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Abstract—Organizations around the world have adopted 

TQM philosophy and practices to attain business excellence. 

Many of them have succeeded but many are still in pursuant of 

long term organizational sustainability. Contemporarily 

worldwide technological advancement and challenges have 

enriched a competitive environment in the business world. In 

literature TQM and technology management have been 

addressed with separate role while this paper outlines the co- 

alignment between TQM and technology management in 

integrated fashion to attain excellence and organizational 

sustainability. The relationship among different aspects of TQM 

and technology management is structured as a framework 

preceded with a research study conducted in Pakistan. Data 

collection is administered through structured questionnaire and 

survey, and summarized with statistical analysis. The results 

show positive correlation among the aspects of the research 

framework and depict usefulness of the study for the 

organizations to adopt.               

Keywords—TQM; technology management; organizational 

sustainability; business excellence  

I. INTRODUCTION  

One of the major issues in business management is how to 
form and sustain competitiveness in the world market and thus 
to ensure long-term profitability [1]. Various promotion 
strategies including Quality and productivity related programs 
have been initiated and adapted by the organizations in many 
countries in this regard.  

Total Quality Management (TQM) is a field of philosophy 
that evolved from quality management and quality assurance 
system. The basic premise and purpose of TQM is the 
continuous improvement in operational activities, for achieving 
growth in production and sales with higher level of satisfaction 
of customers and other associated stakeholders. In recent days 
the scope of TQM has been enlarged to meet also the terms of 
other dimensions, outside of the organizational boundaries and 
structure, for example, societal responsibility and 
environmental policies have been encompassed under the 
umbrella of TQM. Organizations cannot sustain in excellence 
mode until ensure implementation of environmental standards 
and practices, and recognizing and performing societal role 
positively.  

The literature suggests that the success of an organization, 
today, goes through sustainability [2], and, this emerging 

concept has widened and changed the business perspective and 
strategy from merely economical-financial to social and 
ecological environment  as well [3].  

Alongside, other challenges due to rapid change and 
advancement in technology coerce the management practices 
and operations to adapt innovations in their products and 
processes. Practitioners and researchers have called for 
innovation in production processes as well as in management 
practices [4]. In literature, technology management has been 
not widely coupled or observed with TQM to examine their 
combined effect on performance or sustainability outcomes.   

This paper presents relationship among TQM and 
technology management practices and the emerging evolution 
of sustainability concept through proposing a framework. The 
research study as proposed then carried out through survey and 
collecting data from 88 multi sector organizations in Pakistan. 
The analysis and results show positive relationship and 
correlation among the factors taken.  

Given a brief introduction of the study in section 1, 
literature overview on TQM, technology management and 
sustainability is discussed in section 2 with the proposed 
research framework showing the relationship. Research 
methodology and survey design of the study is given in section 
3, and then results and analysis are discussed in section 4. 
Finally, the study is concluded with final comments and future 
perspective in section 5.  

II. LITERAURE REVIEW 

A. Total Quality Management  

‘Quality’ has been defined in numerous terms, such as 
‘value’ [5], as ‘conformance to specification’ [6], as 
‘conformance to requirement’ [7], as ‘fitness for use’ [8], as 
‘meeting or exceeding customer’s expectations’ [9] or the 
inherent characteristic of a product or service (ISO 9004:2009). 
It is a measure composed of all aspects of supplier, product, 
process and service quality of an organization's performance 
[10]. It is determined as main factor for customer satisfaction 
and profitability [11]. 

The field of quality has been evolved in number of phases, 
that is, from inspection to quality control, then to quality 
assurance and lastly to strategic quality management or total 
quality management (TQM) phase [12]. TQM is a strategy 
towards continuous change [13]. TQM is a philosophy [14]. 
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There have been introduced various tools, techniques and 
procedures under TQM. In the global competitive environment, 
organizations are paying significant attention to TQM 
philosophies, methods, tools and techniques [15]. Continuous 
improvement, breakthrough and standardization using TQM 
play a key role as impact procedure to increase 
competitiveness. 

Although there is no concrete agreement on the factors that 
constitute TQM and still the factors are varying among 
different authors and researchers yet both theoretical and 
practical level of TQM frameworks have been developed [16]. 
Different sets of TQM factors have been suggested and 
adopted in different studies due to diversity of the definition 
and approaches taken by different researchers [17]. However 
many researchers have attempted to bridge these disparities 
and used elements of quality award criteria and business 
excellence models as their preferred TQM factors in their 
studies. It has been explored that quality award models derive a 
model for TQM [18]. In recent years, researches have begun 
for an interdisciplinary approach to use the Malcolm Baldrige 
National Quality Award’s (MBNQA) criteria as one of the best 
framework for TQM [19]. There are six elements or factors in 
MBNQA, those are, leadership, strategic planning, customer 
focus, workforce focus, process management and information 
& knowledge management. These six factors, as TQM model, 
have been adopted in the research work by various researchers 
[20] [21]. This study also takes the same six factors as TQM 
model. 

B. Technology Management 

 Technology refers to the theoretical and practical 
knowledge, skills, and artifacts that can be used to develop 
products and services as well as their production and delivery 
systems. Technology management is one of the strategic and 
organizational factor which can make an organization more 
competitive in improving its performance [22]. 

From literature two focal aspects or dimensions of 
technology management become important, those concerning 
to product technology and process technology [23]. The 
difference between the two aspects is that, process technologies 
are utilized to build products according to requirements or 
customers specifications, whereas, product technology are the 
technological features embedded within the product. Adner and 
Levinthal [24] discusses the dynamics of product and process 
innovation. Bartel [25] also carries the study of product 
innovation and production process improvement coupled with 
workers skills. Swan [26] tested factors that can influence the 
management decision for product and process technology 
among varying options from outsourcing to in-house 
development. Earlier, Kotabe and Murray [27] explored 
product and process innovations and means of sourcing in 
international competition. Damanpour and Gopalakrishnan 
[28] examined the dynamics that govern the adoption of 
product and process innovations at the firm level over time. As 
to design and build high technology products the organizations 
have to opt for sophisticated and advanced processes and 
operations. In same way the operations with high-tech 
machines and processes are capable to produce superior 
products or design services with advanced features [29].  

The current study also takes the two dimensions as factors, 
product and process technology, in managing the technology 
management practices.  

C. Sustainability 

Sustainability is an another evolutionary concept that has 
been arisen as a consequence of adaptation to changing state of 
circumstances [30]. Sustainable development has been defined 
as “development that meets the needs of the present generation, 
without compromising the ability of future generations to meet 
their own needs” [31]. It is therefore the role of business units 
to run and earn not at the cost of environment and the nature. 

Elkington [32] introduced the triple-p perspective and 
stated the characteristic of sustainable organizations only if it 
acts to attain certain minimum performance in the three ‘p-
area’s’ 

 Profit  

 People 

 Planet 

This perspective suggests that an organization has to find a 
balance between profit-oriented goals and with goals 
concerning to the social and environment. The ‘bottom line’ is 
that an organization is not merely an economic-financial unit; 
at the same it is also responsible to generate benefits to social 
and ecological environment as well. 

Foley [33] explained that organizational aim for 
sustainability will be accomplished if it acts to maximize the 
quality of the products to customers, in consistent to meeting 
the needs and wants of non-customer stakeholders. This 
outlook perspective changes the traditional outset of business 
purpose and initiates a further evolution to advance criteria in 
the contemporary quality movement [34].  

1) Organizational Sustainability: Surviving and 
continually upgrading the business operations is a great 
challenge, especially when the business environment keeps 
changing. ‘Organizational Sustainability’ refers an ability of 
the organization to successfully address existing business needs 
and having agility to prepare and strategically respond to future 
business needs, market and operating environment. According 
to ISO 9004:2009; “the sustained success of an organization is 
considered the result of its ability to achieve and maintain their 
long-term objectives that pass unfulfilled, in a consistent way, 
the needs and expectations of its stakeholders, in a balanced 
and long-term as well”. 

Zairi [35] defines sustainability in the organizational 
perspective as ‘‘the ability of an organisation to adapt to 
change in the business environment to capture contemporary 
best practice methods and to achieve and maintain superior 
competitive performance’’. Linnenlueke and Griffiths [36] 
extended and used the term ‘corporate sustainability’ instead of 
‘organizational sustainability’ and presented its closer 
examination and  link to organizational culture. They identified 
a number of significant barriers and obstacles for change 
towards sustainability-related culture. They highlighted 
barriers like organizational rigidity and presence of 
organizational subcultures in the organization. 
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Therefore emergence of sustainability concepts has 
dramatically widened the aim of business operations. Besides 
the economic benefits, management and organizations have to 
take into considerations the environmental and social 
outcomes.  

The current study takes into account the three viable 
aspects of economical performance, social and environmental 
outcomes.  

2) Measuring Sustainability: Measuring performance is 
not easier, especially when ‘what is to be measured’ in the 
circumstances keeps changing. Sustainability index is a 
performance indicator that drives the organization to design 
new products catering the needs and aspects to environment, 
economic and social aspects [37]. Hubbard [3] has discussed 
the details of four conceptual approaches in measuring 
sustainable organizational performance. These are (1) adapting 
a macroeconomic system model (2) the quality approach (3) 
the Triple Bottom Line and (4) expanded Balanced Scorecard. 

Muhamad et al. [30], in their study, tested the model (Fig. 
1) to see the effect of different aspects of innovation 
performance on sustainability performance in manufacturing 
industry. It is observed that overall regression results of 
innovation performance as a set of four components including 
product, process, organizational and marketing innovation had 
significant effect on three indicators of manufacturing 
sustainability while had mixed results of predictive abilities of 
each component.  

 

Fig. 1. Model of innovation performance and sustaianability performance 
used by Muhamad et al. (2014).  

D. Relationship between TQM, TM and Organizational 

Sustainability Performance 

TQM and technology are becoming ever growing essential 
features of organizational strategy for business excellence of 
many leading organizations across the world. Many of the  
companies are adapting technology and TQM for sustaining 
competitiveness in the marketplace [38]. 

There are numerous studies that have determined the 
relationships or predictive correlations between TQM factors 
and performance measures [39]. There include identification of 
success factors for TQM practices, examination of barriers or 
obstacles in adopting TQM techniques and identification of the 
relationship and effect of TQM  on performance factors [40]. 
But there is little literature available that investigates the 
interrelated and combined effect of TQM and technology 
management on the performance of certain parameters or 
factors. Prajogo and Sohal [41] identified the TQM and 
technology/R&D management on quality and innovation 
performance. Perera and Kuruppuarachchi [42] studied the 

impact of the both practices on operations performance of 44 
organizations in Sri Lanka. It concluded in the study that TQM 
showed positive relationship with operations performance 
while TM was insignificant to it; however there was strong 
interrelationship in both TQM and TM.  Brah and Lim [38] 
carried the study of TQM and technology on the performance 
of logistics companies and it is determined that high 
technology TQM firms perform significantly better than those 
to with low technology firms.   

Similarly a few studies compared the relationship of 
technology over sustainability. Ehrenfeld [43] suggested 
industrial ecology as a new system and framework for 
sustainable economies in product and process designing. 
Spangenberg [44]  provided the thought of limitations imposed 
by the social organization and state of technology on the 
environment’s ability to satisfy present and future needs. 
Kyriakou [45] has explained optimistic and pessimistic views 
regarding the role of technology over sustainability. He argued 
that technical progress begets economic growth and means to 
deal with environmental degradation (the optimistic view) and 
historically technical progress has been linked as a cause for 
environmental degradation (pessimistic view). Linnenlueke 
and Griffiths [36] also highlighted about the environment and 
counter technology movement in 1960s and 1970s. It is a catch 
22, without technology no growth and sustainability (to 
improve and capitalize environmental resources according to 
the needs of current and future generation) and with (poor use 
of) technology there is chance of depletion of environmental 
resources.  

1) Proposed Research Framework: Hypothesizing the 
relationship among three main factors or constructs, a 
framework for the study is proposed in Fig. 2. There are six 
factors in TQM and two factors in technology management. 
The variable of organizational sustainability performance is 
further divided in three sub-variables including economical, 
social and environmental performances. There are three factors 
in economical sustainability performance, three are in social 
sustainability performance and two are in environmental 
sustainability performance.   

 

 TQ M 

 Leadership 

 Strategic Planning 

 Customer Focus 

 Workforce Focus 

 Process Management 
 Knowledge Management  

TM 

 Product Technology 

 Process Technology 

 

Economical  

Performance 

 Product  

 Process  

 Financial & Market  

 

Social  
Performance 

 Customer related 

 Workforce related 

 Societal & community  

 
Environmental  

Performance  

 Internal  
 External  

Sustainability Performance 

 

 

Fig. 2. Proposed research framework on the relationship among TQM, 

technology management and sustainability performance  
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III. RESEARCH METHODOLOGY 

This is a survey based research study that was carried out 
through distribution and collection of questionnaire from 
various types of industries located in different cities of 
Pakistan.  

The questionnaire was developed after reviewing the 
literature of various studies. It contained four main sections. 
The first Section was general and required information of the 
respondents about his/her age, qualification and experience. 
The section also contained requiring information about 
organization regarding its size, location, sector, nature of 
operation, implementation and length of ISO 9001 
certification, other certifications, standards and quality 
techniques. The second and third sections were requiring the 
information on level of TQM and TM practices being 
implemented in the organization respectively. The 
sustainability performance results in terms of economical, 
social and environmental outcomes were determined through 
the fourth section.  

The research survey was carried out through sending the 
questionnaires to a sample of 350 organizations of different 
sectors and industries, located in different cities in Pakistan. 
The questionnaires each contained a cover letter with self-
addressed, stamp affixed, envelope were sent by mail. The 
respondents were prompted with calls and emails too. After 
discarding eight incomplete and four for extreme outliers, the 
survey yielded 88 usable responses or 25.1% effective response 
rate.  Such response rate is acceptable as greater than the 
suggested cut off of 20% [46]. The industry, sector and size 
wise questionnaires received in the survey are depicted in 
percentages in Table I, and in Fig. 3, Fig. 4 and Fig. 5 
respectively. The highest percentage of responses received 
from engineering & manufacturing industry (22.7%), from 
private sector (53.4%) and from large sized organizations 
(50%).   

TABLE I.  TYPES OF ORGANIZATIONS SURVEYED (IN PERCENTAGES) 

Industry  

Type  % Type  % 

Aerospace & Defense 12.5 Oil, Gas & Power 2.3 

Automotive 5.7 Pharmaceutical 4.5 

Engg. & Manufacturing 22.7 Process & Chemical 5.7 

Civil & Construction  5.7 Service  12.5 

Foods & Beverage 3.4 Shipping 1.1 

Healthcare 6.8 Textile 2.3 

IT & Telecom 12.5 Other 2.3 

Sector 

Government 21.6 Private 53.4 

Public 18.2 Non-profit 6.8 

Size 

Small  10.2 Large 50 

Medium 39.8   

 
Fig. 3. Type of industries surveyed (in percentages) 

        
Fig. 4. Type of sectors surveyed (in percentages) 

 
 

Fig. 5. Type of sectors surveyed (in percentages) 

A. Reliability and validity 

Reliability is described as the ability of an instrument to 
provide consistent results in repeated uses [47]. It is generally 
measured with a statistic named Chronbach’s alpha used to test 
reliability of questionnaire across various items [48]. Its value 
ranges from 0 to 1 where the higher value depicts higher level 
of internal consistency [49]. Value of 0.7 is a common 
benchmark and can be used to imply that the items measure the 
same factor [50]. In this study, Cronbach’s Alpha values are 
achieved greater than 0.7 (Table II) for each factor depicting 
internal consistency of the items for the respective dimension. 
Not a single item was deleted from any factor due to acceptable 
values achieved.  
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TABLE II.  STATISTICS OF FACTORS 

Factors 
Statistics 

No. of 

Items 
Mean SD 

Cronbach’s 

alpha 

Total Quality Management (TQM) 

 Leadership 7 4.00 0.60 0.76 

Strategic Planning 6 3.91 0.68 0.74 

Customer Focus 7 3.96 0.82 0.87 

Workforce Focus 7 3.65 0.78 0.78 

Process Management 6 3.88 0.75 0.78 

Knowledge Management 5 3.86 0.80 0.80 

Technology Management (TM) 

Product Technology 5 3.69 0.86 0.83 

Process Technology 4 3.75 0.84 0.79 

Economical Sustainabaility Performance 

Product perfromance  5 3.92 0.73 0.79 

Process profermance  5 3.82 0.79 0.84 

Financial & Market 5 3.82 0.88 0.87 

Social Sustainabaility Performance 

Workforce related 4 3.71 0.82 0.83 

Cutomer & stakeholders 
related 

4 3.86 0.80 0.89 

Community related 4 3.75 0.75 0.80 

Envirnomental Sustainabaility Performance 

Internal 3 3.94 0.81 0.75 

External  4 3.77 0.78 0.83 

 

Content validity can be checked and ensured subjectively 
or qualitatively by reviewing and approval from experts with 
general agreement among the items of the factors under 
consideration [51]. The items of the factors were derived 
through literature; and the content validity of the questionnaire 
was assured through peer review and review from the academic 
professionals, consultants and practitioners of the field.  

Construct validity was assured by the application of factor 
analysis conducted separately on each factor of main factors or 
variables. It was determined that the set of items in each factor 
were composing or forming a single factor within that factor 
with Eigen value greater than 1. The measured values are 
presented in Table III.  

IV. RESULTS AND ANALYSIS 

The number of items and observed statistics including 
mean, standard deviation and Cronbach’s alpha values are 
depicted in Table II. All Cronbach’s alpha values are larger 
than 0.7 (ranging from 0.74 to 0.89) thus indicating the items 
are showing very good inter consistency within respective 
factors. The highest mean value is achieved for ‘leadership’ 
factor, showing that the involvement, commitment and 
initiative actions of top management are very good. In 

Pakistan, the role of Chief operating officer (CEO) or 
Managing Director (MD) in an organization or firm is usually 
performed by the owner or by a close member of his family. 
The owner or his family member tends to closely involve, 
through management team, in each major activity and provides 
guidance and decisions in supremacy.   

A. Factor Analysis  

There were total 81 items used in the research study. 
Among these 38 items were belonging to six factors of first 
independent variable TQM, 9 items to two factors of another 
independent variable technology management and 34 items to 
eight factors of three variables of sustainability performance. 
The factor analysis was conducted separately on each factor of 
the variables to assure that a factor can only be valid if all the 
items of that factor form a single factor with Eigen value 
greater than 1.  The items in each factor were inter correlated 
through confirmatory factor analysis (CFA) based on principle 
component analysis (PCA) with Promax rotation using SPSS 
package version 20. The corresponding ‘Eigen values’ and ‘% 
of variation’ are measured and presented in Table III. All 
Kaiser Meyer Oklin (KMO) values observed greater than 0.7; 
n=88 (Table III) for each factor which describes that sample 
adequacy is good. 

TABLE III.  FACTOR ANALYSIS RESULTS 

Factors 
Statistics 

KMO 
Eigen 

value 

% of 

Variation 
VIF 

Total Quality Management (TQM) 

 Leadership 0.78 3.44 49.16 2.93 

Strategic Planning 0.84 3.57 59.50 3.14 

Customer Focus 0.81 4.62 66.01 2.68 

Workforce Focus 0.88 4.20 60.10 4.92 

Process Management 0.83 3.73 62.19 4.85 

Knowledge Management 0.86 3.62 72.51 5.31 

Technology Management (TM) 

Product Technology 0.87 3.71 74.28 6.62 

Process Technology 0.82 2.99 74.72 5.15 

Economical Sustainabaility Performance 

Product perfromance  0.840 3.39 67.86 3.95 

Process profermance  0.869 3.51 70.27 4.42 

Financial & Market 0.845 3.84 76.96 3.74 

Social Sustainabaility Performance 

Workforce related 0.801 2.96 73.98 4.14 

Cutomer & stakeholders 

related 
0.841 3.14 78.59 5.19 

Community related 0.821 2.87 71.64 5.43 

Envirnomental Sustainabaility Performance 

Internal 0.742 2.40 79.97 3.82 

External  0.788 2.97 74.22 3.86 
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 It has been recommended that KMO value less than 0.5 is 
not acceptable [52]; values from 0.5 to 0.7 are mediocre; 
values from 0.7 to 0.8 are good; values from 0.8 to 0.9 are 
great and values above 0.9 are superb. Nie [53] suggested that 
high KMO values provide more meaningful analysis. 

B. Correlation, Multicollinearity and Regression Analysis  

The correlations among all the factors were determined and 
it was revealed that each value showed a positive relationship 
(r > 3, p < 0.01) between any two factors. Therefore it was 
further checked that if multicollinearity existed among the 
predictors or factors. Variance inflation factors (VIF) was 
measured to check how much the variance of the estimated 
regression coefficients are inflated as compared to when the 
predictor variables are not linearly related.  It is suggested that 
if VIF=1 then there is no multicollinearity among the predicted 
factors; if VIF=(1<5<10) then there is moderate 
multicollinearity and if VIF>10 then there is high concern for 
some of the predictors and those should be removed from the 
model. In the study VIF values have been measured by taking 
other factors as predictors and sustainability performance (SP) 
as response factor. All the measured VIF values are less than 
10 thus showing moderate level of multicollinearity and are 
presented in Table III. 

The relationship among two independent variables, TQM 
and technology management, and three dependent variables, 
economical, social and environmental sustainability 
performances was observed through linear regression. The 
significance of the relationships was checked by the 
consideration of F statistics and p-values which measured as 
significant in the case (Table IV). The same relationship was 
also observed among TQM, TM and overall sustainability 
performance and found significant (p < 0.005) in Table IV. The 
correlation and the positive trend of overall sustainability 
performance can also be observed from Fig. 6. The overall 
sustainability performance is the mean of the sum values of 
individual three sustainability performances.  

TABLE IV.  REGRESSION RESULTS 

Factors 
Statistics 

Beta 

coefficient 
R-sq 

F- 

statistic 
p-value 

Economical Sustainability Performance  

TQM 0.501 
0.783 153.22 <0.005 

TM 0.415 

Social Sustainabaility Performance 

TQM 0.561 
0.761 132.10 <0.005 

TM 0.341 

Envirnomental Sustainabaility Performance 

TQM 0.438 
0.606 63.87 <0.005 

TM 0.369 

Overall Sustainabaility Performance 

TQM 0.532 
0.792 158.46 <0.005 

TM 0.390 
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Fig. 6. Correlation graph showing strong positive trend of overall 

sustainability performance with TQM and TM  

V. CONCLUSION 

Organizations are striving to achieve business excellence 
and to maintain it for longer period. Therefore, organizational 
sustainability is the need of time. Various strategies have been 
adopted in this regard; TQM approach is among one of these. 
Business excellence frameworks such as MBNQA or EFQM 
which considered as TQM models can be applied for 
sustainable performance. However researchers, for example 
Talwar [54], have highlighted that only the use of these 
frameworks is insufficient, and argued that the criteria of 
business excellence frameworks or TQM models may need to 
be up graded with the addition of sustainability elements or 
requirements. Elmholt [55] has suggested that business 
excellence module can be added to sustainability framework or 
both frameworks may be combined to form a single model 
with the name of Sustainable Enterprise Excellence (SEE). 
Edgeman and Eskildsen [56] have also suggested to form a 
comprehensive single business excellence framework based on 
multiple sustainability principles and guidelines.   

Likely technology advancement demands consistent 
upgrading and innovating products and operations to remain 
competitively alive in the business world. Therefore 
technology management is imperative in the business models. 
Integration of TQM and technology management can lead the 
organizations on the path of sustainability in all three aspects of 
economical, social and environmental performances.  

The current study used six elements of business excellence 
frameworks and two factors of technology management 
practices to explore their role and impact on sustainability. The 
results showed significant relationship. Future research may be 
carried out to identify necessary elements or requirements 
pertaining to sustainability practices that can be added in the 
prevailing TQM models or frameworks; however it needs 
careful and deep investigation. In the study data of 88 sample 
organizations was collected and presented. The results of data 
can be more improved as more data is obtained. The results of 
data can be more improved as more data is obtained. As the 
study is still in work in lieu of completion of author’s PhD 

537



thesis, the results are expected to be more analytically 
reasonable and useful in future work.  
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