of the visual perception. 

When human beings use the eyes to look at an object, a 

system in their brains try to segment that complex object 

immediately, into a simple object that contains numerous 

areas. This is basically the process of further dividing an 

image into basic parts and extracting the parts of importance, 

which are the areas of the object. When technology was 

introduced, computer vision has progressively developed into 

a bigger part of the society. It has been used in several 

applications such as medical imaging, video surveillance, 

machine vision, traffic control systems, object detection, 

among many other useful applications. Hence, image 

segmentation is one of the basics of computer vision and it 

represents the first step in image analysis and pattern 

recognition. 

1.1 Problem Statement 
A digital image is a discrete two-dimensional function, 

, which has been quantized over its domain and range 

(Gray and Neuhoff, 1998). All image processing operations 

generally aim at a better recognition of objects of interest, that 

is, at finding suitable local features that can be distinguished 

from the objects and from the background. The next step is to 

check each individual pixel to see whether it belongs to an 

object of interest or not. This operation is called segmentation 

and it produces a binary image. A pixel has the value of one, 

if it belongs to the object; otherwise it is zero (Singh and 

Singh, 2010). Segmentation involves partitioning an image 

into pixels which are homogeneous with respect to some 

criterion. Image segmentation is one of the most important 

and classical problems in image analysis. It should partition 

the image into disjoint regions, uniform according to some 

given features like grey level, color or texture. The 

segmentation process can rely on the uniformity of the 

features within the regions or on edge information 

(discontinuities in the feature space). In any case, the result 

should be a balance between the possibly noisy or incomplete 

input data and smoothness of the results best suited for further 

analysis (H. Nguyen et al, 2003).  

Image segmentation is a classic problem in computer vision. It 

is a process that partitions the image pixels into meaningful 

groups so that we can achieve a compact representation of the 

image (Forsyth and Ponce, 2003). 

1.2Objectives of the Study 

The main objective of the research is to develop the 

CAMSEG algorithm that combines the K-Means and PSO 

clustering algorithms under the supervision of the Otsu 

Algorithm. The Otsu Algorithm acting as the intelligent part 

of the algorithm finds the threshold value of an image and 

with respect to the threshold value; the CAMSEG algorithm 

chooses to begin the segmentation process with K-Means for 

all images with threshold value less or equal to 180 or PSO 
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when it is otherwise and will complete the process with the 

other algorithm (that is, either KM/PSO or PSO/KM). 

1.2.1 Specific Objectives 

The specific objectives of the study are outlined below; 

1. To establish the drawbacks of the K-Means 

algorithm and the PSO algorithm. 

2. To examine how the K-Means and the PSO 

algorithms are separately implemented and applied 

to image segmentation. 

3. To study how effective a hybrid algorithm of K-

Means and PSO will be used enhance clustering 

image segmentation. 

4. To study the incorporation of Otsu’s Algorithm into 

a hybridized K-Means and PSO algorithm to make 

clustering segmentation become more effective and 

efficient. 

1.3 Significance of the Study 

The following areas of human endeavor will benefit more 

from this research; 

Medical Imaging: Image segmentation has played a very 

important role in most researches in medical image analysis. 

Having concise segmentations will greatly benefit medical 

personnel as well as patients to provide essential information 

for 3 – dimensional visualization, surgical planning, virtual 

surgery simulation, early disease detection as well as locating 

tumors and other pathologies. 

Object Detection: Image segmentation is useful for object 

detection such as pedestrian detection, face detection (used 

mostly in criminal identification and well as security systems) 

and also the location of objects in satellite images. 

Security Purposes: Image segmentation is used in security 

systems for security purposes which may include fingerprint 

recognition, iris recognition as well as that of face 

recognition. 

The research will also be beneficial to the traffic control 

system operators and also those in video surveillance systems.  

2.1 Main Approaches to Image Segmentation 

Image segmentation has been an important research area and 

numerous segmentation methods have been examined in this 

literature. Being a so well studied area, a number of 

approaches have been proposed. The classification of the 

different techniques into groups has been an inconsistent task. 

There have been several alternative classifications based on 

different authors. Indeed the classification and its underlying 

motivation depend on the author and sometimes the content. 

1. The reports on Image Segmentation Studies 

conducted by the College of Engineering, 

Mathematical and Physical Sciences of the 

University of Exeter in 2001 identified that the 

techniques are divided into histogram, edge, region, 

probabilistic and clustering based methods.  

2. According to Sonka, Hlavac and Boyle (1999), the 

segmentation techniques are also divided into 

histogram, edge and region based techniques.  

3. In this documentation, the classification adopted 

was propounded by Ying Ho and Zheng Lee, 2003. 

The segmentation approaches were classified into 

four, which are; 

 region-based approaches  

 edge-based approaches 

 split and merge approaches  

 Clustering-based methods.  

Brief description of each of these approaches is given in the 

subsequent sub-sections. 

2.1.2Region – Based Methods 

In region-based methods, the input image is divided into 

several connected regions by grouping the adjacent pixels of 

close intensity levels (Ying Ho and Zheng Lee, 2003). The 

aim is the recognition of regions that satisfy some predefined 

homogeneity criteria. Neighboring regions are further merged 

due to their homogeneity or sharpness of region boundaries. 

Region-based segmentation is a method for finding the region 

directly. The two main constraints to region-based 

segmentation are as follows; 

 1.1 

where 

 is a connected region,  

This means that the union of all regions must be equal to the 

original image R. 

            

1.2 

The second constraint also means that each and every pixel 

must belong to only one particular region (Ying Ho and 

Zheng Lee, 2003). 

2.1.2. Edge – Based Methods 

Edge-based methods of image segmentation are standing on 

edge detection which is a well-expanded field in image 

processing. Since there is often a sharp alteration at intensity 

of the object boundaries, these boundaries can be considered 

as the edges. However, closed region boundaries must be 

determined to detect image objects and the detected edges are 

the boundaries between objects (Gonzales and Woode, 1981). 

Therefore, edge detection techniques have been used as the 

basic step of other segmentation methods. In this approach, 

image edges are recognized and then linked into lines that 

indicate the borders of image objects (Gonzales and Woode, 

1981). 

Candidate edges are extracted by thresholding the gradient or 

Laplacian magnitude (Canny, 1986). It is also possible that 

the edges that are identifies by edge detection algorithms are 

sometimes not continuous. In solving this, a number of 

evolutionary algorithms are proposed to detect well-localized 

and continuous thin edge based on optimization of edge 

configurations (Gudmundsson et al, 1998). 

2.1.3 Split and Merge Approaches 

As the name suggests, these are segmentation methods that 

have two procedures. The image is segmented into several 

regions and inappropriate regions are merged into the correct 
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ones. In split and merge methods, an input image is 

segmented into set of homogeneous regions in advance (Ying 

Ho and Zheng Lee, 2003). Then similar neighbouring regions 

are merged according to certain homogeneity features. In the 

merge phase, each inappropriate region needs to be merged 

with one of their neighbours. As a result, Region Adjacency 

Graph (RAG) is used to determine neighbouring regions 

(Bhandarkar and Zhang, 1999). RAG is updated to represent 

the new regions and their correct neighbour after each merge 

procedure’s iteration. 

2.1.4 Clustering Methods 

Clustering is defined as the process of putting objects into 

groups based on the similarity in their members. According to 

Ergin, 2001;  

The following definitions may be functional as far as image 

segmentation is concerned: 

i. A cluster is a set of entities, which are alike, while 

entities from different clusters are not alike. 

ii. A cluster is an aggregation of points in the test 

space such that the distance between any two points 

in the cluster is less than the distance between any 

point in the cluster and any point not in it. 

iii. Clusters may be described as connected regions of a 

multi-dimensional space containing a relatively high 

density of points, separated from other such regions 

by a region containing relatively low density of 

points. 

Research into clustering algorithms has been beneficial in 

many applications, especially in the area of data mining and 

pattern recognition. Clustering methods are divided into two; 

hierarchical and partitional (Bhalerao. 1991). Within each of 

these two categories are a number of different algorithms for 

finding the clusters. 

2.1.4.1 Hierarchical Clustering 

Hierarchical clustering techniques are based on the use of a 

proximity matrix indicating the similarity between every pair 

of data points to be clustered. The end result is a tree of 

clusters, called a dendrogram representing the nested grouping 

of patterns and similarity levels at which grouping change. It 

proceeds successively by either merging clusters into larger 

ones (agglomerative, bottom-up), or by splitting larger 

clusters (divisive, top-down). By cutting the dendrogram at a 

desired level, a clustering of data items into disjoint group is 

obtained. The clustering methods differ in regards to the rules 

by which two small clusters are merged or a large cluster is 

split. Some of the hierarchical algorithms include Cure, 

Chameleon and Cobweb (Bhalerao, 1991). 

A hierarchical clustering which models the blurring effect of 

lateral retinal interconnections to stimulate the human visual 

system based on scale space theory was proposed by Leung et 

al, 2000. The following statement gives an idea about this as 

described by Leung et al (2000); 

“In this approach, a dataset is considered as an image with 

each light point located at a datum position. As this image was 

blurred, smaller light blobs merges into bigger ones until the 

entire image became one light blob at a low level resolution. 

The blurring process produces a family of clustering along the 

hierarchy by identifying each blob with a cluster” (Leung et 

al, 2000) 

2.1.4.2 Partitional Clustering 

Partitional clustering algorithms break up the image into a 

specific number of clusters. Partitional clustering algorithms 

are usually iterative algorithms that converge to local optima 

(Hamerly et al, 2002). A partition clustering is considered as a 

single partition while a hierarchical clustering is a nested 

sequence of partitions (Ergin, 2001). 

Partitional clustering algorithms such as, K-Means has an 

advantage over hierarchical clustering algorithms, where there 

is a partition of the data points which optimizes some criterion 

functions. In the hierarchical clustering, if a data point is 

assigned to a particular cluster, it cannot be changed. As a 

result, if a data point is not correctly assigned to a particular 

cluster at an early stage, there will be no way to correct the 

error. But the partitional clustering techniques also have a 

problem with regards to how to determine the number of 

cluster, k (Bhalerao, 1991). 

2.2 K – Means Clustering Algorithm 

McQueen first introduced the K-means algorithm in 1967 as 

an unsupervised clustering algorithm that partitions a data set 

into a specific number of clusters. The K-Means algorithm is 

based on minimizing the performance index which is defined 

as the sum of the squared distances from all points in a cluster 

domain to a cluster center (Tou and Gonzalez, 1974). 

The K-Means algorithm is one of the partitioning based, 

nonhierarchical clustering methods. Given a set of numeric 

objects X and an integer number k, the K-Means algorithm 

searches for a partition of X into k clusters that minimizes the 

within groups sum of squared errors. The K-Means algorithm 

starts by initializing the k cluster centers. The input data 

points are then allocated to one of the existing clusters 

according to the square of the Euclidean distance from the 

clusters, choosing the closest. The mean (centroid) of each 

cluster is then computed so as to update the cluster center. 

This update occurs as a result of the change in the 

membership of each cluster. The processes of re-assigning the 

input vectors and the update of the cluster centers is repeated 

until there are no more change in the value of any of the 

cluster centers. .   

2.3 PSO – Fuzzy System Approaches in Image 

Segmentation 

In 2008, Masooleh et al. suggested a fuzzy system in 

combination with PSO for image segmentation. A sugeno 

fizzy system was used in this method. Each pixel was 

allocated a colour class by applying a set of fuzzy rules. Large 

number of fuzzy rules is the main problem of fuzzy system. 

For this reason, PSO was used and it automatically produced 

the smallest number of optimum fuzzy rules and generated the 

optimized membership function. 
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A color image segmentation using a complete learning PSO 

based fuzzy system was presented in 2009 by Puranik et al. In 

this improved version of PSO, all particles’ Pbest were used 

to update the velocity of other particles. A fitness function 

which rates the optimality of each particle was also used. This 

new PSO was an optimization process which found the 

optimal fuzzy rules and the membership function. A set of 

fuzzy rules was assigned to each particle. Each particle was 

expected to try to maximize the fitness function during the 

process. This approach discouraged the premature 

convergence of original PSO. In addition, the HSL colour 

space was used in the proposed approach because it can be 

presented in three-dimensional for fuzzy colour classification. 

Gopal et al. (2010) presented two phase of MRI segmentation. 

The first phase includes pre-processing and enhancement. To 

remove labels and x-ray marks from MRI images, a tracking 

algorithm was proposed. Along with this, a median filter was 

used to remove high frequency components from MRI 

images. The fuzzy c-means (FCM) was used to calculate the 

adaptive threshold, after PSO which automatically determines 

the optimal threshold value of the given image to select initial 

cluster seed point. 

A muli-elasic exponential PSO which was hybridized with 

fuzzy system to perform segmentation of colored images was 

illustrated by Murusegan et al. (2001). Multi elastic 

exponential PSO is a blend of multi elastic PSO and 

exponential PSO. This approach made use of a kernel induced 

similarity measure for searching global best of PSO. The 

standard PSO converges very early in search space but the 

new approach helps to avoid this convergence characteristic 

of PSO. Alternatively, exponential PSO prevents the particles 

from stagnation of local optima by changing the inertia weight 

exponentially. This hybridized PSO was used to locate the 

optima fuzzy rules and membership function. Each particle 

sought to maximize the fitness function and the best fuzzy 

rule was selected for image segmentation. 

2.4 PSO – Genetic Algorithm Approaches in Image 

Segmentation 

Due to the sensitivity to noise by the traditional Fuzzy C-

Means (FCM) clustering algorithm, one of the basic methods 

is low pass filtering of an image and then applying the FCM 

clustering algorithm. The problem with this approach was that 

it could lead to loss of the important details present in an 

image. To overcome this problem, an essential FCM 

clustering algorithm was proposed by Shen et al. (2005). The 

parameter optimization is an important parameter that could 

affect the performance of FCM clustering method. 

Forouzanfer et al. (2010), proposed a breeding swarm 

algorithm to help discover optimum attraction parameters. 

This algorithm combined the strengths of both genetic and 

PSO algorithm. The algorithm was designed so that PSO 

supports local search and genetic algorithm performs global 

search. The experimental results indicated that this proposed 

breeding swarm with FCM cluttering algorithm was an 

excellent approach for segmenting MRI images. 

An approach to image segmentation using hybrid technique 

based on PSO and genetic algorithm was described by Kole et 

al. (2010). The optimal number of clusters was determined by 

using the PSO based dynamic clustering. The genetic 

algorithm further used this information to improve the final 

result of the PSO based method. The best result was obtained 

finally by comparing their individual validity indices with that 

of (Turi, 2001) and the data is partitioned accordingly. 

2.4.1 PSO – Wavelet Approaches in Image Segmentation 

Particles are normally prematurely attracted to the local 

attractor in a standard PSO. An inertia adaptive PSO and 

wavelet mutation algorithm which assisted the particles to 

break away from local minima and resulted in an increase in 

the speed of the segmentation process was proposed by Wei et 

al. (2010). Fuzzy entropy was used to calculate the fitness 

function of the particles in the swarm. Two dynamical 

regimes are used to govern the motion of the particles. The 

inertia adaptive PSO was used to sample particles if there was 

an improvement in the fitness function of the particles from 

iteration to iteration. The wavelet mutation had been proposed 

if there is no improvement, because that because that will 

result in stagnation. Exhibiting a fine tuning ability is one of 

the advantages of wavelet mutation. 

An illustration on how PSO could be successfully integrated 

with wavelet mutation and provide a more effective approach 

to resolve the stagnation problems was given by De et al. 

(2011). The entropy maximization was employed to get the 

expert knowledge of the probable threshold grey level range 

for stagnation of MRI images after their normalized 

histograms had been initially obtained. The hybrid PSO and 

wavlet mutation is used to optimize the initial value of the 

threshold. The region of interest was obtained using this 

threshold value. Finally the segmented MRI images with 

lesions were obtained by employing a variable mask on region 

of interest. 

2.4.2 PSO-Clustering Approaches in Image Segmentation 
A method that uses FCM cluttering together with PSO was 

proposed by Chun et al. (2008). The main purpose of FCM 

clustering is to locate cluster centers that maximizes the 

similarity function and minimizes the dissimilarity function. 

The pixels are assigned to clusters using the PSO. The number 

and initial location of the center of the predetermined 

clustering affect the basic FCM algorithm. 

Jing et al. (2010), proposed a fast FCM method with PSO for 

image segmentation. The number of clusters and the centre of 

the clusters was automatically determined by the PSO 

algorithm as an optimization process. 

There is a difficulty in segmenting sonar images because they 

have low signal to noise ration. Liu et al. (2010) presented a 

PSO based fuzzy cluster algorithm for segmenting sonar 

images. This hybridization resulted in producing strong 

searching and high speed convergence ability. Additionally, 

the fuzzy measure and fuzzy integral were also calculated to 

compute the fitness. 
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Jing et al. (2010) also presented an approach to fit clusters 

which were close to one another, this was necessary because 

the possibilistic c-means (PCM) algorithm is very sensitive to 

initialization and parameters. The complex computation and 

initial parameter sensitivity problems were solved by using 

the t – Particle Swarm Optimization (t – PSO). This algorithm 

was targeted at getting an accurate segmentation. It was 

shown that the proposed algorithm was less influenced by the 

noise points and produced better results. 

An illustration of how PCM could be integrated with PSO was 

presented by Zhang et al. (2011), they also provided a 

significant improvement on the efficiency of the 

segmentation. When compared to FCM, the PCM was more 

accurate because it overcame the relative membership 

problem of FCM in image segmentation. The PCM algorithm 

uses the mahalonolis distance, since it enhances the 

performance of the clustering algorithm. 

Researchers observed that it was difficult to segment 

underwater images because they have low signal to noise 

ratio. It was also observed that the traditional FCM algorithm 

did not produce good results and it was very time consuming. 

Researchers Wang et al. (2011) therefore presented a 

segmentation algorithm based on histogram weighted FCM to 

solve this problem. The statistical behavior of histogram of 

grey images were considered, this presented a fast and 

effective FCM algorithm for underwater image segmentation.  

2.4.3 PSO – Rough Set Approaches in Image Segmentation 

Feng et al. (2009) proposed an approach that uses rough set 

entropy with PSO. The authors segmented a grey-scale image 

by applying rough set entropy. The optimal threshold was 

obtained by using PSO and rough set entropy which was 

based on boundary conditions. Experimental results indicated 

that the proposed apgorithm was time efficient, the system 

became more stable and finally the sensibility of the algorithm 

to partition size image sub-piece was also low. 

A hybrid rough set PSO for partitioning an image into 

different meaningful segments was presented by Behera et al. 

(2011). Each cluster was treated an interval or rough set in 

rough c-means algorithm. K-Means clustering algorithm was 

used for image pixels classification and that calculated the 

initial means and their positions in the clusters. The upper and 

lower bounds of the clusters were calculated after the cluster 

centers had been obtained. The cluster centers were upgraded 

using the rough set, and the parameters of rough c-means 

were tuned using PSO. In this approach, a statistical 

mathematical function by name Davies Bouldin (1979) index 

was used for the purpose of the fitness function in PSO. The 

result of the performance evaluation of PSO showed that the 

method reduced noisy spots and was less sensitive to noise. 

2.4.4 PSO – Neural Networks Approaches in Image 

Segmentation 

White blood cell image segmentation was presented by Yi et 

al. (2005), the algorithm incorporated an online training 

neural network. To begin with, a mean shift algorithm was 

employed to search the cluster centre. After that, the size of 

the training set was reduced by performing uniform sampling. 

Through the use of uniform sampling, the statistical data 

revealed that subset could represent the entire data set 

approximately. In addition, the PSO algorithm employed 

helped in faster convergence and the escape from local 

optimum. 

Alamelumangai et al (2010) proposed a neutron – fuzzy filter 

for image enhancement, this was due to the fact that image 

enhancement and pre-processing are requisites for ultrasound 

images because they have low contrast and speckle noise. 

After pre-processing, an artificial neutron – fuzzy network 

and Eliminating PSO were used for image segmentation. The 

proposed algorithm was mainly a five layer network and the 

inputs were fuzzy values. The Eliminating PSO eliminated the 

weakest particle and searched for optimal solution. The 

algorithm helped in reducing the computational time without 

affecting the accuracy of the solution. 

3.1 K-MEANS 

The K-Means algorithm is started with an initial partition and 

assignment of patterns to clusters to reduce the error between 

the intensities of the pixels of a cluster and it’s mean. The 

error tends to decrease as the number of iterations increases, 

as expected is minimized for a fixed number of clusters, K 

(Ergin, 2001).  

 

Sample Images 

In all, six (6) different images were used to test the algorithm. 

Figures 3.1a and 3.2a are sample Image1 and Image2 before 

segmenting with K-Means; the corresponding results after K-

Means segmentation are shown respectively in Figures 3.1b 

and 3.2b 

 

          Before   After            

Figure 3.1a Sample Image1     Figure 3.1b Resultant Image1 
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       Before        After 

Figure 3.2a Sample Image2 Figure 3.2b Resultant Image2 

The simulation was further carried out with four (4) other 

algorithms. These include: 

i. The PSO algorithm 

ii. Hybrid PSO and K-Means algorithm 

iii. K-means and PSO Hybrid algorithm 

iv. The CAMSEG algorithm 

 

4.1 RESULTS AND DISCUSSIONS 

The results of two out of the six sampled images are used for 

segmenting all five models of the program, that is, K-Means, 

PSO, KMPSO, PSOKM and the CAMSEG algorithm. Two 

images, that is Image1 and Image2 were used for the test. The 

images and their results are presented in their matrix 

representations; histogram forms and finally the time 

durations used by all the algorithms will be discussed and 

compared. All these are done to establish the usefulness or 

otherwise of the CAMSEG algorithm. 

4.1.1 Discussion of Matrices 

4.1.1.1Summary of Image1 Matrices 

The table below gives a summary of the highest, lowest and 

modal pixels of image1 being segmented with all five 

algorithms. 

Table 4.1 Summary of Frequency Distribution of Image1 for 

all Five Algorithms 

 

Origi

nal  

Imag

e1 

K-

Mea

ns 

PS

O 

KMP

SO 

PSO

KM 

CAMS

EG 

Highest Pixel 255 160 
20

8 
164 165 170 

Lowest Pixel 0 114 86 84 85 85 

Mo

dal 

Pixe

l 

Value  0 153 
13

1 
134 134 153 

Freque

ncy 
56 96 39 98 80 43 

 

Image1 

In examining the matrix produced by the original Image1, it 

was observed that the values are small; ranging from a highest 

value of 255 to a lowest value of 0.  Table 4.5 shows that the 

highest frequency is 56 representing pixel value 0. These 

values show that the original Image1 has a lot on the dark side 

than the bright side. 

  

 

4.2 K-Means and PSO Results 

The pixel values for the matrix produced by the K-Means 

segmentation ranges from 160 to 114, which is rather on the 

high side. From Table 4.5, it is shown that the pixel value 

with the highest frequency is153. This shows that this result 

of the K-Means is more of a mid-tone image. That is, this 

result of the K-Means is not as dark as the original image. 

The PSO algorithm also produced an image whose matrix 

ranges from a highest pixel value of 208 to a lowest of 86. 

Table 4.5 shows that the pixel with the highest frequency is 

131 with a frequency value of 39. This also shows a much 

brighter image compared to the original image but not 

brighter than the result of the K-Means algorithm. 

4.3 CAMSEG Algorithm 

The CAMSEG algorithm also produces a resultant image of 

Image1whose pixel values are relatively low but not lower 

than that of the original image, its highest pixel value is 170 

and lowest pixel value being 85. Table 4.1 shows that the 

pixel with the highest frequency is 153 with a frequency value 

of 43. This result is relatively bright; this can also be 

classified as a mid-tone range image though slightly brighter 

than the images produced by both KM-PSO and PSO-KM 

algorithms.  

From these analyses, it can be said that the CAMSEG 

algorithm produced a relatively brighter result of 

Image1compared to the results of the other two hybrid 

algorithms (PSO-KM and KM-PSO). Therefore it will be 

more prudent to choose the CAMSEG algorithm to segment 

this image, for instance in an object detection section, the 

CAMSEG algorithm will be more practical to use. 

4.4 Summary of Image2 Matrices 

Table 4.2 below gives a summary of the highest, lowest and 

modal pixels of image2 being segmented with all five 

algorithms. 

Table 4.2 Summary of Frequency Distribution of Image2 for 

all Five Algorithms 

 

Origi

nal  

Imag

e2 

K-

Mea

ns 

PS

O 

KMP

SO 

PSO

KM 

CAMS

EG 

Highest Pixel 253 161 
16

7 
163 155 170 
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Lowest Pixel 29 84 85 110 86 85 

Mo

dal 

Pixe

l 

Value  92 85 
13

5 
124 122 112 

Freque

ncy 
20 72 65 36 48 31 

 

Image2 

The original Image2 has a highest pixel value of 253 and a 

lowest pixel value of 29, from Table 4.6, the pixel value with 

the highest frequency is 92, with a frequency of 20. Based on 

the pixel values represented in the matrix, it can be said that 

this image is fairly dark. 

4.5 K-Means and PSO  

The K-Means algorithm presented a resultant image whose 

highest pixel value is 161 and lowest pixel value is 84, Table 

4.2 shows that the pixel value with highest frequency is 85, 

with a frequency value of 72. Per the pixel values, this image 

is not so bright and not so dark too, the histogram language 

will say that it is in a mid-tone range. The PSO algorithm 

gave an image whose matrix has a highest pixel value of 167 

and lowest being 85. The pixel value with the highest 

frequency is 135 with a frequency value of 65, as shown in 

Table 4.2. This image can also be said to be in the mid-tone 

range though slightly brighter than that of the K-Means. In 

comparing these two results, it is observed that K-Means 

produced an image that is slightly darker than the image 

produced by the PSO. Also, the matrices show that the PSO 

has its image distributed in a wider number of pixels 

compared with the K-Means. 

4.6 CAMSEG Algorithm 

The CAMSEG algorithm has a resultant image of Image2 

having a matrix with the highest pixel value of 170 and lowest 

value of 85. These pixel values are closely related to the PSO 

– K-Means algorithm than they are related to the K-Means – 

PSO algorithm. This matrix has the pixel value of 112 having 

the highest frequency of 31, as shown in Table 4.2; this also is 

closer to that of the PSO – K-Means matrix. 

It is observed that the CAMSEG algorithm produced an image 

that has much brighter pixels compared to the original image. 

When compared to the two other hybrid algorithms (KMPSO 

and PSOKM), it is noted that the CAMSEG algorithm has 

darker pixels and also the modal pixel which is 112 has a 

relatively lower frequency compared to the two hybrid 

algorithms. In this instance as well, when it comes to making 

a choice out of these algorithms for segmentation, it will 

worthy to choose the CAMSEG algorithm since it produced a 

slightly better result compared to the other two hybrid 

algorithms. 

4.7 Time / Duration of the Image Segmentation 

The time/duration used by each algorithm to complete the 

segmentation of the two images (Image1 and Image2) is 

shown in Table 4.3 and Table 4.4 as they were run on two 

different computers with different specifications. Below are 

the specifications of the two computers. 

Computer1: 32-bit registers, a RAM size of 2.00 gigabytes 

and a clock speed of 1.8GHz. 

Computer2:32-bit registers, a RAM size of 2.00 gigabytes 

and a clock speed of 3.20GHz. 

 

 

4.7.1  Images and Duration of Segmentation 

Computer1 

The table and the chart below show the duration used by 

Computer1 to segment Image1 and Image2 for all the five 

algorithms. 

Table 4.3 Time Durations used by Computer1 for the five 

Algorithms 

ALGORITHM IMAGE1  IMAGE2 

K-Means 13.08m 13.06m 

PSO 16.76m 1.772m 

K-Means – PSO 16.27m 18.61m 

PSO – K-Means 32.76m 12.90m 

CAMSEG Algorithm 15.94s 1.363m 

 

 

Figure 4.1 Duration used by Computer1 to run the five 

algorithms for segmenting Image1 and Image2. 
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Table 4.4 Time Durations used by Computer2 for the five 

Algorithms 

ALGORITHMS IMAGE1 IMAGE2 

K-Means 1.323m 25.01s 

PSO 1.434m 28.03s 

KPSO 10.56m 4.629m 

PSOK 7.273m 8.727m 

CAMSEG 1.233m 20.05s 

 

 

Figure 4.2 Duration used by Computer2 to run the five 

algorithms for segmenting Image1 and Image2 

4.8 Histogram of Images 

In this study, the resized images of 25 by 25 pixels are used 

for the histogram representation.  

Image1 

Figures 4.3 show Image1 and its resultant images and the 

corresponding histograms. 

     

  Original Image1                                    Histogram Representations 

Figure 4.3 Original Image1 and resultant K-means histograms 

 

 

 

5.1 Discussion of Duration used by the Algorithms 

From Table 4.3; it is observed that the algorithm with the 

longest amount of time for segmenting Image1 is the PSO-K-

Means algorithm. Image2 also displays 18.61minutes being 

the longest time used for segmentation and that is the K-

Means – PSO algorithm.  

It is also observed that in both Image1 and Image2; the 

CAMSEG algorithm used the least duration in the 

segmentation process, that is, 15.95 seconds and 1.363 

minutes respectively. The same result is shown in Table 4.4 

for computer2.It can therefore be concluded that the 

CAMSEG algorithm is more efficient in relation to time or 

duration needed for segmentation processes, that is, the 

CAMSEG algorithm is best when segmentation efficiency is 

being considered. 

However, since efficiency does not automatically indicate 

effectiveness, it cannot be conclusively indicated that the 

CAMSEG algorithm is more effective than the other 

algorithms by merely considering just the duration it uses to 

segment the images without considering other areas to 

determine effectiveness of the CAMSEG algorithm. It is for 

this reason that the section that follows examines the 

histograms of the images. 

5.2 Summary 

The main objective of the research was to develop the 

CAMSEG algorithm that combines the K-Means and PSO 

clustering algorithms under the supervision of the Otsu 

Algorithm, with the aim of using the Otsu Algorithm to act as 

the intelligent part of the algorithm to find the threshold value 

of an image and with respect to the threshold value the 

CAMSEG algorithm selects one of the two algorithms to start 

the optimization process and will complete the process with 

the other algorithm (that is, either KM/PSO or PSO/KM). 

The study examined the K-Means algorithm alone, the PSO 

algorithm alone, the hybridization of the two algorithms; the 

hybrid of the K-Means followed by the PSO algorithm and 

then the hybrid of the PSO algorithm followed by the K-

Means algorithm. 

The study further examined how to hybridize the two 

aforementioned algorithms where there will be an 

atomization, that is, the algorithm should automatically decide 

which of the two algorithms to start the segmentation process 

with and which one to be followed. By this, there was a need 

to find the threshold value of the image for this automatic 

decider, therefore the Otsu’s algorithm for finding the 

threshold value was adopted to find the threshold value of the 
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input image. All the algorithms were then implemented with 

the JAVA programming language and six sample images were 

used to segment all five algorithms. The resultant images of 

two out of the six were analyzed by examining their matrices; 

histograms and the duration taken to segment all images were 

noted.  

5.3 Conclusion 

From the histograms discussions, it can be concluded that the 

CAMSEG algorithm, in both images, produced much better 

images especially when compared to the two hybrid 

algorithms (K-Means PSO and PSO K-Means ) because its 

standard deviation values are much larger in both images 

indicating pixel values that are widely spread out. Also, the 

CAMSEG used the least duration in segmenting the two 

images as discussed above. It can therefore be concluded that 

the CAMSEG algorithm is more efficient in relation to time 

and quality of image in terms of histogram analysis. 

The general conclusion is that, it is possible to use a single 

algorithm (CAMSEG Algorithm) to automatically decide 

which of the two algorithms K-Means or PSO to start the 

segmentation process and end with the other algorithm.  

It can be concluded that, the CAMSEG algorithm has given 

better results showing the effectiveness and efficiency of the 

algorithm on both Image1 and Image2 in all the different 

ways through which the results have been analyzed. 

5.4 Recommendation 

For further study, it is recommended that one may consider a 

more complex algorithm that will incorporate correcting the 

resultant image based on what it will be used for, especially in 

the field of computer visions. This research can also be further 

directed towards incorporating other image segmentation 

methodology like a patitional algorithm to make the 

segmentation more enhanced, especially if it is a research to 

segment images in the medical field. Also, the work can 

consider using more complex images such as 3-dimensional 

images. 
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Abstract: In order to training outstanding engineers for the emerging industry, the projects of “Plan for educating and training 

outstanding engineers” (P4ETOE) and “Strategic Emerging Pillar Industry Project” (SEPIP) have been carried out in the Electronics 
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Electronics and Information specialty, a teaching reform was carried out on it to solve the problem of traditional teaching, focusing on 
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effective and successful based on the teaching practices of the P4ETOE and SEPIP experimental classes of Yangtze University. It can 

enhance the students’ comprehensive abilities of engineering and innovation. 
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1. INTRODUCTION 
The “Plan for educating and training outstanding engineers” 

(P4ETOE) of China is a major reform program to implement 

the National Medium and Long Term Education Reform and 

Development Program (2010-2020). It  aims to train a large 

number of high-quality engineers, who have the capacities of 

innovation and practical skills of engineering to meet the 

needs of economic and social development [1] [2]. 

The projects of “Strategic Emerging Pillar Industry Project” 

(SEPIP) led by Hubei Province government and P4ETOE led 

by Department of Education of China have been carried out 

since 2010 and 2013, respectively. The Java Language is one 

of most important courses of the Electronics and Information 

specialty, which plays an important role in  cultivating 

innovative and practical skills of engineering. However, there 

are many problems in the traditional teaching of Java course. 

It was considered difficult to teaching and learn by both 

students and teachers [3] [4]. In order to solve the problems 

mentioned above, a teaching reform has been carried out in 

the following three aspects: theory teaching, practice teaching 

and assessment method, based on P4ETOE and SEPIP 

projects. The teaching practice of the P4ETOE and SEPIP 

experimental classes of Yangtze University showed that our 

teaching reform is effective and successful.   

2. REFORM OF THEORY TEACHING 

METHOD 
Java is a course with difficult theory and emphasis on 

practise. It is likely for student who facing a large number of 

concepts and difficult theoretical knowledge to lose their 

interest in study, if the traditional teaching method is used. 

Hence, we introduced an international advanced engineering 

education mode “Conceive, Design, Implement, and Operate” 

(CDIO) [5], which is a engineering design task-oriented, 

project-driven teaching method to develop the students’ 

engineering abilities. 

2.1 Using a project case as the main line 
    We use a Java development case with medium-size as the 

main line to connect the isolated concepts and theoretical 

knowledge learned before. Students complete the tasks of sub-

module development, step by step, through the classroom 

learning, self-study, and interactive cooperation. They can 

understand the role of the knowledge points in the whole 

project case under the guidance of the main line of the project 

case. 

      The name of sub-modules and their corresponding 

knowledge points, using the library management system as an 

example, are listed in Table 1. 

2.2 Heuristic teaching 
(1) Problem-oriented 

Using the project case as the main line, we design 

appropriate questions to guide students learn the knowledge 

through explorative study and solving the practical problem. 

The reasonable designed questions can lead students to active 

thinking, active learning and building their knowledge 

structure gradually. Some of the questions are listed in the 

Table 2.  
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Table 1. Submodules of a project case and its corresponding knowledge 

Project Name Submodule No. Submodule Name The Corresponding Knowledge Points 

Library Management 

System 

1 Class of student, book Class and Object 

2 Different types of books, students Class inheritance 

3 Unique access interface for different 

types of students 

Class polymorphism 

4 GUI for library manage system Swing programming 

5 Library access module Java database programming 

6 Remote access library module  Java network programming 

7 B/S mode library manage system J2EE Web programming 

 

Table 2. Examples of designed questions  

Submodule No. 
Designed Questions 

The Corresponding Knowledge 

Points 

1 What is the common characteristics of books, students? Abstract for a Class 

2 What should we do if we need process a special type of book or different 

type of students? 

Inheritance of Class 

3 How to design a unique access interface for different types of students? Polymorphism of Class 

4 How to design a GUI for our library manage system? How to design a user 

friendly interface? How to test the GUI? 

Swing programming 

5 How to design and develop a program to access a database such as Oracle, 

SQL Server, or MySQL?  

Java database programming 

6 How to develop a program to  send and receive data from network? How to 

write a TCP/IP program using Java Language?  

Java network programming 

7 Why should we migrate the library manage system to the website? How to 

migrate it to the website so that everyone could access it from internet by 

browser? 

J2EE Web programming 

 

 (2) Group teaching 

    Students were divided into several project groups. Each 

group consists of  3 or 4 students, including a leader. The leader 

led the other members to complete the whole library 

management system development process, such as design a 

Class, inheritance a Class, develop GUI using Swing, develop 

database access module, network communication module and 

migrate the application to the website. The Teacher acted as 

technical consultant and chief engineer guiding students to 

discover and solve problems. Through group teaching methods, 

the teamwork ability, engineering practice ability and 

innovation ability of students were cultivated. 

  (3) Interactive teaching 

Sufficient time was reserved for each team to have a 

representation including implementation process, analysis 

method of the problem, and resolving measures. The students of 

other teams can actively ask questions, or put forward their own 

views. The teacher acts as a commentator. Every student could 

participate in the whole process of teaching and be motivated to 

learn through interactive teaching.  

2.3 Improving the CDIO abilities of teachers 
The quality of teachers is the key to the success of CDIO 

teaching. Teachers should improve their CDIO capabilities by 

participating in software development projects, and training 

projects. Only in this way, teachers could guide students to 

analyze and solve the problems from the perspective of 

engineers, and share their engineering experiments to their 

students effectively and easily.  

3. REFORM OF PRACTICE TEACHING 

Practice teaching is very helpful for training the engineering 

abilities and innovation spirit of the students. It is important for 

the engineering education of colleges and universities [6][7]. 

There are some problems in the practice teaching of the Java 

course, such as lacking of students' autonomy, irrational 

designed experimental projects, insufficient interaction between 

teachers and students, neglect of training the innovation ability 

and application ability of students. In order to cultivate students' 

ability of engineering practice, we optimize and adjust the 

experimental content and change the experimental teaching 

method, using a engineering task as the main line. The 

experiments were divided four levels: basic experiment, design 

experiment, comprehensive experiment and course design, listed 

in the Table 3. 

The basic experiment is mainly completed by extracurricular 

time self-study, which can not only solve the contradiction 

between experimental task and experimental time, but also can 

fully mobilize the enthusiasm and autonomy of students, 

exercise and cultivate students' basic programming ability, and 

lay a solid foundation for the follow-up experiments. The design 
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Table 3. Multilevel Experiment System of Java Course  

Experiment Category Experiment Content Main Teaching Methods Develop Skills 

Fundamental 

experiment 
Design a Class, Initialize a Object 

Teacher demonstrates at classroom, 

student self-study after class, Q&A during 

experimental class 

Deepen the understanding of the 

basic concepts, master the basic 

syntax of Class define 

Design 

Experiment 

Inheritance and Polymorphism of 

Class, GUI programming using 

Swing 

Grouping, fully prepared for the 

experimental class,  implementation and 

Q&A during the experimental class 

Training students to analyze and 

solve problems, ability of the 

basic engineering 

Comprehensive 

Experiment 

database programming, network 

programming 

Grouping, experimental class 

implementation, teacher on-site guidance 

Training system design and 

analysis ability and engineering 

ability 

Project Training 
Develop the library management 

system, migrate it to the website 

Grouping, Complete in two weeks, 

teachers on-site Q&A and guidance 

Cultivate engineering practice 

ability and innovation ability 

 

experiment and the comprehensive experiment are carried out 

by grouping, which can train the students' teamwork ability 

and engineering practice ability, and also overcome the 

shortage of teachers in a certain extent. On the basis of the 

above three stages of practice, a two weeks dedicated time are 

spent to carry out curriculum design, which develops students' 

engineering practice and innovation. 

4. REFORM OF ASSESSMENT METHOD 

The traditional assessment method, which mainly depends 

on the final exam, is harmful to assess students' engineering 

ability. To ensure the effectiveness of teaching, we designed a 

diversified assessment method, referring to CDIO standards, 

to assess  the students’ basic personal ability, interpersonal 

skills, software development capabilities, and their theoretical 

knowledge.  

The assessment method is described as following: (1) Dialy 

work, accounting for 10%, including attendance, homework; 

(2) Assessment for the learning process, accounting for 60%, 

which consists of the project self-assessment and teacher 

evaluation. The project self-assessment for each team member 

is conducted by the team leader according to the teamwork 

ability, practical engineering ability, innovation ability, 

assessment from other members. The teacher's assessment is 

based on the team's completion of the project, the effect of the 

project statement, and project report. (3) Final examination 

result, accounting for 30%, using the traditional examination 

methods, assessment of students’ theoretical knowledge, 

ability of algorithm design and programming. 

Through strengthening the teaching process assessment, we 

could control each teaching links, guide students to improve 

the autonomy of learning, and train their abilities of 

teamwork, engineering practice, and innovation. The new 

assessment method could improve the teaching effectiveness 

by avoiding the students not study usually but drive a night 

car just before the final exam. 

5. CONCLUSION  

A systematic teaching reform has been carried out, based the 

projects of P4ETOE and SEPIP, on the aspects of theory 

teaching, practice teaching and assessment methods. The 

teaching reform has been proven effective and successful by 

the teaching practice of P4ETOE and SEPIP experimental 

classes of Yangtze University in recent years. It can enhance 

the students’ comprehensive abilities of engineering and 

innovation, and help to cultivate outstanding engineers for the 

future. 
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Abstract: Three-dimensional geological modeling is the basis of exploration and exploitation of oil, gas, and solid mineral resources. 

It has vital significance for engineering decision-making and scientific management. A cross-platform geological modeling and 

visualization software with independent intellectual property rights is developed, based on the Qt framework. The 2.5D geological 

model is built with the Human-computer interaction (HCI) method, and converted to 3D model which displayed real time based on 

OpenGL. Software testing results show that the software can run on Windows, Linux platforms and meeting the basis requirement of  

cross-platform HCI modeling of the mineral exploration. 
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1. INTRODUCTION 
Three dimensional geological modeling was first proposed by 

Simon W Houlding in 1994 [1]. With its continuous 

development, Three dimensional geological modeling have 

been widely used in the field of geological exploration, 

mathematical geology, geophysics, mine surveying, mine 

geology, graphics, scientific visualization, and engineering 

applications [2-5]. it is the basis for the exploration and 

development of oil and gas resources, and solid mineral 

resources. It is an effective way to reproduce 3D information 

and comprehensive analysis of geological bodies, by 

introduction of 3D geological modeling technology into 

geological body analysis system. 

The first 3D visualization modeling software of geological 

body was born in the Western Countries. With its continuous 

development, 3D geological modeling has been widely 

employed in various fields abroad. Since 1980s, several 

successful 3D modeling software have been developed, such 

as: EarthVision [6], GOCAD [7],  LYNX [8], Vulcan [9], 

EarthCube [10]. In China, the research of 3D visualization 

technology started in the early 90s, and the software has been 

developed less[4]. Although there are some excellent software 

such as RDMS, SLGRAPH, GeoView [11] and so on, but in 

general, there is still a big gap with the advanced level of 

foreign countries. Most of the geological modeling software 

used in China are imported from abroad. It is necessary to 

develop cross platform 3D geological modeling and 

visualization software with independent intellectual property 

rights to meet the needs of solid mineral exploration and 

exploration and development of oil and gas resources. 

2. SOFTWARE DESIGN 
2.1 General System Diagram 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. General System Diagram
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The software consists of a main program and three sub modules: 

2.5 dimensional geological modeling module with human-

computer interaction, data conversion module, and 3D 

visualization module. The software function module diagram is 

shown in Figure 1. The interactive 2.5 dimensional geological 

modeling module is to modeling the ore-body using HCI; The 

data conversion module is to convert 2.5D model to 3D model 

using the auxiliary information; The 3D visualization module is 

to visualize the 3D geological model. 

2.2 Main Module Design 

2.2.1 HCI modeling module 

The software start with a Qt GUI window, which contains an 

interactive graphics widget, a 3D model rendering widget, and 

several auxiliary input widgets.  

For the 2.5 dimensional interactive modeling module, the user 

can draw geological model profile in the rendering window, and 

modify the profile (adding or deleting vertex, selection, drag 

and drop vertex and line). The module flow chart is shown in 

figure 2. 

 

Figure 2. Flow chart of 2.5D modeling 

 

2.2.2 Three dimensional visualization 

We can draw the surface of geological model after the real 3D 

coordinates are calculated from the profile and the auxiliary 

information, and rotate the model by rotation function in 

OpenGL. If we do not satisfied with the 3D model, we can 

modify it by modeling the profile and auxiliary information. The 

flow chart is illustrated in Figure 3. 

2.2.2 Data conversion 

It is important to convert the 2D coordinates to 3D coordinates, 

since displaying 3D model need real 3D coordinates. The 

conversion theory described as following: 

Supposing the dip of geological model  0I ,the top view of 

geological model is shown in Figure 4(a). We can calculate the 
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Figure 3. Flow chart of 3D visualization 

 

Assuming that the profile of the geological model is shown in 

Figure 4 (b), the coordinate of A is 
1 1

( , )x y , and the difference 

between the abscissa of A and the C is W. Combining the top 

view with the profile, you can get Figure 4 (c), which calculates 

the coordinates ( , )x y of each vertex according to the linear 

scale. The coordinates Z can be calculated based on the plotted 

profile and the actual proportion of the drawing, plus the depth 

of the embedded surface. Then, the coordinates of all the vertex 

of the front and back profiles are computed by the loop. 

If I is not equal to 0, that is, the geological model rotates about 

the axis of rotation I. The diagram of vertex rotation is shown in 

Figure 4 (d).  
0

L is the distance from point to line: 
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(a) Top view of geological model                (b) Profile of geological model 

 

(c) Combine top view and profile               (d) The diagram of vertex rotation 

Figure 4. Data conversion module  

 

3. SOFTWARE IMPLEMENT 

3.1 2.5-D modeling with HCI 
To draw the profile of geological model, we must implement 

the functions such as dynamic drawing line, selecting and 

dragging the vertex and line, adding and deleting the vertex, 

and the pop-up menus.  

Dynamic drawing lines: it is implemented by using the QPaint 

class and double buffering technology in Qt.  

Selecting and dragging the vertex and line: It is implemented 

by drag and drop of mouse. When the vertex or line is 

selected, it turns to read. After you select the point, press and 

hold the left mouse button, move the mouse, you can drag this 

point, and this point and other points will change with the 

line. The effect of drag and drop of vertex is shown in Figure 

5: 

  

(a) Before dragging vertex       (b) After dragging vertex 

Figure 5. Illustration of dragging a vertex by mouse drag and drop  

 

Pop-up menu: It is supported by QWidget and its sub-classes 

and can be called directly. 

Adding and deleting the vertex: It is implemented by calling 

addPoint() and deletePoint() function respectively. The 

addPoint() function is listed in following: 

void PaintArea::addPoint(QImage &theImage) 

{ 

  if(choose_line_index >= 0) 

    { 

      QPainter pp(&theImage); 

      pp.setPen(QPen(Qt::white, 1)); 

      if (choose_line_index < pvec.size()-1) 

      { 

        

pp.drawLine(pvec[choose_line_index],pvec[choose_line_inde

x+1]); 

        pvec.insert(&pvec[choose_line_index] + 1, theAddPoint); 

        pp.setPen(QPen(Qt::black, 1)); 

        pp.drawLine(pvec[choose_line_index], 

pvec[choose_line_index+1]); 

        pp.drawLine(pvec[choose_line_index+1], 

pvec[choose_line_index+2]); 

      } 
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      else 

      { 

        pp.drawLine(pvec[0], pvec[pvec.size()-1]); 

        pvec.push_back(theAddPoint); 

        pp.setPen(QPen(Qt::black, 1)); 

        pp.drawLine(pvec[pvec.size()-1], pvec[pvec.size()-2]); 

        pp.drawLine(pvec[pvec.size()-1], pvec[0]); 

       } 

        pp.setPen(QPen(Qt::black, 4)); 

        pp.setBrush(Qt::black); 

        pp.drawEllipse(theAddPoint, 2, 2); 

        update(); 

    } 

} 

3.2 Data conversion 
All the vertices of the polygonal profile are stored in an array. 

After the profile of geological model and other auxiliary 

information of it are obtained, we can transform the 2.5 

dimensional geological model to a three-dimensional 

geological model, using the data conversion algorithm 

described in section 2.2.2. 

3.3 Three Dimensional Visualization 
After obtaining the spatial coordinates of the three-

dimensional model of the geological model, the 3D model is 

rendered by OpenGL We use loops to draw the outer face of 

the geological model. We define a two-dimensional array that 

stores colors, which allow us could draw outer face with 

different colors. The rotation of the geological model is 

implemented by the rotation function in OpenGL, and it is 

associated with the mouse event to implement rotation with 

mouse. The codes for rendering the 3D mode are listed as 

follow: 

//Rendering two faces 

glBegin(GL_POLYGON); 

glColor3f(0.0f,1.0f,0.0f); 

index = 0; 

while(index < fqvec_3D.size()) 

glVertex3fv(fvertices[index++]); 

glEnd(); 

//Rendering the sides 

index = 0; 

while(index < fqvec_3D.size()-1) 

{ 

glBegin(GL_POLYGON); 

glColor3f(0.5, 0.5, 0.5); 

glVertex3fv(fvertices[index]); 

4. SOFTWARE TESTING RESULTS 
The software testing platform is Intel i5 -3470 3.2GHz CPU, 

4GB memory, We compile and run the software on the 

Windows and Linux operating systems respectively. The 

results are shown in Figure 6 and figure 7. 

 

Figure 6.  Testing result running on Windows  

 
Figure 7.  Testing result running on Linux 

 

5. CONCLUSION 
A 2.5 dimensional modeling software with human computer 

interaction is developed based on Qt software framework and 

OpenGL graphics library. The software can be used to model 

the 2.5 dimensional geological model by human-computer 

interaction. After the 2.5 dimensional model is transformed 

into a three-dimensional model, the 3D geological model is 

displayed in real time using OpenGL. The software test results 

show that the software , which can run on both Windows and 

Linux, can be employed for human computer interaction 

modeling in the field the mineral exploration.  
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