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Abstract
Purpose – The purpose of this paper is to find out and highlight the major influential barriers in the
implementation of advanced manufacturing technologies (AMTs) in small and medium enterprises (SMEs) of
Northern India. The major barriers in the implementation of AMTs in manufacturing industries of Northern
India have been critically assessed in this paper.
Design/methodology/approach – An ample and reasonable number of small- and medium-scale
manufacturing industries of northern India have been surveyed with an aim to find out the barriers in the
implementation of AMTs. On the basis of data collected, AHP–TOPSIS method was applied in order to
measure the weightage of each barrier in a simple mathematical form.
Findings – High cost of AMTs, lack of appropriate financial resources and current processes or procedures
are the major barriers that cause hindrance in the path of implementation of AMTs in SMEs.
Research limitations/implications – This investigation was based on the survey followed by judgments
of experts in industry and academia; other approaches such as PROMETHEE, WPM, VIKOR, etc., can be
applied for investigation. Also, the study can be carried out in different region(s) and parts of the country.
Practical implications – This paper can be helpful in many ways to the management or industrialists of
various nations who are on the same path or will follow soon.
Originality/value – SMEs need to address the findings of this research in order to overcome the barriers
and successfully implement the AMTs. A model for successful implementation of AMTs by overcoming the
barriers has been suggested.
Keywords Business improvement, Small and medium enterprises (SMEs),
Advanced manufacturing technologies (AMTs), Barriers in implementation of AMTs
Paper type Research paper

1. Introduction
Small and medium enterprises (SMEs), usually stated as “engine of growth”, play a noticeable
role in fulfilling the major requirements, economy, development and employment for the
people. The role of manufacturing enterprises is quite inevitable due to the production of
goods and satisfying our needs. Also, they are the spine of present economies due to their
contribution towards the global market with respect to imports and exports.

Past few decades have seen tremendous changes throughout the globe, whether in terms
of the choices and variety available or in terms of quality or availability. With the changing
demands and requirements of the society, they must respond quickly in order to sustain and
meet the needs. There arises a need of such technologies that can meet these types of
requirements. Advanced manufacturing technologies (AMTs) provide just not a ray of hope,
but a path to tackle such turbulences in the market scenes. They have indisputably proved
helpful in increasing flexibility, enhancing performance, improving quality and increasing
production with their implementation in SMEs.
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AMTs make use of computers to support, control and assist in various fields and
dimensions. They include various technologies such as computer numerical control (CNC),
flexible manufacturing system, robotics, computer-aided manufacturing (CAM), computer-aided
process planning, computer-integrated manufacturing, computer-aided design (CAD) and
engineering systems, production planning, routing, control and integration, scheduling, material
resource management, automated guided vehicles (AGVs), etc.

AMTs have indisputably proved to be significant in improving the flexibility, green
standards, productivity, quality and profit of SMEs. This research discloses the various
barriers in implementation of AMTs in SMEs of north India. It also aims to help management
and entrepreneurs to take a closer and detailed look at various barriers in the implementation
of AMTs, so that these can be dealt or tackled in a better way.

2. Literature review
2.1 Small and medium enterprises (SMEs)
SMEs play an important role in the economic progress of a country by providing a high rate
of employment at a low capital cost (Chou et al., 2005; Husband and Mandal, 1999). The
number of employees serves as the basis of classification of SMEs in most of the countries.
But in some developing countries like India, SMEs are classified on the basis of investments
in plant and machinery (Hooi, 2006). Rendering to the said criteria, the Ministry of MSME
(Govt. of India) has classified the SMEs. If the investment in plant and machinery is more
than 2.5m (25 lakh rupees), but does not exceed 50m (5 crore rupees), then the industries fall
in the category of small enterprises. If the investment in plant and machinery is more than
50m (5 crore rupees) but does not exceed 0.1bn (10 crore rupees), then the industries fall in
the category of medium enterprises. Smit and Watkins (2012) stated that SMEs stand
dominant in terms of number in most of the countries. SMEs stand second in case of the
largest workforce after agriculture in India. Caldera et al. stressed that SMEs are leading the
world’s economy. They have been known for their major contribution in helping sustainable
and equitable social development. SMEs not only create employment but also absorb
retrenched people coming from other sectors also.

Joyce et al.; Moore; and Rothwell (1991) recommended that SMEs can achieve goals by
innovation activities. They also highlighted the contribution of SMEs towards the country
for its economic progression and employment. Also, the SME sector contributes highly for
export of goods and industrial production for the country. With the change in scenario, high
quality at low cost is just not a solution to guarantee the success of an organization. SMEs
must upgrade themselves to face these challenges.

Industries have to concentrate on flexibility to achieve goals and survive in this
environment (Tahriri et al., 2015). To tackle these multiple challenges simultaneously, the
SMEs must concentrate on implementation of AMTs (Kirk, 1998; Power and Simon, 2004).
Increased competitiveness, high rate of production, flexibility, better quality, information
processing capability and innovation have pushed the SMEs to implement AMTs.

2.2 Advanced manufacturing technology (AMT)
The requirement of producing goods of better quality, lower operating cost, improved
manufacturing efficiency, flexibility, higher production and higher productivity has made it
necessary for a large number of manufacturing organizations to upgrade themselves and
implement AMTs in order to meet these requirements. Computers being used in AMTs help in
making of products (Svobodova, 2011). Both information and manufacturing AMTs
collectively assist in manufacturing and the entire business operations. Thus, while assisting
in manufacturing, it also comes up with a complete solution to the challenges faced by the
management in meeting the requirements. Computers assist to save, manipulate and store
data at several levels in manufacturing organizations (Dangayach and Deshmukh, 2005).
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The progress of the industrial sector in a nation represents its strength. This progress in the
industrial sector can be achieved by the development and implementation of AMTs or new
technologies. AMTs have clearly proved their valuable and benefits at several levels by their
implementation. Improvement in competitive position and outstanding developments at
various stages are a few to enlist in organizations (Tahriri et al., 2015). Finances can be
managed in a better way and products can be customized on the basis of lesser cost of
production and less bulk with the help of AMTs. The manufacturers and academicians accept
the fact that improvement in flexibility, reduction in operating costs, lesser lead time and
higher levels of output can be achieved by the implementation of AMTs, because these are
more consistent and accurate than varying humans (Gunawardana, 2010). AMTs help in
manufacturing of small volumes with an extensive range of varieties without extra costs
(Dean and Snell, 1996; Goldhar and Jelinek, 1985; Gerwin, 1993; Kaplinsky, 1984; Kotha and
Swamidass, 2000; Parthasarthy and Sethi, 1993; Swamidass and Kotha, 1998).

Alcaraz et al. (2012) and Hynek and Janecek (2009) enlisted several advantages of
implementation of AMTs. The following are the major advantages that are found to be more
significant:

(1) increased flexibility;

(2) reduced cost of products;

(3) improved plant utilization;

(4) larger market coverage;

(5) increased throughput;

(6) better quality standards;

(7) maintain level of competitiveness;

(8) higher plant capacity;

(9) faster response to the buyer’s needs;

(10) better management;

(11) reduced changeover/setup times;

(12) reduced delivery time;

(13) early introduction to market; and

(14) enhanced company image.

The advantages are numerous and also include the reduction in unit and labor
costs, higher profitability, strategy and agility and reduction in inventories (Klocke and
Straube, 2004).

2.3 Barriers in implementation of AMTs
Barriers in implementation of AMTs symbolize the various obstacles or hurdles faced by the
SMEs as they face many constraints. These can be due to various factors like lack of
resources, management, employees, workers, knowledge and methods. The below-mentioned
barriers were considered after a rigorous literature review in various contexts:

(1) high cost involved (Chan et al., 2015; Singh et al., 2013; Singla et al., 2018);

(2) lack of appropriate financial resources (Singh et al., 2013; Singla et al., 2018; Thomas
et al., 2008);

(3) risk of failure to achieve financial targets (Khaparde, 2012);
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(4) lack of skilled personnel (Mannan and Khurana, 2012; Singh et al., 2013);

(5) lack of information on markets (Mannan and Khurana, 2012; Singh et al., 2013);

(6) lack of information on new technologies (Singh and Khamba, 2011; Singh et al., 2013);

(7) lack of training facilities (Chung and Swink, 2009; Singh and Khamba, 2011; Singh
et al., 2013);

(8) technology obsolescence (Singh et al., 2013; Singla et al., 2018);

(9) lack of R&D facilities (Singh et al., 2013);

(10) poor organizational structure (Singh et al., 2013; Thomas et al., 2008);

(11) lack of supplier/vendor competencies (Hottenstein and Dean, 1992; Singh et al., 2013;
Sohal, 1997);

(12) poor sourcing practices (Singh et al., 2013);

(13) resistance to change within the industry (Singh et al., 2013);

(14) unsupportive top management (Singh et al., 2013);

(15) location of the plant (Singh et al., 2013);

(16) long tenure of top management/static governance (Khaparde, 2012);

(17) equipment failure or malfunction (Khaparde, 2012);

(18) reliability of new technology (Ndubisi, 2012);

(19) lack of leadership/support for innovation (Khaparde, 2012);

(20) comfort level – effect of disruption (Goulding et al., 2007);

(21) time required to make changes and adjust (Mannan and Khurana, 2012);

(22) understanding of and ability to implement (Khaparde, 2012);

(23) social implications – changes in collaboration communication styles (Khaparde, 2012);

(24) current processes or procedures (Atkin et al., 2017);

(25) budgetary priorities;

(26) difficulty/availability/time for training (Khaparde, 2012);

(27) resistance to learning new technology (Singh and Khamba, 2011);

(28) work stress/overload;

(29) proof of value;

(30) use acceptance (Khaparde, 2012); and

(31) performance (Khaparde, 2012).

This research emphasizes on the following research questions:

RQ1. What are the barriers to the implementation of AMTs in manufacturing SMEs in
context of northern India?

RQ2. Undoubtedly, there are numerous barriers that hinder the implementation of
AMTs in SMEs; however, all of them do not have the equivalent impact on
implementation of AMTs. Thus, it results in the following question: which factors
prove to be the major barriers in the implementation of AMTs?
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To answer these research questions, the following are the objectives of this research:

(1) to identify barriers in the implementation of AMTs in the manufacturing SMEs of
northern India; and

(2) to inspect and rank the barriers in a quantitative way using an AHP‒TOPSIS
approach.

The paper is prepared in such a way that it starts with a literature review relevant to SMEs,
AMTs and various barriers in the implementation of AMTs in SMEs. In the next section, the
research methodology adopted for the study is discussed, followed by an analysis of the
data using AHP‒TOPSIS approach. In the last section, conclusion of the study and its
further scope are presented.

3. Design of study/research methodology
This work is carried out in small- and medium-scale industries located in Northern India.
It aims to identify and evaluate the major barriers in the implementation of AMTs in
SMEs. The research path adopted for this work is represented by the block diagram, as
shown in Figure 1. After a rigorous literature review and expert’s opinion, the
questionnaire was designed with answers to the questions based on the five-point Likert
Scale. The questionnaire was validated through the peer review from industrialists/
entrepreneurs, academicians and managers of the enterprises. Data collection followed
three sequential stages. From the directories of MSMEs in Northern India, 1,008 SMEs
were randomly selected and approached through telephonic call or personal interviews or
emails for the intimation of the survey work being carried out in the region. Also, the
owners or employees of the organizations were asked for their consent to participate in
the survey for attaining the best possible results in the first stage. In the following/second
stage, the questionnaire was sent by e-mail or posted to them along with the intent letter.
Then, in the final or third stage, reminders were sent and phone calls were made to them

 Literature review

Enlisting the major barriers in
implementation of AMTs in SMEs

Questionnaire development and
questionnaire validation

Responses from the SMEs Expert’s opinion

AHP–TOPSIS approach applied

Validation of the results through sensitivity analysis

Conclusions

Figure 1.
Methodology for the
present work
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to fill up the data and mail it back. Out of all the methods adopted, personal interviews
with the company owners or top officials yielded the best results. In total, 231 responses
were obtained in 15 months (December 2017‒February 2019). A few late responses did
not significantly affect the final response percentage. Also, 11 responses were found to be
partially complete because of a few missing values. After the rejection of inacceptable
responses, 202 responses were left for consideration, a number sufficient for data
analysis in the field of operations management (Oberoi et al., 2008).

In this survey, data were collected from 140 small-scale and 62 medium-scale industries.
The data are represented in the form of percentage, as shown in Figure 2.

Table I shows the distribution of responses according to the hierarchical position of the
respondent, and Figure 3 shows its graphical representation.

 

69%
Small

31%
Medium

Small

Medium

Figure 2.
Type of organization

Characteristics Number of responses In percentage

Hierarchical position
Proprietor 113 55.94
Director/GM/DGM/AGM 58 28.71
Engineer 21 10.39
Production head/Foreman/Quality head 7 3.46
Others 3 1.48

Table I.
Distribution of

responses according
to hierarchical

position

Proprietor Director/GM/
DGM/AGM

Engineer Production head/
Foreman/Quality head

Others

Figure 3.
Respondent’s
hierarchy in
organization
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The questionnaire comprised of 31 barriers in implementation of AMTs, which were
answered on Likert scale. These responses were then compiled on the basis of mean score
obtained. The mean score depicts the weightage to the specific barrier in the implementation
of AMTs as per the responses obtained. In context of India, the Government of India has
formulated regulations and policies in order to promote the implementation of AMTs in
SMEs and its impact can be seen. But practically, a lot of challenges are still being faced by
the industrialists in order to implement them. The listed barriers cover a wide spectrum of
different types of barriers faced by the organizations. From the mean score of the enlisted
barriers, high-cost involved, budgetary priorities and lack of appropriate financial resources
seem to be the most significant barriers. But the actual assessment for their contribution
as hindrances or barriers in the implementation of AMTs has been done with the help of
AHP‒TOPSIS approach in the next section. Table II and Figure 4 show the different
barriers identified and their average mean scores as per the responses received.

The barriers are then arranged according to the mean score obtained. This has to be done
to obtain the most influential or significant barriers in implementation of AMTs in SMEs.
Based on the mean score, only nine most significant barriers are chosen for further study
and testing, as shown in Table III and Figure 5.

The major influential barriers are abbreviated for the ease of use in the next section, as
shown in Table IV.

S. No. Barriers Mean score

H1 High-cost involved 4.24
H2 Lack of appropriate financial resources 3.29
H3 Risk of failure to achieve financial targets 2.86
H4 Lack of skilled personnel 1.68
H5 Lack of information on markets 1.09
H6 Lack of information on new technologies 1.06
H7 Lack of training facilities 2
H8 Technology obsolescence 2.99
H9 Lack of R&D facilities 1.38
H10 Poor organization structure 1.07
H11 Lack of supplier/vendor competencies 1.74
H12 Poor sourcing practices 1.07
H13 Resistance to change within the industry 2.14
H14 Unsupportive top management 1.20
H15 Location of the plant 1.11
H16 Long tenure of top management/static governance 1.08
H17 Equipment failure or malfunction 1.70
H18 Reliability of new technology 2.70
H19 Lack of leadership/support for innovation 1.56
H20 Comfort level – effect of disruption 2.49
H21 Time required to make changes and adjust 2.81
H22 Understanding of and ability to implement 2.29
H23 Social implications – changes in collaboration communication styles 1.08
H24 Current processes or procedures 3.18
H25 Budgetary priorities 3.41
H26 Difficulty/availability/time for training 2.10
H27 Resistance to learning new technology 2.55
H28 Work stress/overload 3.10
H29 Proof of value 2.5
H30 Use acceptance 1.14
H31 Performance 2.60

Table II.
Barriers in
implementation of
AMTs in SMEs
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4. Assessing of barriers in the implementation of AMTs in SMEs using
AHP‒TOPSIS approach
4.1 Analytical hierarchy process approach for assessing barriers in implementation
of AMTs
Analytical hierarchy process has been used as a technique to resolve complex decision-
making problems and find out the best possible solution. It has been used in different fields
like economics, education, healthcare, marketing, sports, finance, medicine and public
policy (Saaty, 1990, 1994a, b). As compared to other approaches, AHP provides better and
improved results because the primary concern or criteria weights developed by the AHP
approach are based on human judgments and not arbitrary scales (Golden et al., 1989). After
the hierarchy is established, the other elements can be compared with each other at a time.
The evaluation is converted into numerical values and the entire problem can be resolved
easily. Singh et al. (2013) also used the AHP technique to examine the barriers to strategic
flexibility in Indian manufacturing organizations. Singh and Ahuja (2012) used the AHP
technique to determine the critical success factors in environmental uncertainty and
evaluate TQM‒TPM strategic factors.

Before proceeding for the steps of AHP, the major influential barriers were chosen after
getting the scores from the experts from different organizations. Undoubtedly, variations
were observed in the score received from the respondents because of their circumstances,
work culture, experiences, product, etc., but these barriers have been chosen after an
extensive literature review. AHP needs a proper defined problem to be broken into principal
elements and its further division into pairs to be systematically analyzed. The nine major
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Figure 4.
Depiction of barriers
in implementation of
AMTs according to

the mean score

S. No. Barriers Mean score

J1 High-cost involved 4.24
J2 Budgetary priorities 3.41
J3 Lack of appropriate financial resources 3.29
J4 Current processes or procedures 3.18
J5 Work stress/overload 3.10
J6 Technology obsolescence 2.99
J7 Risk of failure to achieve financial targets 2.86
J8 Time required to make changes and adjust 2.81
J9 Resistance to learning new technology 2.55

Table III.
Major influential

barriers in
implementation of
AMTs in SMEs
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influential barriers were presented before the experts from academia and industry for
getting these evaluated. The brief profile of the experts is shown in Table V.

The comparisons were made and the experts were requested to fill these on the basis of
scale for AHP judgment as mentioned in the below list:

• Rating ¼ 1 if i and j are equally important.

• Rating ¼ 3 if i is weakly more important than j.

• Rating ¼ 5 if i more strongly important than j.

• Rating ¼ 7 if i is very strongly more important than j.

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

J1

J3

J5

J7

J9

Figure 5.
Depiction of major
influential barriers in
implementation of
AMTs in SMEs

S. No. Barriers Abbreviations

1 High-cost involved HCIN
2 Budgetary priorities BPRI
3 Lack of appropriate financial resources LFRS
4 Current processes or procedures CPPS
5 Work stress/overload WSOD
6 Technology obsolescence TOBS
7 Risk of failure to achieve financial targets RFTS
8 Time required to make changes and adjust TCAT
9 Resistance to learning new technology RNTY

Table IV.
Abbreviations of
major influential
barriers in
implementation of
AMTs

S. No. Position in organization Sector/product Experience (years)

1 Deputy Director Electrical goods manufacturing 18
2 Senior Engineer Automotive parts manufacturing 13
3 Professor and AMT expert Academia 26
4 HR Head Manufacturing 16
5 Manager Railway parts manufacturing 11
6 Proprietor Rubber parts manufacturing 15
7 Senior Engineer Manufacturing 10
8 Owner CNC machining 16
9 Senior Engineer CAD/CAM manufacturing 12
10 General Manager Automotive parts manufacturing 19
11 Owner Hand tools manufacturing 13
12 Owner Manufacturing 16
13 Proprietor CAD/CAM manufacturing 10
14 Senior Manager Shoe manufacturing 11

Table V.
Brief profile of the
experts for AHP
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• Rating ¼ 9 if i is absolutely more important than j.

• Rating ¼ 2 or 4 or 6 or 8, which are intermediate values between judgments.

In this step, we get the value of scale from the experts by the weightage of comparison of
one element with another element within the scale 1‒9, as mentioned in the above list. When
element is compared by itself, 1 value is given to it. For comparing these pairs, 14 experts
from industry and academia spared their precious time. They filled the pair wise
comparison on the most influential barriers, keeping in mind their relevancy, and opinions
were noted. From their valuable judgments and opinions, a pair wise comparison
matrix was developed, as shown in Table VI. This matrix was of order n×n judgment
matrix. From this developed matrix, a total of n (n−1)/2 judgments were considered for
explaining the importance of one over the other. The pair wise comparison matrix developed
is shown in Table VI.

After this, normalized matrix is obtained by dividing each entry of the matrix by the sum
of entries in the column of the comparison matrix. The formula used to calculate normalized
value (rij) is as follows:

rij¼aij=
X

aij:

Then, the approximate priority weight (APW) of each attribute is calculated by dividing the
sum of entries in a row by the total number of entries, as shown in Table VII. Then the
eigenvector values and index of consistency are calculated for verification of the results.
The following relation must be obeyed for the relative weights presenting eigenvalues of
the criteria:

A�Wi ¼ ƛmax : �Wii ¼ 1; 2; . . .; n;

where W1, W2,…, Wn are the APWs of each attribute and ƛmax is the largest eigenvalue of
the judgment matrix.

After the calculations stated above, the consistency index (CI) ¼ (ƛmax –n)/ (n−1) is
calculated, where n is the number of the elements being compared. Consistency ratio (CR) is
calculated by dividing CI by the random consistency number for the same size matrix. The
CR value should be either equal or less than 10 percent. If CR is not within the limits, then
the problem can be rectified by revising the judgments. The average consistencies for
different order matrices are shown in Table VIII (Saaty, 1990), and results of consistency test
are shown in Table IX.

4.2 Technique of order preference by similarity to ideal solution (TOPSIS)
This approach is very effective and practical in finding the best possible solution to complex
problems where multi-criteria decision is to be made. TOPSIS has been extensively used in

HCIN BPRI LFRS CPPS WSOD TOBS RFTS TCAT RNTY SUM

HCIN 1 3 2 3 5 4 5 4 7 34
BPRI 0.333333 1 2 0.333333 2 3 0.5 3 5 17.166666
LFRS 0.5 0.5 1 1 1 1 1 1 5 12
CPPS 0.333333 3 1 1 3 2 3 4 5 22.333333
WSOD 0.2 0.5 1 0.333333 1 1 0.5 1 3 8.533333
TOBS 0.25 0.333333 1 0.5 1 1 1 2 1 8.083333
RFTS 0.2 2 1 0.333333 2 1 1 3 0.5 11.033333
TCAT 0.25 0.333333 1 0.25 1 0.5 0.333333 1 1 5.666666
RNTY 0.142857 0.2 0.2 0.2 0.333333 1 2 1 1 6.07619

Table VI.
Pair wise comparison

matrix
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various fields for solving complex problems of quality control, design of products,
human resources management, location analysis, transport, production, etc. The basic idea
behind this approach is that the chosen alternative should have the shortest distance
from the positive ideal solution and the farthest distance from the negative ideal solution.
It is a very useful technique to reach very close to the ideal solution (Chattopadhyay and
Samanta, 2017):

• Step 1: an evaluation or decision matrix, as shown in Table X, is created, which
consists of m alternatives and n criteria xij, (xij) m×n.

• Step 2: in this step, normalized decision matrix is constructed in which various
dimensional attributes are transformed into non-dimensional attributes, as shown in
Table XI. The following formula is used for the same:

rij ¼ xij= x2ij
� �1=2

for i ¼ 1; . . .; m; j ¼ 1; . . .; n

• Step 3: in this step, weighted normalized decision matrix is constructed, as shown in
Table XII. If we have a set of weights for each criteria wj, where j ¼ 1, 2, 3,…, n, then
each associated weight is multiplied by the column of the normalized decision matrix.

• Step 4: In this step, separation measures for each alternative are calculated, as shown
in Tables XIII and XIV.

The separation from the ideal alternative is calculated as follows:

Si
n ¼ vj � –vij

� �2h i1=2
; for i ¼ 1; 2; . . .; m

Similarly, the separation from the negative ideal alternative is calculated as follows:

S0
i ¼ v0j–vij

� �2
� �1=2

; for i ¼ 1; 2; . . .; m

• Step 5: In this step, the relative closeness to the ideal solution (Ci*) is calculated, as
shown in Table XV:

Cin ¼ S 'i= SinþS0i
� �

; 0oCino1:

The option with Ci* closest to 1 is selected.

Maximum eigenvalue Consistency index Random consistency index Consistency ratio

9.447281091 0.055910136 1.45 0.038558715

Table IX.
Consistency test

results

Size of the matrix 1 2 3 4 5 6 7 8 9 10

Random consistency 0 0 0.58 0.9 1.12 1.24 1.32 1.42 1.45 1.49

Table VIII.
Random consistency

index (RI)
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4.3 Sensitivity analysis
Sensitivity analysis is necessary to check the reliability and feasibility of a method or
model. It helps us to understand the way by which uncertainty in the output of a
mathematical method or model (numerical or otherwise) can be divided and assigned to
different causes of uncertainty in the inputs. Sensitivity analysis helps us to see the
changes in results (if any) when the weights are replaced. Uncertainty analysis can also be
done simultaneously, which focuses on uncertainty propagation and quantification.
The motive of this analysis is to test the robustness of a model in the presence of
uncertainty. Some researchers believe that it leads to a better option or response and it is
just not about selecting multiple criteria (Merati and Sheikholeslami, 2015; Kasanan et al.,
2000). The understanding of input and output variables is significantly enhanced with the
help of this analysis. This analysis leads to better model for clarification and makes
recommendations due to better understanding (Bai et al., 2018). Table XVI shows the new
sets of weights for sensitivity analysis and Table XVII reflects the ranking of attributes
after the test. Figure 6 helps in better understanding of AHP rankings after the sensitivity
analysis, as reflected in Table XVII.

The results of sensitivity analysis clearly reflect the accuracy of AHP applied for the
analysis of barriers in the implementation of AMTs in SMEs. Also, it seems that there is no
uncertainty present; therefore, no change is required.

5. An action plan to overcome the barriers in implementation of AMTs
in SMEs
The action plan or solution to overcome the barriers in implementation of AMTs in SMEs
may vary according to various countries due to the difference in culture, mindset,
conditions, etc. There are many dimensions that need to be considered for making an action

Si' Si* Ci*¼ Si′/(Si* +Si′) TOPSIS rank AHP rank

HCIN 0.2675867 0 1 1 1
BPRI 0.0774188 0.2167918 0.2631407 4 3
LFRS 0.0937492 0.1821366 0.3398116 3 4
CPPS 0.1097473 0.1844109 0.3730894 2 2
WSOD 0.0294848 0.2468778 0.1066888 9 7
TOBS 0.0377944 0.2342526 0.138926 7 6
RFTS 0.057573 0.2368328 0.1955566 5 5
TCAT 0.0586083 0.244789 0.1931734 6 8
RNTY 0.0419076 0.2617312 0.138018 8 9

Table XV.
Ranks from AHP‒

TOPSIS approaches

AHP
weights TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 TEST 6 TEST 7 TEST 8 TEST 9 TEST 10

0.2880 0.0966 0.2880 0.2880 0.2880 0.2880 0.2880 0.2880 0.2880 0.2880 0.2880
0.1255 0.1255 0.1698 0.1255 0.1255 0.1255 0.1255 0.1255 0.1255 0.1255 0.0966
0.0966 0.2880 0.0966 0.0639 0.0966 0.0966 0.0966 0.0966 0.0966 0.0966 0.1255
0.1698 0.1698 0.1255 0.1698 0.0682 0.1698 0.1698 0.1698 0.1698 0.0639 0.1698
0.0639 0.0639 0.0639 0.0966 0.0639 0.0912 0.0639 0.0639 0.0639 0.1698 0.0639
0.0682 0.0682 0.0682 0.0682 0.1698 0.0682 0.0496 0.0682 0.0682 0.0682 0.0682
0.0912 0.0912 0.0912 0.0912 0.0912 0.0639 0.0912 0.0473 0.0912 0.0912 0.0912
0.0496 0.0496 0.0496 0.0496 0.0496 0.0496 0.0682 0.0496 0.0473 0.0496 0.0496
0.0473 0.0473 0.0473 0.0473 0.0473 0.0473 0.0473 0.0912 0.0496 0.0473 0.0473

Table XVI.
New set of weights for

sensitivity analysis
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plan to overcome these barriers. There is a need to educate SMEs, and support is required to
find out the best possible way to implement AMTs by training and system integration
(Mannan and Khurana, 2012). There are many approaches that can be adopted. Early
adopters and achievers of AMTs can act as role model to demonstrate and advertise.
Another catalyst can be that SMEs are provided with custom-made or modified AMTs as
per their needs. The government policies and financial aids play an important role in
overcoming financial barriers (Singla et al., 2018). The solutions and action plan to overcome
the major influential barriers have been formulated after a lot of literature review and
discussions with experts from different fields (manufacturing industry and academia). This
will surely play an important and a constructive role in providing a helping hand to SMEs to
overcome these barriers and implement AMTs. The solution to overcome the barriers has
been discussed in Table XVIII.

Figure 7 depicts the model for successfully implementing AMTs in SMEs. This model has
been generated after an extensive literature review, survey and discussion with experts
(manufacturing industry and academia). The business objective must be very clear to the
management or the owner (Chen and Small, 1994; Kaur et al., 2019). It is very important in
evaluation of the current production processes being followed. In the next stage, analysis of
structure and management, workforce skill, finance, product and technology needs to be done
closely. This analysis will help in evolution of the feasibility of the technology being
considered for implementation. Also, this analysis can help in improving various parameters
and techniques (Thomas et al., 2008). R&D helps to discover better options at more affordable
prices, hence addressing the cost and finance barrier. After this step, the expert advice is very
valuable in completing the work done in previous two steps with better understanding,

Attributes
AHP

ranking
TEST

1
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TEST

3
TEST
4

TEST
5

TEST
6

TEST
7

TEST
8

TEST
9

TEST
10

HCIN 1 4 1 1 1 1 1 1 1 1 1
BPRI 3 3 2 3 3 3 3 3 3 3 4
LFRS 4 1 4 7 4 4 4 4 4 4 3
CPPS 2 2 3 2 6 2 2 2 2 7 2
WSOD 7 7 7 4 7 5 7 7 7 2 7
TOBS 6 6 6 6 2 6 8 6 6 6 6
RFTS 5 5 5 5 5 7 5 9 5 5 5
TCAT 8 8 8 8 8 8 6 8 9 8 8
RNTY 9 9 9 9 9 9 9 5 8 9 9

Table XVII.
Ranking of attributes
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applied
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S.
No. Major barriers Strategies/solutions

1. High-cost involved High level R&D should be focused upon so that the cost of owning AMTs
gets reduced. The decrease in overall cost by research can lead to more
implementation of AMTs

2. Current processes or
procedures

The achievers should lead by an example and bring forward the
advantages of AMTs over current processes and procedures

3. Lack of appropriate financial
resources

The government should formulate policies to provide easy and accessible
financial support to the sector for enabling the management to invest
in AMTs

4. Budgetary priorities The management must focus on long-term gains and advantages. It can
overcome these challenges by sacrificing short-term gains

5. Risk of failure to achieve
financial targets

The role of achievers again plays a very important role in building up the
trust in new technology and motivating others to overcome the fear of
achieving financial goals

6. Time required to make
changes and adjust

Workshops, industrial visits and proper training can help in overcoming
this barrier

7. Technology obsolescence The flexibility and adaptability of the technology to the varying
scenarios must be brought into notice to enhance the trust factor

8. Resistance to learning new
technology

Mindset of people needs to be changed by awareness camps, lectures,
training, etc., at regular intervals, thereby highlighting the benefits
of AMTs

9. Work stress/overload Motivational lectures should be conducted to overcome the daily
pressure and stress of work

Table XVIII.
Action plan to

overcome barriers in
implementation of
AMTs in SMEs

Analysis of:
Structure and
Management

Workforce skill
Finance

Product and
Technology

Clear Business
Objective

Customer Feedback

Motivation
Positive mindset

Training of
workers/employees
Long-term approach

Successful
implementation of

AMTs

Expert Consultation

Planning of:
Technology

Vendor
R&D

Figure 7.
Model for successfully
implementing AMTs

in SMEs
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amendments (if required) and clarity. Themotivation of employees, management and setting a
positive mindset are very important, as human factor plays a very important role in its
success (Darbanhosseiniamirkhiz and Ismail, 2012). For continuous improvement, the
management should have a long-term approach. This farsightedness enables the management
to adopt AMTs and overcome the fear. The achievers play an important role in changing the
mindset of people and advancing to the implementation of AMTs. Training of workers
and employees to make them friendly and have faith in the technology is also very important
(Na-Nan, 2019; Singh et al., 2007). The customer feedback plays a vital role for the
improvement in product and finally the technology.

6. Conclusions
It is clear that AMTs have numerous benefits after their implementation in SMEs. AMTs
can bring up the level of SMEs to compete and face the changing scenario. It is the need of
time in developing nations like India to adopt and implement AMTs. SMEs face many
barriers or hindrances on the way to implement AMTs. These barriers need to be analyzed
in terms of weightage, and this paper addresses the same by the AHP‒TOPSIS approach.
Although all the barriers are important and need to be addressed with a solution, the major
influential barriers need more focus in order to advance for the implementation of AMTs.
High cost of AMTs, lack of appropriate financial resources and current processes or
procedures are the major barriers that cause hindrance in the path of implementation of
AMTs in SMEs. This paper can be helpful in many ways to the management or
industrialists of various nations who are on the same path or will follow soon. The major
influential barriers have been deeply analyzed, and solution to overcome them has been
discussed. Also, a model for successfully implementing AMTs in SMEs has been suggested.
This model seems a better version from the previously discussed models in literature, as it
covers a wider area for consideration to implement the AMTs successfully and overcome
the major influential barriers.

Future scope of work: this investigation was based on the survey followed by judgments
of experts in industry and academia; other approaches such as PROMETHEE, WPM,
VIKOR, etc., can be applied for investigation. Also, the study can be carried out in different
region(s) and parts of the country.
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