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Abstract: The objective of this paper is to examine the significance of various Technology Push (TP) and Demand 
Pull (DP) strategies substantial for accomplishing Sustainable Development in Indian manufacturing industries. 
The research crucially examines the effectiveness of Technology Push-Demand Pull strategies (TP-DP strategies) in 
manufacturing industries. An extensive survey of 92 companies in India has been executed to identify improvements 
made by TP-DP strategies, to achieve sustainable development. The companies in the survey include medium- 
and large-scale manufacturing enterprises. The correlations between various TP-DP strategies and Sustainable 
Development parameters are evaluated and validated using various numerical methods and tools. The paper 
peeks into the research to find out significant TP-DP strategies to meet the challenges posed by international 
markets. However, it is also acknowledged that manufacturing firms need to work more actively on managing 
certain strategies of TP-DP.

Keywords: Technology Push strategy, Demand Pull strategy, Sustainable Development parameters, Manufacturing 
organizations.

managers about the fundamental principles and 
their driving forces. It was inferred that innovation 
is motivated by science and that consecutively 
stimulate technology [2]. Demand Pull (market need) 
is a recognized need that stimulates innovation with 
the help of research and development. The industries 
manufacture the required products, do its marketing 
and fulfill the demand of its consumers. In addition 
to this, Demand Pull inflation is likely to emerge 
when total demand overtakes total supply in an 
economy. This is broadly perceived as too much 
money chasing too few goods. The commitment of 
fulfilling the demand in time plays a significant 
role in raising the standard of manufacturing 
firms and their overall sustainable development. 
Undoubtedly, numerous definitions of sustainable 
development are suggested over the time. World 
Commission on Environment and Development 
stated that, Sustainable Development is a strategy of 
progress in which the utilization of assets, command 
on investments, arrangement of technological 

introduction1. 

A number of definitions are associated to technology, 
majority of which gives an account of manufacturing 
and product development industries. Martino (1983) 
stated that technology is overall utilization of means 
to provide basic commodities required for corporal 
sustainability and contentment. [1] discussed 
the findings of research conducted between 2013 
and 2016, based on the promotion of technology 
layout for the Creative Industries. The roadmap 
presented in their work was built based on input 
from communities of creative and Information 
and Communication Technologies (ICT) during 
the validation phases of the research. Therefore, 
the study is directed towards the development of 
latest technologies and related business models 
and expertise, and provides guidance for making 
strategies in this regard. The TP strategy drives the 
product coordination philosophy of ‘if we build it, 
they will adopt it’ owing to a number of fields. The 
TP strategies set up a discussion among technology 
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development and corporate revolution, are made 
persistent with subsequent and existing demand. 
Global rise in DP along with industrial revolution 
leads to competitive sustainable manufacturing. 
It is important to acknowledge that nations show 
different levels of development, from economic 
growth to economic development and beyond. 
Sustainable development is escalating as a world-
wide key perception that we must recognize to 
accommodate environmental, socio-economical and 
technological challenges. The progress of social 
security and sustainable development can only 
be achieved if humans are able to make overall 
employments and better living conditions for human 
ethical quality [3]. The manufacturing industries 
have witnessed many challenges in last four decades, 
involving drastic changes in innovative capability, 
corporate strategy, transforming capabilities, 
customer satisfaction and other related issues. 
These challenges are compelling the manufacturing 
organizations to adopt innovative methodology to 
develop new products, and to exploit sustainable 
manufacturing tools and techniques efficiently. 
Manufacturing performs a crucial operation in the 
business of the globally industrialized countries 
but its impact on the environment has become 
a matter of concern, which requires industries 
to adopt sustainable manufacturing. In other 
words it is a matter of doing more with less, 
i.e. increasing productivity meanwhile utilizing 
minor resources and creating negligible waste 
[4].

litErAturE rEviEW2. 

Today, universal rivalry has entered each and 
every portion of the planet and field of business 
[5]. Prosperity is created through industrialization 
and development of economy is well recognized by 
growth of manufacturing corporations. Moreover, 
the prosperity of a country depends on the excellence 
of its production capacity and that those who over 
come manufacturing will eventually succeed in 
technological innovation [6]. Kocak et. al., (2017) 
[7] reported that dedicated technology orientation 
lead to radical innovation, while responsive market 
regulation actively affects incremental innovation. 
Technology Push is regarded as a fundamental 

practice for the development and diffusion of technical 
improvements in manufacturing organizations. TP 
uses an adopter to accept the technology [8]. The 
manufacturing industries prosper in the light 
of market needs, whereas according to technical 
experts the change in technology is the critical 
factor for development [9]. Manufacturing, stated 
as conversion of materials and data into assets 
for the contentment of human wants is the 
fundamental wealth-creating exercises in a country. 
Encouraging perfection in manufacturing arises as 
a vital objective of industry along-with society [10]. 
As per Technology Push and Demand Pull (DP) 
practitioners, and industrial managers, the field of 
TP-DP is continuously growing. The interactions 
among TP-DP strategies depend on industrial life 
cycles and status of local market [11]. The concept of 
Technology Push was primarily given by Schon (1967) 
[12] as the basic motivation and driving force at the 
back of innovation of new technologies. Innovation 
is guided by science and hence impels technology. 
TP strategy originates from acknowledgment 
of new technological methods for improving the 
performance of manufacturing industries [13]. The 
adoption of latest technology by companies should 
be examined as an entrepreneurial activity more 
than as the result of a long term development. 
Furthermore, the developing economies are likely 
to face challenges in future, as the multinational 
companies, hamstrung by the moderate development 
in their home markets are focusing towards emerging 
industries [14]. Today’s manufacturing scenario 
is illustrated by accelerated changes in market 
and enhanced competitive strategies. Majority of 
the companies are using similar manufacturing 
techniques, therefore the struggle is not only based 
on manufacturing approach, but how strongly a 
firm governs technology apropos its consumers 
[15]. Fatima (2017)[16] investigated the role of 
globalization in the progression and circulation 
of technology across manufacturing industries 
operating in emerging and developing economies. 
The study analyzed the feasibility of different 
mediums of international technology transference, 
whether they push the firms operating in developing 
countries to innovate and as a result push them 
closer to the international technology sphere. It 
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was argued in 1960s that demand stimulates the 
amount and direction of innovation. The variations 
in markets generate opportunities for industries to 
invest in innovation to entertain unmet demands 
of consumers. The demand explains incremental 
technological change far better than discontinuous 
change, so it fails to report the most significant 
innovations[17]. Lubik et. al., (2013)[18] studied the 
strategic orientation of manufacturing start-ups and 
it was concluded that many of the start-ups beginning 
with DP strategies shift towards Technology Push 
(TP) orientation in their early development stages. 
Herrona and Braiden (2006) presented a model to 
execute and setup profitability change in a cluster 
of manufacturing companies. According to Hannon 
et. al., (2015) [19] DP strategies of government 
introduces an efficient methodology to fortify the 
administration based plans of action, generally 
known as Product-Service Systems (PSS). It includes 
demand based strategies to fulfill social needs in 
environmentally feasible way. It was reasoned 
that the research strengthens the requirement 
for energy proficiency commitments that includes 
both energy suppliers and purchasers. Effective 
and efficient support strategies for renewables are 
vital in order to bring technological change into 
the market [20]. Technology transfer processes 
can be TP or DP. Whilst TP strategies have been 
dominating the area of study, attention is focused on 
DP technology transfer. After exploring important 
factors, it was concluded that capabilities of 
industries for articulating their technological needs 
are important for DP technology transfer. A logistic 
regression analysis was executed. It was observed 
that quality of needs-articulation has positive impact 
on substantial demand-led technology transfer. 
Certainly, the companies must know and should 
be able to precisely justify what technologies they 
need [21]. Subsequent analysis of latest technology 
is pivotal for a sustainable and prosperous future. 
However, contiguous changes in the global markets 
impose challenges for long term policy and strategy 
making [22] [23][24].

mEthodology3. 

An examination has been conducted in medium 
and large scale manufacturing industries 
practicing TP-DP strategies. In this investigation, 

a substantial number of manufacturing enterprises 
(92) have been relevantly surveyed. The focus of 
investigation is on advancement of TP-DP strategies 
to have progressive manufacturing in organizations. 
Figure 1 portrays the methodology adopted for 
purpose.

figure 1: methodology employed for the study

To analyze the inputs made by TP-DP strategies 
towards achieving Sustainable Development, a 
comprehensive ‘TP-DP questionnaire’ has been 
framed. It covers various features of TP-DP issues 
and has been utilized to seek details essential to 
attain the purpose of investigation. The questionnaire 
has been fabricated by executing a thorough 
literature survey. Further, in the present study, an 
extensive sample of manufacturing industries has 
been investigated. Finalized TP-DP questionnaire 
was dispatched to 310 industries approximately, 
which are practicing TP-DP strategies for achieving 
Sustainable Development. More than 325 calls were 
made to interact with senior officials/managers in 
the companies and around 380 e-mails along with 
280 posts concerning questionnaire were posted 
to different organizations throughout the nation, 
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which are on distinct levels of practicing TP-DP 
strategies. Beside this, miscellaneous interviews 
with managers were made and explanations were 
arranged, relevant to practicing TP-DP strategies. 
In total, 92 valid responses were obtained.

rEcognition of tP-dP strAtEgiEs 4. 
And sustAinAblE dEvEloPmEnt 
PArAmEtErs

To figure out the degree of practicing various TP-DP 
strategies to achieve Sustainable Development, a 
Likert scale is selected for investigation on the scale 
of five points. The success determinants of TP-DP 
strategies and Sustainable Development parameters 
are shown in Table 1.

table 1 
success factors of tP-dP strategies and sustainable 

development Parameters

Not at all Rarely To some 
extent

Reasonably 
well

To a great 
extent

1 2 3 4 5

Subsequently, to identify the benefits of 
adequate TP-DP strategies, it becomes necessary 
that various TP-DP strategies and Sustainable 
Development parameters be investigated carefully. 
For the purpose, three key TP (X1, X2 and X3) 
and three DP strategies (Y1, Y2 and Y3), and four 
Sustainable Development parameters (Z1, Z2, 
Z3 and Z4) are identified as generous to report 
the effects of TP-DP strategies for accomplishing 
Sustainable Development. Figure 2 depicts the 
proposed model showing TP-DP strategies and 
Sustainable Development parameters to judge the 
correlation among them.

figure 2: contribution of tP-dP strategies for achieving 
sustainable development

intEr-rElAtionshiPs bEtWEEn  5. 
vArious tP-dP strAtEgiEs  
(inPut sEgmEnt - x’s And y’s)  
And sustAinAblE dEvEloPmEnt  
PArAmEtErs (outPut sEgmEnt - z’s)

reliability test (cronbach’s a) and validity 
of segments

Consistent reliability within the segments is 
frequently adopted psychometric test to assess 
inspection instruments and systems. Checking 
of reliability on a measurement tool is executed 
to adjudge its capability to return true weights. 
Cronbach’s a is a fundamental test to determine 
the authenticity constituting consistency within 
the segments. The scores have been allocated to 
various attributes under TP-DP strategies and 
Sustainable Development parameters, based on 
observations made by researchers in consultation 
with peers from manufacturing industries through 
industrial visits and interviews. The Cronbach’s 
a for different TP-DP strategies and Sustainable 
Development parameters has been calculated 
to confirm the reliability of responses compiled 
over the investigation. The computed results of 
Cronbach’s a for TP-DP strategies (input segment) 
and Sustainable Development parameters (output 
segment) are elaborated in Table 2. Since Cronbach’s 
a value for each issue is more than 0.600, it signifies 
substantial reliability of data for input and output 
segments.

table 2 
values of cronbach’s a for tP-dP strategies (input 

segment) and sustainable development Parameters 
(output segment)

Input segment X1 X2 X3 Y1 Y2 Y3

Cronbach’s a values 0.893 0.937 0.836 0.757 0.728 0.643

Output segment Z1 Z2 Z3 Z4

Cronbach’s a values 0.866 0.881 0.869 0.913

AnAlysis And rEsults for 6. 
intEr-rElAtionshiP Among tP-
dP strAtEgiEs And sustAinAblE 
dEvEloPmEnt PArAmEtErs

Pearson’s correlation Analysis

Based upon responses taken from industries, an 
estimation of affiliation of TP-DP strategies with 
respect to Sustainable Development parameters 
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has been accomplished. Table 3 and 5 portrays 
Pearson’s correlations among TP-DP strategies 
and Sustainable Development parameters. The 
Pearson’s correlations determine the substantial 
elements responsible for the success of TP-DP 
strategies in industries. Only those values which 
relate to Pearson’s correlation >38% and 49% in TP 
and DP strategies, respectively and mathematically 
significant at 0.01 significance level are examined 
to have firm affiliation. Moreover, t-test has been 
applied to recognize significant TP-DP strategies 
responsible for achieving Sustainable Development. 
The outcomes of t-test illustrating t-values along with 
significance factor p for TP and DP strategies with 
Sustainable Development parameters are shown in 
Table 4 and 6, respectively. The t-values may also be 
calculated by the following mathematical formula:

 t = 
r n

r
tn

-

-
≥ -

2

1 2 2  (from t tables)

where,

n - 2 = degrees of freedom in a particular test; 
r = Pearson’s correlation coefficient among a particular 
TP or DP strategy and Sustainable Development 
parameter.

table 3 
computation of Pearson correlation R between 

various tP strategies (x1 to x3) and sustainable 
development Parameters (z1 to z4)

X1 X2 X3

Z1 0.707** 0.723** 0.760**

Z2 0.649** 0.576** 0.713**

Z3 0.485** 0.388** 0.557**

Z4 0.743** 0.717** 0.761**

Note: **Correlation is significant at the 0.01 level (2-tailed).  
*Correlation is significant at the 0.05 level (2-tailed).

table 4 
validation of correlation between various tP 

strategies (x1 to x3) with sustainable development 
Parameters (z1 to z4) using T-test

Results of t-test (with significance factor p)

X1 X2 X3

Z1 9.494 (0.000)** 9.934 (0.000)** 11.083 (0.000)**

Z2 8.103 (0.000)** 6.692 (0.000)** 9.660 (0.000)**

Z3 5.267 (0.000)** 3.990 (0.000)** 6.365 (0.000)**

Z4 10.519 (0.000)** 9.750 (0.000)** 11.143 (0.000)**

Note: **Correlation is significant at the 0.01 level (2-tailed).  
*Correlation is significant at the 0.05 level (2-tailed).

table 5 
computation of Pearson correlation R between 

various dP strategies (y1 to y3) and sustainable 
development Parameters (z1 to z4)

Y1 Y2 Y3

Z1 0.616** 0.648** 0.559**

Z2 0.589** 0.686** 0.684**

Z3 0.654** 0.492** 0.597**

Z4 0.620** 0.664** 0.598**

Note: **Correlation is significant at the 0.01 level (2-tailed).  
*Correlation is significant at the 0.05 level (2-tailed).

table 6 
validation of correlation between various dP 

strategies (y1 to y3) with sustainable development 
Parameters (z1 to z4) using T-test

Results of t-test (with significance factor p)

Y1 Y2 Y3

Z1 7.424 (0.000)** 8.082 (0.000)** 6.398 (0.000)**

Z2 6.914 (0.000)** 8.932 (0.000)** 8.884 (0.000)**

Z3 8.211 (0.000)** 5.368 (0.000)** 7.069 (0.000)**

Z4 7.498 (0.000)** 8.421 (0.000)** 7.071 (0.000)**

Note: **Correlation is significant at the 0.01 level (2-tailed).  
*Correlation is significant at the 0.05 level (2-tailed).

The figures obtained in t-test reveals that 
different TP-DP strategies and Sustainable 
Development parameters are nearly related, as 
the significance factor p is <0.01 in mostly all the 
cases. In addition to this, the value tcritical within 
the confidence limits affiliated to n - 2 (= 90) 
degrees of freedom with level of significance 0.01, 
from statistical t-tables is selected as 2.63, which 
is lesser as compared to t-values evaluated for 
different input-output connections, as reported in 
Table 4 and 6. Hence, it validates a good relation 
among different TP-DP strategies and Sustainable 
Development parameters.

5.2. multiple regression Analysis

Additionally, to examine crucial success elements 
through comprehensive TP-DP strategies, the 
important correlations obtained from Pearson’s 
correlation test and t-test are verified over multiple 
regression analysis, illustrated in Table 7. The 
terminology used is:

b = regression coefficient (b coefficient); t = 
compare means of two groups; p = significance factor; 
R = multiple correlation coefficient; R2 = coefficient 
of determination; Adjusted R2 = determines the
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table 7 
results of multiple regression between various tP 

(x1 to x3) and dP (y1 to y3) strategies with sustainable development (z1 to z4) Parameters

Performance 
parameter

Significance 
factor b-value t-value Significance 

(p-value) R and R2 value Adjusted 
R2 value

Durbin-
Watson value F-value

Z1 X3 0.258 2.189 0.031

Y1 0.244 3.363 0.001 0.832 0.692 0.678 1.731 48.850

X2 0.264 2.576 0.012

XI 0.219 2.393 0.019

Z2 X3 0.369 4.232 0.000

Y3 0.338 4.185 0.000 0.810 0.656 0.644 1.871 55.854

Y2 0.235 2.592 0.011

Z3 Y1 0.404 4.393 0.000

Y3 0.261 2.762 0.007 0.730 0.533 0.518 2.135 33.534

X3 0.203 2.214 0.029

Z4 X1 0.339 4.205 0.000

Y1 0.182 2.444 0.017 0.846 0.716 0.703 1.720 54.875

X2 0.341 4.511 0.000

Y3 0.180 2.488 0.015

advancements which lead to competitiveness. Table 7 
shows that Business performance enhancements (Z2) 
are accomplished by corporate strategy (X3) followed 
by customer attributes (Y3) and transforming 
capabilities (Y2). The reason behind it is that a large 
number of respondents extensively and thoroughly 
follow their corporate strategies. In addition to this, 
the customers are highly satisfied with the quality 
standards of products of most of the companies. 
Lastly, majority of the industries effectively 
utilize their available plant and equipments. 
The significant factors of TP-DP strategies to 
achieve Customer satisfaction (Z3) are stringent 
implementation of government regulations (Y1) 
followed by customer attributes (Y3) and corporate 
strategy (X3) as can be recognized from Table 7. 
Firstly, stringent implementation of government 
regulations impacts the price and demand of 
products in most of the companies. Secondly, the 
manufacturing organizations customize their 
products frequently, as per the requirements of 
customers. Lastly, a large number of companies out 
of 92 designed their policies to have clean technology 
innovations. The last factor of TP-DP strategies is 
Technological development (Z4). It can be successfully 
accomplished with the help of innovative capability 
(X1); stringent implementation of government 
regulations (Y1); research and development (X2); and 
customer attributes (Y3); as portrayed in Table 7. 
First of all, majority of the respondents have 

magnitude of alteration in dependent variables 
estimated by independent variables; Durbin-Watson 
value = a methodology to examine the existence of 
autocorrelation (an affiliation among values divided 
from each other by a given time lag) in residuals 
(prediction errors) using a regression analysis; 
F = variation between sample means/variation 
within the samples.

The b, t and p values of significant factors 
(TP-DP strategies) corresponding to an individual 
performance parameter (Sustainable Development 
parameter) are indicated in Table 7. In addition to 
this, significant values of R, R2, Adjusted R2, Durbin 
Watson and F for individual performance element 
are recorded in Table 7. The observations signify a 
strong affiliation of TP-DP strategies portrayed in 
the table, with respective performance parameter.

Certainly, it is evident from table 7 that four 
TP-DP strategies, namely, corporate strategy (X3); 
stringent implementation of government regulations 
(Y1); research and development (X2); and innovative 
capability (X1) plays a significant role in achieving 
Competitiveness (Z1). It is because of the fact that 
most of the companies have successfully established 
well defined corporate strategies and the products 
of a large number of companies out of 92 strictly 
comply with government regulations. Additionally, 
R&D activities help in reducing cost of existing 
products and innovation promotes technological 
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introduced new and significantly improved methods 
of manufacturing, during last five years. Secondly, 
stringent implementation of government regulations 
motivates most of the manufacturing firms to 
enhance technological capabilities to meet the rise 
in demand of the products. Thirdly, R&D exploits 
externally available information in development of 
new technologies. At last, customer attributes also 
play a significant role in achieving technological 
development. A strong fact behind it is that a large 
number of customers interact with various web and 
mobile app services of the companies.

conclusions7. 

The present research emphasize on the contributions 
of TP-DP strategies for achieving Sustainable 
Development in manufacturing organizations. 
Owing to the objective various TP-DP strategies 
and Sustainable Development parameters have 
been entrenched in the investigation. Empirical 
examination has been implemented in the research 
to seek the aspects of TP-DP strategies to achieve 
Sustainable Development. Observational data has 
been reported to justify inter-relationships among 
TP-DP strategies and Sustainable Development 
parameters. The analysis shows that TP-DP 
strategies are significant to companies trying 
to achieve Sustainable Development to deal 
with the challenges set by global competition. 
Furthermore, investigation reveals that performance 
of manufacturing industries lacks in certain TP-DP 
strategies like, transforming capabilities; innovative 
capability; and R&D. The industries need to work 
more aggressively to revamp such strategies. 
This justifies the immense capability of TP-DP 
strategies in attaining complete organizational 
development. This investigation acknowledges that 
top management may adequately contribute towards 
recognition of Sustainable Development by indulging 
in competent TP-DP strategies in the industries and 
providing resources to manage changes. However, 
in present scenario, most of the manufacturing 
enterprises have taken initiatives enthusiastically 
in the manufacturing sector by introducing 
various TP-DP strategies, for the realization of 
Sustainable Development. Furthermore, various 
inter-relationships in the research acknowledge that 
companies have performed reasonably satisfying 
in the areas of corporate strategy; stringent 

implementation of government regulations; and 
customer attributes of TP-DP strategies to have 
Sustainable Development. Certainly, the present 
study has slight limitations. Firstly, no study in 
the past has reported the combination of exactly the 
same constructs (TP-DP strategies and Sustainable 
Development parameters) together, although all the 
variables deployed in this study have been adapted 
from the extensive literature review. Therefore, 
it is difficult to precisely correlate the equation 
coefficients with results of earlier studies. Another 
constraint is that the survey has been conducted in 
Indian manufacturing organizations only. Hence, the 
results obtained from this empirical investigation 
will need some modifications before applying to 
other geographic locations (countries). As the study 
has been conducted in Indian context only, the 
results may be applicable in similar economies. In 
future, studies can be conducted in other emerging 
economies and developed economies to unfold the 
reliance of ‘Sustainable Development’ on distinct 
independent variables.
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